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STANDARDS DEVELOPMENT

This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum (PF), for

the development of official pharmaceutical standards.

S
tandards

D
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USP publishes Pharmacopeial Forum (PF) bimonthly and provides interested parties an opportunity to review and comment on

the new or revised standards of the United States Pharmacopeia and the National Formulary (USP–NF).

PF includes the following:

1. Potential revisions—entirely new standards, revision ideas, and drafts not yet targeted for official adoption (Pharmacopeial

Previews)

2. Proposed revisions—new or revised standards targeted for official adoption (In-Process Revision)

3. Adopted revisions—new or revised standards that become official and binding before the publication of the next USP–NF or

Supplement (Interim Revision Announcement)

USP welcomes comments and data on potential, proposed, or official standards. Comments, along with USP’s responses, will be

published either in PF Briefings, the Commentary section of PF, the Commentary section of Supplements to USP–NF, or the

Commentary section of USP–NF.
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, U.S. Pharmacopeia, 12601 Twinbrook Parkway,

Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
This section provides descriptions of the various parts of PF. It also includes Committee Designations and the Staff Directory.
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The content of the different sections of PF are briefly described below. A more detailed description of each section is provided at

the beginning of that section. A general description of the types and amount of information expected in a Request for Revision is

available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website (www.usp.org/USPNF/sub-

mitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Pharmacopeial
Previews
Early ideas for revisions

�BRIEFING: Scientific rationale for potential inclusion or change. May
include other information useful to the analyst such as the brand name
of the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�Potential revisions not yet targeted for official adoption that require a
longer public review and comment process because of
issues such as:

— the controversial nature of an item;
— the application of new technologies that require further

study; and
— articles produced by multiple sources.

Review drafts and provide comments to
the appropriate staff liaison cited in the
Briefing preceding each Preview.

In-Process Revision
Revisions targeted for
adoption

�BRIEFING: Scientific rationale for proposed changes. May include
other information useful to the analyst such as the brand name of
the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�New and revised standards that have been approved for publication
by the appropriate USP Committee when it is considering whether to
advance standards to official status (see Standards Development).
New or revised text is marked with symbols (&

&
or .. or

~

~
) to spec-

ify the tentative earliest date on which the revision would be officially
adopted.

Review material and send comments
promptly to USP staff liaison (see the
Staff Directory) identified at the end of
the briefing accompanying each item.
For general inquiries or in cases where
a particular liaison is not identified, use
the general USP telephone number 301-
881-0666 or FAX number 301-816-
8373. Comment deadlines are found at
the end of the Policies and Announce-
ments section.

Harmonization
Items the Pharmacopeial
Discussion Group (PDG)
is working to harmonize
internationally

�BRIEFING: Scientific rationale for the potential inclusion or change or
for the proposed change. The designated stage of harmonization. The
stage determines whether an item appears under Pharmacopeial Pre-
views or under In-Process Revision, both separate sections of Harmo-
nization.
�For In-Process Revision, new or revised text is marked with symbols
(&

&
) to specify the tentative, earliest date on which the revision would

be officially adopted.

Review material and provide comments
to the appropriate staff liaison cited in the
Briefing preceding each Preview or In-
Process Revision.
Individuals who wish to correspond
with the European and Japanese Pharma-
copoeias concerning monographs in the
Official Inquiry and Consensus stages
of international harmonization should ad-
dress their comments to the coordinating
pharmacopeia, with a copy to USP, for a
given article. The addresses for the Eur-
opean and Japanese Pharmacopoeias are
as follows:

Technical Secretariat of the European
Pharmacopoeia Commission
B.P. 907
F 67029 Strasbourg Cedex 1
France

NAKASHIMA Nobumasa Evaluation
and Licensing Division Pharmaceutical
and Medical Safety Bureau Ministry of
Health, Labour and Welfare, Japan
Tel. +81-3-3595-2431, Fax +81-3-3597-
9535
E-mail: nakashima-nobumasa@mhlw.-
go.jp

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
10 HOW TO USE PF Vol. 34(1) [Jan.–Feb. 2008]



Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Interim Revision
Announcement
Adopted standards

Standards that have been adopted and will become officially binding
on the specified date. Effective date is specified in the section’s intro-
ductory page or within parentheses following a particular item. New
or revised text is set off by the symbols .

..

Review to see if affected by any of the
changes. Note effective date when stan-
dards become official and ensure compli-
ance.

Pending Proposals In order for an item to be adopted into the USP–NF and become offi-
cially binding, it must first be proposed and published in the PF to
allow the public an opportunity to review and comment upon it. When
an item is adopted, it is published in either the USP–NF, its supple-
ments, or an IRA. Those items that have not yet been adopted are still
pending.

Review items to track pending propos-
als.

Canceled Proposals Canceled proposals are items that were published in PF and were
pending, but have since been canceled. Note that canceled propos-
als may be republished to be considered in the future for adoption into
the USP–NF.

Review items to track canceled propos-
als.
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Other Sections

Expert Committee Designations

Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the development of stan-

dards.

Staff Directory

Names of key USP Standards Division staff members, including scientific liaisons, with contact information.

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Where to find summaries of meetings of the Council of Experts
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested parties
� Discussions of issues on which USP desires public input prior to further development

Nomenclature
� Latest adopted United States Adopted Names (USAN) and International Nonproprietary Names (INN) for drugs
� Revisions to existing names as a supplement to the USP Dictionary of USAN and International Drug Names
� Suggested, proposed, and recommended USAN and INN
� Information on how nonproprietary drug names are devised
� Articles relevant to compendial nomenclature issues

Index

Cumulative directory for the content of all issues of PF beginning with PF 34(1).

Chromatographic Reagents Used in USP–NF and Pharmacopeial Forum

Update of chromatographic reagents based on the proposals published in this issue of PF.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
12 HOW TO USE PF Vol. 34(1) [Jan.–Feb. 2008]



EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

BB CGT B&B Cell, Gene, and Tissue Therapies

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

MD-CCA Monograph Development—Cough, Cold, and Analgesics

MD-GRE Monograph Development—Gastrointestinal, Renal, and Endocrine

MD-OOD Monograph Development—Ophthalmology, Oncology, and Dermatology

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2005–2010 Expert Committees. The general USP telephone

number, (301) 881-0666, may still be used for general inquiries or when a particular Expert Committee is not identified. The fax

number is (301) 816-8373.

STAFF E-MAIL PHONE ASSIGNMENT

Darrell Abernethy
Chief Science Officer

dra@usp.org (301) 816-8184

Clydewyn M. Anthony, Ph.D.,
Scientist

cma@usp.org (301) 816-8139 Monograph Development—
Cough, Cold, and Analgesics
(MD-CCA)

Fouad Atouf, Ph.D.,
Senior Scientific Associate

fa@usp.org (301) 816-8365 B&B Cell, Gene, and Tissue
Therapies (BB CGT)

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Patient Safety Initiatives

scb@usp.org (301) 816-8216

Daniel K. Bempong, Ph.D.,
Senior Scientist

dkb@usp.org (301) 816-8143 Pulmonary and Steroids
(MD-PS)

Kristie Bowman,
Senior Scientific Associate

kxb@usp.org (301) 816-8462 Food Ingredients (FI)

William E. Brown,
Senior Scientist

web@usp.org (301) 816-8380 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF)

Damián A. Cairatti,
Senior Scientist

dac@usp.org (301) 816-8307 USP–NF Spanish Edition

Larry N. Callahan, Ph.D.,
Senior Scientist

lnc@usp.org (301) 816-8385 B&B Proteins and Polysaccha-
rides (BB PP)

Todd L. Cecil, Ph.D.,
Vice President, Drugs and Biologics,
Documentary Standards

tlc@usp.org (301) 816-8234

Diane Cousins, R.Ph.,
Vice President, Healthcare Quality
and Information

ddc@usp.org (301) 816-8215

Behnam Davani, Ph.D.,
Senior Scientist

bd@usp.org (301) 816-8394 Monograph Development—
Antivirals and Antimicrobials
(MD-AA)

Ian F. DeVeau, Ph.D.,
Director, Veterinary Drugs
and Radiopharmaceuticals

ifd@usp.org (301) 816-8178 Veterinary Drugs (VET)

Shawn F. Dressman, Ph.D.,
Director, Reference Standards
Evaluation

sfd@usp.org (301) 816-8261 Reference Standards (RS)

Lawrence Evans III, Ph.D., M P.H.,
Senior Scientist

le@usp.org (301) 816-8389 Dietary Supplements—Non-
Botanicals (DSN)

Gabriel I. Giancaspro, Ph.D.,
Director, Dietary
Supplements

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Scientist

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Senior Scientist

eg@usp.org (301) 816-8251 Monograph Development—
Gastrointestinal, Renal, and
Endocrine (MD-GRE)

Antonio Hernandez-Cardoso,
Scientist, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP Spanish Edition;
General Chapters (GC)
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STAFF E-MAIL PHONE ASSIGNMENT

Desmond G. Hunt, Ph.D.,
Scientist

dgh@usp.org (301) 816-8341 Packaging and Storage
(P&S);

Parenteral Products— Industrial
(PPI)

Robert Jacoby,
Manager, Editorial Services

raj@usp.org (301) 998-6823

Ping Jin, Ph.D.,
Senior Scientific Associate

pj@usp.org (301) 998-6827 Dietary Supplements—
Performance Standards (DS-PS)

Jymeann King, R.Ph.,
Drug Information Specialist

jk@usp.org (301) 816-8507 Drug Information

Robert Lafaver,
Scientist

rhl@usp.org (301) 816-8335 Excipient Monographs 1 (EM1);
Excipient General Chapters (EGC)

Angela G. Long,
Vice President, Volunteer and
Organizational Affairs and
Executive Secretariat

agl@usp.org (301) 816-8382

Victor Xiaobin Lu, Ph.D.,
Senior Scientist

vxl@usp.org (301) 816-8336 B&B Vaccines and Virology
(BB-VV)

Anju K. Malhotra,
Manager, Scientific Administration

akm@usp.org (301) 816-8346

Feiwen Mao,
Scientist

fm@usp.org (301) 816-8320 Monograph Development—
Ophthalmology, Oncology,
and Dermatology (MD-OOD)

Margareth R. Marques, Ph.D.,
Senior Scientist and Latin
American Liaison

mrm@usp.org (301) 816-8106 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF); Reagents

Marcia D. Mayfield,
Manager, Monograph Development

mxm@usp.org (301) 816-8358

Kate Meringolo,
Manager, Publication Support

kxm@usp.org (301) 816-8377

Jeff Moore, Ph.D.,
Senior Scientific Associate

jm@usp.org (301)816-8288 Food Ingredients (FI)

Kevin Moore, Ph.D.,
Scientist

ktm@usp.org (301)816-8369 Harmonization;
Monograph Improvement

Tina S. Morris, Ph.D.,
Director, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

Amy Neal, DVM,
Senior Scientist

an@usp.org (301) 998-6786 Veterinary Medicine Information
(VMI)

Claudia C. Okeke, Ph.D.,
Scientific Fellow,
Patient Safety

cco@usp.org (301) 816-8243 Sterile Compounding (SCC)

Horacio Pappa, Ph.D.,
Senior Scientist and Latin
American Liaison

hp@usp.org (301) 816-8319 General Chapters (GC);
Statistics (STAT)

W. Larry Paul, Ph.D.,
Scientific Fellow

wlp@usp.org (301) 816-8331 Nomenclature (NOM)

Denise Penn, R.Ph.,
Senior Drug Information Specialist

dsp@usp.org (301) 816-8392 Drug Information

Deborah G. Perfetto, Pharm.D.,
Director, Healthcare Information

dgp@usp.org (301) 816-8317

Morgan Puderbaugh,
Scientific Associate

mxp@usp.org (301) 998-6833
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STAFF E-MAIL PHONE ASSIGNMENT

Sujatha Ramakrishna, Ph.D.,
Scientist

sxr@usp.org (301) 816-8349 Monograph Development—
Cardiovascular (MD-CV)

Ravi Ravichandran, Ph.D.,
Senior Scientist

rr@usp.org (301) 816-8330 Monograph Development—
Psychiatrics and
Psychoactives (MD-PP)

Gary E. Ritchie, M.S.,
Scientific Fellow for PAT

ger@usp.org (301) 816-8353 General Chapters (GC);
Pharmaceutical Waters (PW);
Statistics (STAT)

Karen A. Russo, Ph.D.,
Director, Small Molecules
and Monograph Acquisition

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientist

lxs@usp.org (301) 816-8168 International Health (IH)

Dandapantula Sarma, Ph.D,
Senior Scientist

dns@usp.org (301) 816-8354 Dietary Supplements—
Information (DSI)

Rick Schnatz, Pharm.D,
Manager

rxs@usp.org (301) 816-8526 Compounding Pharmacy (CRX)

Stefan P. Schuber, Ph.D.,
Director, Scientific Reports

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientist

mhs@usp.org (301) 816-8318 Dietary Supplements—
Botanicals (DSB)

Catherine M. Sheehan,
Director, Excipients and
Food Ingredients

cxs@usp.org (301) 816-8262 Food Additives (FA)

Tom Sigambris, M.S.,
Scientist

tzs@usp.org (301) 998-6789

Anita Y. Szajek, Ph.D.,
Senior Scientist

aey@usp.org (301) 816-8325 B&B Blood and Blood Products
(BB BBP)

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientist

rst@usp.org (301) 816-8339 General Toxicity and Medical
Device Biocompatibility
(GTMDB); Microbiology and
Sterility Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientist

yt@usp.org (301) 816-8321 Dietary Supplements—
General Chapters (DS-GC)

Hong Wang, Ph.D.,
Scientist

hw@usp.org (301) 816-8351 Excipient Monographs 2
(EM2); Excipient General
Chapters (EGC)

Andrzej Wilk, Ph.D.,
Scientist

aw@usp.org (301) 816-8305 Radiopharmaceuticals and
Medical Imaging Agents
(RMI); Radiopharmaceutical
Information (RI)

Ahalya Wise,
Scientist

aww@usp.org (301) 816-8607 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientist

kxz@usp.org (301) 816-8269 Aerosols (AER); General
Chapters (GC)
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POLICIES AND
ANNOUNCEMENTS

This section includes information about general scientific and policy issues that may have an impact on USP–NF standards and

processes and announcements about issues being considered by USP. This section also includes publication and comment sche-

dules.
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USP RULES AND PROCEDURES OF THE COUNCIL

OF EXPERTS REVISED, REFLECTING CHANGES

TO THE STANDARDS-SETTING PROCESS.

The 2005-2010 USP Council of Experts has voted to approve

changes to the Rules and Procedures of the 2005-2010 Coun-

cil of Experts. Pursuant to USP’s Bylaws, the revised Rules

and Procedures were made available to USP’s Convention

membership for comment, reviewed and approved by USP’s

Board of Trustees, and formally adopted by the Council of Ex-

perts. The effective date for these changes is January 1, 2008.

Although the revised Rules and Procedures are posted on

USP’s website (http://www.usp.org/aboutUSP/governance/

policies/rulesAndProcedures/), the following summarizes the

changes made to the rules in this 2008 revision:

� Adds Food Chemicals Codex

— Similar to provisions for Pending Standards and

SALMOUS: web-based public notice and comment

— Provisions include processes for expedited and im-

mediate standards where circumstances warrant

— As with USP-NF monographs, generally require that

accompanying Reference Standard be available

� Revises Project Team provision to give Project Teams

more autonomy, decrease involvement of USP staff and

volunteers

� Provides clarification of USP processes regarding the fol-

lowing:

— Intent to revise

— Errata

— Approved for inclusion

— Information monographs (vet and radiopharmaceuti-

cals)

— Harmonized text

— Expansion of FDA Liaison provisions to include

other domestic and foreign government representa-

tives
� Includes other minor corrections/clarifications

Please direct any comments or questions on this topic to Susan

de Mars, Chief Legal Officer (301-816-8296 or sdm@

usp.org).

USP LAUNCHES NEW SERIES OF PROFESSIONAL

EDUCATION COURSES. USP launched a series of

expanded educational offerings recently that provide

pharmaceutical, food, and related industry professionals with

the first and most credible information about new or modified

USP standards. The courses will be available in convenient,

easily accessible, and cost-effective formats to better meet

the needs of industry professionals all over the world.

Formats will include a variety of online opportunities in

addition to traditional classroom training.

These courses will aid companies in their efforts to maintain

compliance with USP–NF standards by providing important

insights and suggestions for implementation. General Chapter

courses are more formal than the e-symposiums, with an open-

ing lecture, self-paced learning content, a classroom assign-

ment, and a follow-up discussion of the assignment via an

online message board, which is moderated by an instructor.

There also is a final examination, with the option to receive

a certificate upon successful completion of the course. Profes-

sionals can participate live, or at a time that is convenient for

them.

All classes will be taught by faculty with significant USP ex-

perience, including members of the Council of Experts and its

Expert Committees, and USP staff. For more information, in-

cluding course schedule information, please visit the Educa-

tion section of the USP website at http://www.usp.org/

education or e-mail ProfessionalEducation@usp.org.

COMMENTARY: IMMEDIATE INTERIM REVISION

ANNOUNCEMENT FOR ALENDRONIC ACID

TABLETS, TITLE CHANGE. The title of this monograph

is being revised from Alendronic Acid Tablets to Alendronate

Sodium Tablets. This title change is based on a request

received subsequent to publication of the ‘‘Implementation

Process for Monograph Naming Policy for Salt Drug

Subs t anc e s i n Drug P roduc t s a nd Compounded

Preparations’’ on the USP website at http://www.usp.org/

USPNF/notices/generalChapter1121.html. The relevant

portion of that Implementation Process document is as

follows: ‘‘Cancel, upon request, any USP-proposed dosage

form monograph title that (1) was proposed before 1 March

2007, but is not yet official, and (2) differs from the interim

established name for that dosage form, and propose a new

monograph title that conforms to the interim established

name with respect to active moiety/salt title/strength

terminology, except in cases where safety issues are

involved. The Nomenclature Expert Committee (NOM EC)

will review such safety issue cases on an individual basis.’’

The Implementation Process further indicates that in this

period between 1 March 2007 and 1 May 2013 (the official

date of implementation of the new Monograph Naming

Policy for Salt Drug Substances in Drug Products and

Compounded Preparations), USP strongly encourages

industry to adopt titles conforming to the Policy to increase

consistency and to decrease practitioners’ confusion.

The title ‘‘Alendronic Acid Tablets’’ was presented in USP 28,

when the monograph first became official, and was scheduled

to become mandatory on May 1, 2008 (see Revision Bulletin

at http://www.usp.org/USPNF/notices/alendronicAcidTa-

blets.html, posted on June 14, 2006). The proposal to imple-

ment the title ‘‘Alendronic Acid Tablets’’ is now canceled. The

use of the title ‘‘Alendronate Sodium Tablets’’ becomes man-

datory on February 1, 2008. Please direct any comments or

questions to Dr. W. Larry Paul, Scientific Fellow and Scientific

Liaison to the Nomenclature Expert Committee (301-816-

8331 or wlp@usp.org).
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INTERIM REVISION ANNOUNCEMENT FOR

OXYBUTYNIN CHLORIDE, DEFINITION. The upper

limit in the Definition is revised from ‘‘not more than 101.0

percent’’ to ‘‘not more than 102.0 percent’’, which is typical

for chromatographic procedures. This revision follows the

recent methodology change from a titration assay to an

HPLC assay. Please direct any comments or questions to Dr.

Elena Gonikberg, Senior Scientist and Scientific Liaison to the

MD-GRE Expert Committee (301-816-8251 or eg@usp.org.)

RESIDUAL SOLVENTS: GENERAL NOTICES AND

GENERAL CHAPTER h467i—IMPLEMENTATION

DATE DELAYED. The Executive Committee of the

Council of Experts has delayed the implementation date for

the requirements related to USP General Chapter h467i from
July 1, 2007 to July 1, 2008.

According to this decision, the implementation date of the sec-

tion on Residual Solvents in the General Notices and Require-

ments and the change in the title of General Chapter h467i
from Organic Volatile Impurities to Residual Solvents will

be delayed from July 1, 2007 to July 1, 2008. Additionally,

the section in h467i titledOther Analytical Procedures, origin-
ally slated to be deleted at the time when the title changes, will

be kept in the chapter until the new implementation date. Spe-

cifications for Organic Volatile Impurities h467i in USP–NF

monographs will remain official until July 1, 2008. After July

1, 2008, the change in the title of General Chapter h467i and
the General Notices and Requirements statement on Residual

Solvents will be effective, and references to Organic Volatile

Impurities will be deleted from monographs.

Please direct any questions to Horacio Pappa, Ph.D., Senior

Scientist (301-816-8319 or hp@usp.org).

USP CATALOG AVAILABLE. The USP Catalog is

available in online and stand-alone print versions. Online

b imonth ly and dai ly ca ta logs can be accessed a t

www.usp.org/referenceStandards/catalog.html. You can also

sign up to receive the USP Catalog in print (via postal mail)

along with monthly email alerts—which will keep you

informed about new Reference Standards, availability, and

current lots—by sending an e-mail to marketing@usp.org or

by calling 301-816-8237.

STIMULI ARTICLES POSTED ON USP’S WEBSITE.

The Stimuli articles that are published in Pharmacopeial

Forum are simultaneously published on USP’s website.

Look for them at h t tp : / /www.usp .org /USPNF/pf /

whatsInside.html. For more information about Stimuli

articles, please contact Stefan Schuber, Ph.D., Director,

Scientific Reports (301-816-8551 or sps@usp.org).

VISIT THE USP WEBSITE AT http://www.usp.org.
Various resources related to Pharmacopeial standards are
presented. Highlights from PF, Notices relating to USP–NF,
USP policies, Commentary on upcoming official revisions,
and Reference Standard information are some of the items to
be found there.

PHARMACOPEIAL FORUM PUBLIC REVIEW AND

COMMENT PERIOD DEADLINES. The USP welcomes

and encourages interested parties to submit comments and

data regarding potential, proposed, or adopted (official)

standards. In accordance with the Rules and Procedures of

the 2005–2010 Council of Experts, USP has implemented a

90-day comment period by providing a deadline for each

issue of PF unless otherwise stated in the individual

Briefing. The comment period deadlines and the targeted

official publications are listed below.

Pharmacopeial Forum Comment Deadline
Targeted Official

Publication Publication Date Official Date

PF 33(6) February 15, 2008 USP 32–NF 27 November 2008 May 2009

PF 34(1) April 15, 2008

PF 34(2) June 15, 2008 USP 32–NF 27
1st Supplement

February 2009 August 2009

PF 34(3) August 15, 2008

PF 34(4) October 15, 2008 USP 32–NF 27
2nd Supplement

June 2009 December 2009

PF 34(5) December 15, 2008

PF 34(6) February 15, 2009 USP 33–NF 28 November 2009 May 2010

PF 35(1) April 15, 2009
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All official revisions are published in the annual edition or

Supplements to USP–NF (twice yearly). Between these publi-

cations, official revisions are published in PF in the Interim

Revision Announcement; these revisions are also incorporated

in the upcoming Supplement. The official publication in which

an IRA is incorporated will depend upon publication dead-

lines. The IRAs appearing in PF Numbers 5 and 6 of each vol-

ume will not appear until Supplement 1. See table below. The

electronic version of USP–NF is updated as each Supplement

becomes available and, therefore, contains all official text up

to and including the contents of the latest Supplement. The ta-

ble below outlines the publications and their release and offi-

cial dates, and the book or Supplement that supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

2nd Supplement to USP 30–NF
25

June 1, 2007 Dec. 1, 2007 USP 31–NF 26

IRA [PF 33(4)] July 1, 2007 Aug. 1, 2007 USP 31–NF 26

IRA [PF 33(5)] Sept. 1, 2007 Oct. 1, 2007 1st Supplement to USP 31–NF
26

IRA [PF 33(6)] Nov. 1, 2007 Dec. 1, 2007 1st Supplement to USP 31–NF
26

USP 31–NF 26 Nov. 1. 2007 May 1, 2008 1st Supplement to USP 31–NF
26

IRA [PF 34(1)] Jan. 1, 2008* Feb. 1, 2008* 2nd Supplement to USP 31–NF
26

1st Supplement to USP 31–NF
26

Feb. 1, 2008* Aug. 1, 2008* 2nd Supplement to USP 31–NF
26

IRA [PF 34(2)] Mar. 1, 2008* Apr. 1, 2008* 2nd Supplement to USP 31–NF
26

IRA [PF 34(3)] May 1, 2008* June 1, 2008* USP 32–NF 27

2nd Supplement to USP 31–NF
26

June 1, 2008* Dec. 1, 2008* USP 32–NF 27

IRA [PF 34(4)] July 1, 2008* Aug. 1, 2008* USP 32–NF 27

IRA [PF 34(5)] Sept. 1, 2008* Oct. 1, 2008* 1st Supplement to
USP 32–NF 27

IRA [PF 34(6)] Nov. 1, 2008* Dec. 1, 2008* 1st Supplement to
USP 32–NF 27

* Tentative.

PRIORITY NEWMONOGRAPH ITEMS. USP is seeking

monographs for the following drug substances and drug pro-

ducts that are or soon will be off patent and thus are of the

highest priority. USP also is seeking monographs for the ex-

cipients listed below. Monographs are marked received upon

receipt of the monograph proposal. Received monographs are

removed from this list upon publication in Pharmacopeial

Forum. (This list has been updated as of October 16, 2007.)

For the most current list, please consult the Priority New

Monograph Items List posted at http://www.usp.org/USPNF/

submitMonograph/newMon.html.

Monograph sponsors should consult USP’s Guideline for Sub-

mitting Requests for Revision to the USP–NF.

For additional information, contact Karen A. Russo, Ph.D.,

kar@usp.org.
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Small Molecules (Drug Substances)

Alfuzosin Hydrochloride
(Received)

Allopurinol Sodium Aminopropazine Fumarate

Aminopterin Sodium Amlodipine Maleate Anagrelide Hydrochloride
(Received)

Arsenic Trioxide Auranfoin Azelaic Acid

Balsalazide Disodium Bentoquatam Benzphetamine Hydrochloride

Bivalirudin Cabergoline
(Received)

Calcipotriene

Calcium Trisodium Pentetate Calfactant Candesartan Cilexetil
(Received)

Carmustine
(Received)

Cefdinir
(Received)

Cefditoren Pivoxil

Ceftibuten Ceftiofur Hydrochloride
(Received)

Cetrorelix

Cevimeline Chloroxine Choline Salicylate

Cysteamine Bitartrate Cytarabine Liposome Dalfopristin

Dapirazole Hydrochloride Desirudin Desonide
(Received)

Dexrazoxane Dextromethorphan Polistirex Difenoxin Hydrochloride

Difloxacin Hydrochloride Entacapone
(Received)

Epoprostenol Sodium
(Received)

Erythromycin Phosphate Erythromycin Thiocyanate Esmolol Hydrochloride

Estazolam Estramustine Phosphate Sodium Ethanolamine Oleate

Etomidate
(Received)

Etoposide Phosphate Exemestane

Famciclovir Felbamate Flavoxate Hydrochloride
(Received)

Fluoromethane F 18 Foscarnet Sodium
(Received)

Fosfomycin Tromethamine
(Received)

Gadobenate Dimeglumine Gadopentetic Acid Gallium Nitrate

Ganirelix Glyceryl Aminobenzoate Granisetron Hydrochloride
(Received)

Guanidine Hydrochloride Halobetasol Propionate
(Received)

Haloperidol Decanoate
(Received)

Hydrocodone Polistirex Ibandronate Sodium Imipramine Pamoate

Imiquimod Irinotecan Isosulfan Blue

Itraconazole
(Received)

Lamotrigine
(Received)

Latanoprost

Levetiracetam
(Received)

Lomustine
(Received)

Lopinavir

Metipranolol Hydrochloride Midazolam
(Received)

Mifepristone
(Received)

Miglitol Milrinone Lactate Misoprostol
(Received)

Moexipril Hydrochloride Nalbuphine Hydrochloride Nalmefene Hydrochloride

Nateglinide
(Received)

Nedocromil Sodium Nicardipine Hydrochloride

Nilutamide Nisoldipine Olopatadine
(Received)

Olsalazine Sodium
(Received)

Orbifloxacin
(Received)

Orlistat
(Received)

Oxcarbazepine
(Received)

Oxiconazole Nitrate Pantoprazole Sodium
(Received)

Pemirolast Potassium Pentamidine Isethionate
(Received)

Piperonyl Butoxide

Pirbuterol Acetate Poractant Alpha Porfimer Sodium

Pramiprexole Dihydrochloride Proguanil Hydrochloride
(Received)

Quetiapine Fumarate
(Received)

Ranitidine Rivastigmine Tartrate
(Received)

Rocuronium Bromide
(Received)

Ropinirole Hydrochloride Rose Bengal Disodium Rosiglitazone Maleate

Salmeterol Xinafoate Sertraline Hydrochloride
(Received)

Sibutramine Hydrochloride
(Received)
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Small Molecules (Drug Substances) (Continued)

Sodium Phenylbutyrate Sodium Phosphates Spectinomycin Sulfate

Streptozocin Tacrolimus
(Received)

Tenofovir Disoproxil Fumarate

Terconazole
(Received)

Tiludronate Disodium Tiopronin

Trandolapril
(Received)

Tranexamic Acid
(Received)

Tranylcypromine Sulfate

Trimetrexate Glucuronate Venlafaxine Hydrochloride Voriconazole
(Received)

Zaleplon Zinc Tridosium Pentetate Zoledronic Acid

Zonisamide
(Received)

Small Molecules (Drug Products)

Abacavir Sulfate, Lamivudine, and Zidovu-
dine Tablets

Acarbose Tablets Acetaminophen, Butalbital, Caffeine, and Co-
deine Phosphate Capsules

Acetaminophen, Clemastine Fumarate and
Pseudoephedrine Hydrochloride Tablets

Acetazolamide Extended-Release Capsules Albuterol and Ipratroprium Bromide Inhala-
tion Solution

Albuterol Extended-Release Tablets Albuterol for Inhalation Albuterol Inhalation Aerosol

Albuterol Sulfate Inhalation Solution Albuterol Sulfate Oral Solution Alendronate Sodium Oral Solution

Alfuzosin Tablets Allopurinol for Injection Alprazolam Extended-Release Tablets

Alprostadil Urethral Suppository Aminopropazine Fumarate and Neomycin
Sulfate Tablets

Aminopropazine Fumarate Injection

Aminopropazine Fumarate Tablets Aminopterin Sodium Tablets Amiodarone Hydrochloride Injection

Amlodipine and Benazepril Hydrochloride
Capsules

Amlodipine Maleate Tablets Amphotericin B Injection

Anagrelide Hydrochloride Capsules
(Received)

Arsenic Trioxide Injection Atovaquone and Proguanil Hydrochloride
Tablets

Atovaquone Tablets Auranofin Capsules Azatadine Maleate and Pseudoephedrine Sul-
fate Extended-Release Tablets

Azelaic Acid Cream Azithromycin for Injection
(Received)

Azithromycin Tablets

Baclofen Injection Balsalazide Disodium Capsules Beclomethasone Dipropionate Inhalation
Aerosol

Beclomethasone Dipropionate Nasal Sus-
pension

Benazepril Hydrochloride and Hydrochlor-
othiazide Tablets

Bentoquatam Topical Suspension

Benzocaine and Cetylpyridinium Chloride
Lozenges

Benzocaine and Menthol Lotion Benzphetamine Hydrochloride Tablets

Bicalutamide Tablets
(Received)

Bivalirudin Injection Brompheniramine Maleate, Dextromethor-
phan Hydrobromide, and Pseudoephedrine
Hydrochloride Oral Solution

Budesonide Inhalation Aerosol Bupivacaine and Lidocaine Hydrochlorides
Injection

Buprenorphine Hydrochloride Injection

Butalbital and Acetaminophen Capsules Butalbital and Acetaminophen Tablets Cabergoline Tablets
(Received)

Calcipotriene Cream Calcipotriene Ointment Calcipotriene Topical Solution

Calcitriol Capsules Calcitriol Oral Solution Calcium Acetate Capsules

Calcium Trisodium Pentetate Injection Calfactant Intratracheal Suspension Carbidopa and Levodopa Extended-Release
Tablets
(Received)

Carbidopa and Levodopa Tablets for Oral
Suspension
(Received)

Carbidopa, Levidopa, and Entacapone
Tablets

Carmustine for Injection
(Received)

Carmustine Implant Cefdinir Tablets Cefditoren Pivoxil Tablets

Ceftibuten Capsules Ceftibuten for Oral Suspension Ceftiofur Hydrochloride Oral Suspension

Cetirizine Hydrochloride Oral Solution
(Received)

Cetirizine Hydrochloride Tablets
(Received)

Cetrorelix Injection

Cevimeline Hydrochloride Capsules Chloroxine Cream Chlorpromazine Hydrochloride Extended-
Release Capsules

Choline and Magnesium Salicylates Oral
Solution

Choline and Magnesium Salicylates Tablets Choline Salicylate Oral Solution
(Received)
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Small Molecules (Drug Products) (Continued)

Ciclopirox Shampoo Ciclopirox Topical Gel Ciclopirox Topical Solution
(Received)

Cimetidine Oral Solution Ciprofloxacin Hydrochloride and Hydrocor-
tisone Otic Suspension

Ciprofloxacin Otic Solution

Citalopram Hydrobromide Oral Solution Citric Acid, Gluconolactone, and Magne-
sium Carbonate Irrigation

Cladribine Injection

Clemastine Fumarate Syrup Clobetasol Propionate Gel Clonazepam Orally-Disintegrating Tablets

Clorazepate Dipotassium Capsules Clorazepate Dipotassium Extended-
Release Tablets

Clotrimazole and Betamethasone Dipropio-
nate Lotion

Compound Undecylenic Acid Cream Compound Undecylenic Acid Topical Pow-
der

Conjugated Estrogens and Medroxyproges-
terone Acetate Tablets

Cromolyn Sodium Nasal Solution Cyclosporine Modified Capsules Cyclosporine Modified Oral Solution

Cyclosporine Ointment Cyclosporine Topical Solution Cysteamine Bitartrate Capsules

Cytarabine Liposome Injection Dalfopristin and Quinupristin Injection Dantrolene Sodium Oral Suspension

Dapiprazole for Ophthalmic Solution Desirudin for Injection Desonide Cream

Dexrazoxane for Injection Dextroamphetamine Sulfate Extended-
Release Capsules

Dextromethorphan Polistirex Extended-
Release Oral Suspension

Diazepam Injectable Emulsion Diclofenac Sodium Ophthalmic Solution Diethylpropion Hydrochloride Extended-
Release Tablets

Difenoxin and Atropine Tablets Difloxacin Hydrochloride Tablets Dihydroergotamine Mesylate Metered Spray

Diltiazem Hydrochloride Injection Dinoprostone Vaginal Suppositories Diphenhydramine Hydrochloride and Aceta-
minophen Tablets

Divalproex Sodium Delayed-Release Cap-
sules

Dorzolamide and Timolol Ophthalmic Solu-
tion

Dorzolamide Ophthalmic Solution

Doxepin Hydrochloride Cream Doxycycline Oral Gel Econazole Nitrate Cream

Edrophonium Chloride and Atropine Sul-
fate Injection

Enalapril Maleate and Diltiazem Malate Ex-
tended-Release Tablets

Enalapril Maleate and Felodipine Extended-
Release Tablets

Enalaprilat Injection
(Received)

Entacapone Tablets Ephedrine Sulfate and Guaifenesin Tablets

Epoprostenol for Injection Epoprostenol Injection Esmolol Hydrochloride Injection

Esomeprazole Magnesium Capsules Estazolam Tablets Estramustine Phosphate Sodium Capsules

Ethanolamine Oleate Injection Etidronate Disodium Injection Concentrate Etomidate Injection

Exemestane Tablets Famciclovir Tablets Famotidine Orally Disintegrating Tablets

Felbamate Oral Suspension Felbamate Tablets Fentanyl Lozenges

Fentanyl Transdermal System
(Received)

Ferrous Fumarate and Docusate Sodium Ex-
tended-Release Capsules

Flavoxate Hydrochloride Tablets
(Received)

Fluconazole Injection
(Received)

Fluconazole Tablets
(Received)

Flunisolide Inhalation Aerosol

Flunisolide Nasal Spray Fluocinolone Acetonide Shampoo Fluorescein Sodium Ophthalmic Solution

Fluorometholone Ointment Fluticasone Propionate Cream
(Received)

Fluticasone Propionate Inhalation Powder

Fluticasone Propionate Ointment
(Received)

Fluticasone Propionate Pressurized Inhaler Foscarnet Sodium Injection

Fosfomycin for Oral Solution Gabapentin Oral Solution Gadobenate Dimeglumine Injection

Gallium Nitrate Injection Ganciclovir Capsules Ganirelix Acetate Injection

Gatifloxacin Injection Gatifloxacin Tablets Gentamicin Sulfate Oral Solution

Gentamicin Sulfate Soluble Powder Glipizide Extended-Release Tablets Granisetron Injection
(Received)

Granisetron Tablets
(Received)

Guaifenesin and Pseudoephedrine Hydro-
chloride Extended-Release Tablets

Guaifenesin and Salts Of Dextromethorphan
and Pseudoephedrine Oral Solution

Guanidine Hydrochloride Tablets Halobetasol Propionate Cream Halobetasol Propionate Ointment

Haloperidol Decanoate Injection Haloperidol Lactate Injection Haloperidol Lactate Oral Concentrate

Hydralazine Hydrochloride and Hydro-
chlorothiazide Capsules

Hydrochlorothiazide Capsules Hydrochlorothiazide Oral Solution Concen-
trate

Hydrocodone Bitartrate and Acetamino-
phen Capsules

Hydrocodone Bitartrate and Acetaminophen
Oral Solution

Hydrocodone Bitartrate and Aspirin Tablets

Hydrocodone Bitartrate and Guaifenesin
Oral Solution

Hydrocodone Bitartrate and Homatropine
Methylbromide Syrup

Hydrocortisone Acetate Dental Paste

Hydrocortisone Acetate Rectal Foam Aero-
sol

Hydrocortisone Butyrate Lotion Hydroflumethiazide and Reserpine Tablets

Hydromorphone Hydrochloride Oral Solu-
tion
(Received)

Hydroquinone Lotion Ibandronate Sodium Tablets
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Small Molecules (Drug Products) (Continued)

Ibuprofen Capsules Idarubicin Hydrochloride Injection Imipramine Pamoate Capsules

Imiquimod Topical Cream Ipratropium Bromide Inhalation Aerosol Ipratropium Bromide Inhalation Solution

Irinotecan Hydrochloride Injection Isosulfan Blue Injection Isradipine Extended-Release Tablets

Itraconazole Injection Itraconazole Oral Solution Ketoconazole Cream

Ketoconazole Shampoo Ketoprofen Capsules
(Received)

Ketoprofen Extended-Release Capsules

Ketoprofen Tablets Ketotifen Fumarate Ophthalmic Solution Lactic Acid Lotion

Lamivudine Tablets
(Received)

Lamotrigine Tablets Latanoprost Ophthalmic Solution

Leucovorin Calcium for Injection Levetiracetam Tablets Levocabastine Ophthalmic Suspension

Levofloxacin Solution Lincomycin Hydrochloride and Spectino-
mycin Sulfate Soluble Powder

Liothyronine Injection

Lisinopril and Hydrochlorothiazide Tablets
(Received)

Lomustine Capsules Lopinavir and Ritonavir Solution

Lopinavir Capsules Lopinavir Solution Loratadine Orally-Disintegrating Tablets
(Received)

Losartan Potassium Tablets Mefloquine Hydrochloride Tablets Melphalan for Injection

Mesalamine Suppositories Mesoridazine Besylate Concentrate Metaraminol Bitartrate Injection

Methacholine Chloride for Inhalation Solu-
tion

Methadone Hydrochloride Oral Concentrate Methocarbamol and Aspirin Tablets

Methoxsalen Softgels Methyclothiazide and Deserpidine Tablets Methylphenidate Hydrochloride Chewable
Tablets

Metipranolol Ophthalmic Solution Metronidazole Capsules
(Received)

Metronidazole Cream

Metronidazole Extended-Release Tablets Metronidazole Hydrochloride for Injection Metronidazole Lotion

Miconazole Nitrate Topical Aerosol Midazolam Injection
(Received)

Mifepristone Tablets

Miglitol Tablets Milrinone Injection Misoprostol Tablets
(Received)

Moexipril Hydrochloride and Hydrochlor-
othiazide Tablets

Moexipril Hydrochloride Tablets Molindone Hydrochloride Oral Solution

Morphine Sulfate for Injection Concentrate Morphine Sulfate Oral Solution Morphine Sulfate Oral Solution Concentrate

Morphine Sulfate Tablets Mycophenolate Mofetil Capsules Mycophenolate Mofetil Oral Solution

Mycophenolate Mofetil Tablets Nalbuphine Hydrochloride Injection Nalmefene Hydrochloride Injection

Naphazoline Hydrochloride and Phenira-
mine Maleate Ophthalmic Solution

Naproxen Extended-Release Tablets

Nateglinide Tablets Nedocromil Sodium Inhalation Aerosol Neomycin Sulfate Oral Powder

Nicardipine Hydrochloride Capsules Nilutamide Tablets Nimodipine Capsules

Nisoldipine Extended-Release Tablets Nitroglycerin Extended-Release Transder-
mal Film

Nitroglycerin Solution in Acrylic Adhesive

Nitroglycerin Transdermal System Nizatidine Tablets Ofloxacin in Dextrose Injection

Ofloxacin Injection Olopatadine Ophthalmic Solution
(Received)

Olsalazine Sodium Capsules

Ondansetron Tablets
(Received)

Orbifloxacin Tablets
(Received)

Orphenadrine Citrate Extended-Release
Tablets
(Received)

Orphenadrine Citrate, Aspirin, and Caffeine
Tablets

Oxcarbazepine Suspension Oxcarbazepine Tablets

Oxiconazole Cream Pamidronate Disodium Injection Pantoprazole Sodium for Injection

Pantoprazole Sodium Tablets Paroxetine Hydrochloride Extended-
Release Tablets

Paroxetine Oral Suspension

Pemirolast Potassium Ophthalmic Solution Penicillin G Potassium Tablets for Oral So-
lution

Pentamidine Isethionate for Inhalation

Pentamidine Isethionate Injection
(Received)

Pentazocine Hydrochloride and Acetamino-
phen Tablets

Phendimetrazine Tartrate Extended-Release
Capsules

Phenobarbital Capsules Phentermine Resin Complex Capsules Phenylephrine Hydrochloride and Chlorphe-
niramine Maleate Extended-Release Capsules

Phenylephrine Hydrochloride, Chlorphenir-
amine Maleate, and Acetaminophen Ex-
tended-Release Tablets

Pilocarpine Hydrochloride Ophthalmic Gel Pilocarpine Hydrochloride Ophthalmic Oint-
ment

Pilocarpine Hydrochloride Tablets
(Received)

Piperonyl Butoxide and Pyrethrins Aerosol
Foam

Pirbuterol Acetate Inhalation Aerosol

Poractant Alpha Supension Porfimer Sodium for Injection Povacrylate Solution
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Small Molecules (Drug Products) (Continued)

Povacrylate–Iodine Topical Solution Povidone–Iodine Gauze Povidone–Iodine Swabsticks

Povidone–Iodine Topical Aerosol Foam Povidone–Iodine Vaginal Suppositories Pramipexole Dihydrochloride Tablets

Prednisolone Sodium Phosphate Oral Solu-
tion

Prochlorperazine Maleate Extended-
Release Capsules

Progesterone Capsules

Promethazine and Phenylephrine Hydro-
chlorides and Codeine Phosphate Syrup

Promethazine and Phenylephrine Hydro-
chlorides Syrup

Promethazine Hydrochloride and Codeine
Phosphate Oral Solution

Promethazine Hydrochloride and Dextro-
methorphan Hydrobromide Syrup

Propafenone Hydrochloride Tablets Pseudoephedrine Hydrochloride and Brom-
pheniramine Maleate Extended-Release
Tablets

Pseudoephedrine Hydrochloride and Na-
proxen Sodium Extended-Release Tablets

Pseudoephedrine Hydrochloride, Chlorphe-
niramine Maleate, and Codeine Phosphate
Oral Solution

Pseudoephedrine Hydrochloride, Guaifene-
sin, and Codeine Phosphate Oral Solution

Pseudoephedrine Sulfate and Dexbromphe-
niramine Maleate Extended-Release Tablets

Pseudoephedrine Sulfate and Dexbromphe-
niramine Maleate Oral Solution

Pseudoephedrine Sulfate, Dexbromphenira-
mine Maleate, and Acetaminophen
Extended-Release Tablets

Pyrilamine Maleate Injection Quinapril Hydrochloride and Hydrochlor-
othiazide Tablets

Quinidine Sulfate Injection

Ramipril Capsules Ranitidine Capsules Rauwolfia Serpentina and Endroflumethia-
zide Tablets

Reserpine and Polythiazide Tablets Rimantadine Hydrochloride Oral Solution Risperidone Oral Solution
(Received)

Risperidone Orally Disintegrating Tablets Rivastigmine Tartrate Capsules
(Received)

Rivastigmine Tartrate Oral Solution
(Received)

Rocuronium Bromide Injection Ropinirole Hydrochloride Tablets Rosiglitazone Maleate Tablets

Salicylic Acid and Sulfur Cleansing Lotion Salicylic Acid and Sulfur Lotion Salicylic Acid and Sulfur Shampoo

Salicylic Acid Cream Salicylic Acid Ointment Salmeterol Inhalation Aerosol

Salmeterol Xinafoate Inhalation Powder Scopolamine Transdermal System Selegiline Hydrochloride Capsules

Sertraline Hydrochloride Oral Solution Sibutramine Hydrochloride Capsules Sodium Bicarbonate and Sodium Citrate for
Oral Solution

Sodium Bicarbonate, Sodium Citrate, and
Sodium Tartrate for Oral Suspension

Sodium Iodide Injection Sodium Phenylbutyrate Oral Powder

Sodium Phenylbutyrate Tablets Sodium Phosphates for Oral Suspension Sodium Phosphates Tablets

Sodium Salicylate and Sulfur Shampoo Sterile Talc Aerosol Streptozocin for Injection

Sucralfate Oral Suspension Sulconazole Nitrate Cream Sulfacetamide Sodium and Fluorometholone
Ophthalmic Suspension

Sulfacetamide Sodium and Prednisolone
Sodium Phosphate Ophthalmic Solution

Sulfasalazine Oral Suspension Sulisobenzone Lotion

Sumatriptan Injection Sumatriptan Tablets Tacrolimus Capsules
(Received)

Tacrolimus Injection Tacrolimus Ointment Tamsulosin Hydrochloride Capsules
(Received)

Technetium Tc 99M Teboroxime Injection Tenofovir Disoproxil Fumarate Tablets Terazosin Capsules

Terazosin Tablets Terbinafine Hydrochloride Cream Terbinafine Tablets
(Received)

Terbinafine Topical Solution Terconazole Vaginal Cream Terconazole Vaginal Suppositories

Testosterone Transdermal System Tetracycline Hydrochloride Periodontal
Fiber

Theophylline Extended-Release Tablets

Tioconazole Vaginal Ointment Tiopronin Tablets Tolnaftate Topical Aerosol Solution

Topiramate Capsules
(Received)

Topiramate Tablets
(Received)

Torsemide Injection

Torsemide Tablets
(Received)

Trandolapril and Verapamil Hydrochloride
Extended-Release Tablets

Trandolapril Tablets

Tranexamic Acid Injection Tranylcypromine Sulfate Tablets Tretinoin Capsules

Tretinoin Microsphere Gel Triamcinolone Acetonide Nasal Suspension Trifluridine Ophthalmic Solution

Trimetrexate for Injection Trimipramine Maleate Capsules Triprolidine and Pseudoephedrine Hydro-
chlorides and Codeine Phosphate Syrup

Trolamine Salicylate Cream Trolamine Salicylate Gel Trolamine Salicylate Topical Emulsion

Undecylenic Acid Topical Foam Aerosol Urea Cream Vecuronium Bromide for Injection

Venlafaxine Extended-Release Capsules
(Received)

Venlafaxine Tablets Verapamil Hydrochloride Capsules

Verapamil Hydrochloride Extended-
Release Capsules

Voriconazole Injection Voriconazole Oral Suspension

Voriconazole Tablets Yttrium Y-90 Chloride Solution Yttrium Y-90 Glass Microspheres
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Small Molecules (Drug Products) (Continued)

Yttrium Y-90 Microspheres Injection Zaleplon Capsules Zidovudine and Lamivudine Tablets
(Received)

Zinc Acetate Capsules Zinc Tridosium Pentetate Injection Ziprasidone Hydrochloride Capsules

Zoledronic Acid for Injection Zonisamide Capsules

Excipients

Acetone Sodium Bisulfite Acetylated Monoglycerides Aconitic Acid (Achilleic Acid)

Acrylic Acid–Octyl Acrylate Copolymer Albumin Colloidal Aliphatic Polyesters

Allantoin-Sodium Pyrrolidone Carboxylate Aluminum Ammonium Sulfate Aluminum Lactate

Aluminum Oxide Aluminum Potassium Sulfate Aluminum Silicate

Aluminum Sodium Sulfate Aluminum Stearate Ammonium Bicarbonate

Ammonium Calcium Alginate Ammonium Phosphate Batylalcohol Monostearate

Beeswax, Synthetic Benzododecinium Bromide Benzyl Chloride

Benzyl Nicotinate Beta Naphthol Brominated Vegetable Oil

Butadiene–Styrene Rubber Butylated Hydromethylphenol Butylene Glycol

Butylphthalyl Butylglycolate Calcium Acid Pyrophosphate Calcium Alginate

Calcium Alginate and Ammonium Alginate Calcium Bromide Calcium Chloride Solution

Calcium Phosphate Monobasic Calcium Propionate Calcium Pyrophosphate

Calcium Sorbate Calcium Stearoyl Lactylate Caldiamide Sodium

Calteridol Calcium Capric Acid Caprylic/Capric Diglyceryl Succinate

Carbon Carboxymethyl Starch Carboxymethylamylopectin Sodium

Carboxymethylcellulose Potassium Cetostearyl Isononanoate Chlorodifluoroethane

Cholic Acid Cinnamaldehyde Cocamide Diethanolamine

Cocamide Oxide Cocoyl Caprylocaprate Crystal Gum

Cutina Cystine Dammar Gum

Decanoic Acid Decyl Oleate Desoxycholic Acid

Dextrin Palmitate Dextrins Modified Diacetyl Tartaric Acid Esters of Mono- and
Diglycerides

Dicetyl Phosphate Dichlorofluoromethane Diethyl Sebacate

Difluoroethane Diglycol Stearate Diisobutyl Adipate

Diisopropyl Adipate Diisopropylbenzothiazyl-2-sulfenamide Dilauryl Thiodipropionate

Dimethyl Dicarbonate Dimyristoyl Lecithin Dimyristoyl Phosphatidylglycerol

Dipropylene Glycol Disodium Edisylate Disodium Guanylate

Disodium Inosinate Disodium Monooleamide Sulfasuccinate D-Mannose

Docusate Sodium/Sodium Benzoate Erythorbic Acid
(Received)

Erythrosine

Ethoxylated Mono- and Diglycerides Ethoxyquin Ethyl Hexanediol

Ethyl Linoleate Ethyl Maltol Ethylene Dichloride

Ethylurea Ferric Ammonium Citrate Ferric Citrate

Ferric Oxide, Brown Ferric Phosphate Ferric Pyrophosphate

Ferrous Citrate Ferrous Glycinate Ferrous Lactate

Fluorochlorohydrocarbons Formic Acid Furcelleran

Gentistic Acid Geraniol Glutamic Acid Hydrochloride

Gluten Glycerol Ester of Gum Rosin (Ester Gum) Glyceryl Laurate

Glyceryl Palmitate Glyceryl Ricinoleate Glyceryl Tristearate

Glycine Hydrochloride Glycofurol Glycol Stearate

Heptafluoropropane Heptylparaben Hexadecyl Isostearate

Hexane Hexanetriol(-1,2,6-) Hydrocarbon Gel

Hydroxyethylmethylcellulose Hydroxylated Lecithin Indigotine

Iron Carbonyl Iron Subcarbonate Isobutylated–Isoprene Copolymer

Isooctylacrylate Isopropyl Isostearate Isopropyl Stearate

Isostearic Acid Isostearyl Alcohol Lactobionic Acid

Lactose Ferrin, Bovine Lactylated Fatty Acid Esters of Glycerol and
Propylene Glycol

Lactylic Esters of Fatty Acids

Lanolin (Wool Fat), Hydrogenated Lanolin Alcohols, Acetylated Lanolin Hydrous

L-Ascorbyl Stearate Lauramine Oxide Lauric Myristic Diethanolamide

Lauric Acid Lauric Diethanolamide Lavender Oil

L-Cysteine Monohydrochloride Lecithin, Hydroxylated L-Glutamic Acid
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Excipients (Continued)

Linoleic Acid
(Received)

L-Leucine Macrogol Sorbitan Tristearate

Macrogolglycerol Cocoates Macrogolglycerol Triisostearate Magnesium Aluminum Silicate Hydrate

Magnesium Aspartame Dihydrate Magnesium Aspartate Magnesium Phosphate Tribasic

Magnesium Phosphate, Diabasic, Trihy-
drate

Magnesium Tartrate Malt Syrup

Maltitol Syrup Maltol Isobutyrate Manganese Chloride

Manganese Citrate Manganese Glycerophosphate Manganese Hypophosphite

Medical Antifoam Emulsion C Medronate Disodium Medronic Acid

Methyl Chloride Methylchloroisothiazolinone Methylisothiazolinone

Microcrystalline Cellulose, Silicified
(Received)

Mineral Spirits Monoisostearyl Glyceryl Ester

Monopotassium Glutamate Monohydrate Monosodium Citrate Mullein Leaf

Myristyl Gamma-Picolinium Chloride Myristyl Lactate N,N-Bis(2-hydroxyethyl)stearamide

N-Acetyl-L- Methionine Naphtha N-Methylpyrrolidone
(Received)

Non-Pareil Seeds Nutmeg Oil Octanoic Acid

Oxystearin Palm Kernel Oil
(Received)

Pentasodium Triphosphate

Pentetate Calcium Trisodium Pentetate Pentasodium Phenprobamate

Phenylmercuric Acetate Phenylmercuric Nitrate Pine Oil

Polacrilin Polyglycerol Esters of Fatty Acids Polyglycerol Polyricinoleic Acid

Polyoxyethylene Castor Oil (USP has 35) Polyoxyl Stearate (USP has 40) Polypropylene Oleate

Polypropylene Stearyl Ether Polysorbate 65 Polyvinylacetal Diethylanoacetate

Polyvinylpolypyrrolidone Polyvinylpyrrolidone Ethylcellulose Potassium Acid Tartrate

Potassium Bromate Potassium Carbonate Solution Potassium Dichloroisocyanurate

Potassium Gibberellate Potassium Glycerophosphate Potassium Iodate

Potassium Nitrite Potassium Phosphate Potassium Phosphate Tribasic

Potassium Polymetaphosphate Potassium Pyrophosphate Potassium Stearate

Potassium Sulfate Potassium Sulfite Potassium Tripolyphosphate

Propyl Propionate Propylene Glycol Diacetate Propylene Glycol Mono- and Diesters

Rice Bran Wax Rosin Silicone

Sodium Acid Pyrophosphate Sodium Aluminosilicate
(Received)

Sodium Aluminum Phosphate Acidic

Sodium Aluminum Phosphate Basic Sodium Aspartate Sodium Bisulfate

Sodium Bisulfite Sodium Carbonate Hydrate Sodium Carboxymethyl Betaglucan

Sodium Caseinate Sodium Chlorate Sodium Citrate, Dibasic

Sodium Citrate, Monobasic Sodium Dehydroacetate Sodium Diacetate

Sodium Erythorbate Sodium Ferric Pyrophosphate Sodium Ferrocyanide

Sodium Hypophosphite Sodium Laureth Sulfate Sodium Lauroyl Sarcosinate

Sodium Lauryl Sulfoacetate Sodium Magnesium Aluminosilicate Sodium Magnesium Silicate

Sodium Malate Sodium Metaphosphate, Insoluble Sodium Metasilicate

Sodium Methylate Sodium Polyphosphates, Glassy Sodium Potassium Tripolyphosphate

Sodium Pyrophosphate Sodium Pyrrolidone Carboxylate Sodium Sesquicarbonate

Sodium Sesquinoleate Sodium Stearoyl Lactylate Sodium Thiomalate

Sodium Trimetaphosphate Sodium Trioleate Sodium Tripolyphosphate

Soy Polysaccharides Stannous Tartrate Starch, Pregelatinized Corn

Starch, Pregelatinized Tapioca Stearalkonium Chloride Stearyl Citrate

Stearyl Monoglyceridyl Citrate Succinylated Monoglycerides Sucrose Acetate Isobutyrate

Sucrose Fatty Acid Esters Sucrose Stearate Sugar Fruit Fine

Sulfobutyl Ether Beta Cyclodextran Tallow Tallow Glycerides

Tallow Oil Tetrafluoroethane Thioglycerol

Thyme Oil Tribehenin Triceteareth-4-phosphate

Trichloroethylene Trimyristin Trisodium Citrate

Trolamine Lauryl Sulfate Vegetable Oil Wheat Flour

Wheat Germ Oil Wheat Gluten
(Received)

Whey
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Standards
� New adopted (official) revisions to the USP–NF that become effective before the effective date of the next Supplement or that

were not ready for adoption by the closing date for the upcoming Supplement. (The effective date for these revisions is stated on the

next page.)

Readers should review this section to determine if they are affected by any of the changes.

Symbols—Interim revisions are shown with new text (if any) enclosed in circles, .new text.. Text enclosed in squares,
&new text&,

has already been adopted in a Supplement. Where the symbols appear together with no enclosed text, such as . . or
&

&, it means that

text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is accompanied by a number

that indicates the IRA or Supplement in which the revision first appeared. For example, .2 indicates that the revision was officially

adopted in the Second Interim Revision Announcement, and &2S (USP29) indicates that the revision was officially adopted in the Second

Supplement to USP 29.

Errata—At the end of the Interim Revision Announcement section is a list of errata and corrections to USP 30–NF 25. The page

number indicates where the item is found in USP–NF. If necessary, this list will be updated with every issue of PF. This information

will also be cumulative in future Supplements, and will appear in its corrected form in the next annual edition of USP–NF. Errata are

considered to be items erroneously published that have not received the approval of the Council of Experts and that do not reflect the

official requirement.
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INTERIM REVISION ANNOUNCEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

Alendronate Sodium Tablets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Oxybutynin Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
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INTERIM REVISION
ANNOUNCEMENT

to USP 30 and to NF 25

By authority of the United States Pharmacopeial Convention, Inc.
Prepared by the Council of Experts and published by the Board of Trustees

John W. Mauger, Chair
USP Board of Trustees

Roger L. Williams, Executive Vice President
and Chairman, USP Council of Experts

Roger L. Williams, M.D., Chief Standards Officer, Acting

Official February 1, 2008 Released January 1, 2008

All inquiries and comments regarding USP 30 text and NF 25 text should be addressed to the Executive Secretariat, USP–NF,

12601 Twinbrook Parkway, Rockville, MD 20852.
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New USP Reference Standards

The following USP Reference Standards, which were not

available when the associated monograph was made official,

have since become available. The respective official date of

each USP 30 or NF 25 standard, test, or assay requiring the

use of the following USP Reference Standards is indicated

in parentheses after the name of the Reference Standard.

USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute Reference Photomicrographs RS (March 1, 2008)

USP Ginkgo Terpene Lactones RS (March 1, 2008)
USP Glyceryl Monolinoleate RS (January 1, 2008)
USP Glyceryl Monooleate RS (March 1, 2008)
USP Diluted Isosorbide Mononitrate RS (May 1, 2008)
USP Isosorbide Mononitrate Related Compound A RS (March 1,

2008)
USP Near IR System Suitability RS (May 1, 2008)
USP D9-Tetrahydrocannabinol RS (May 1, 2008)
USP Human Fibroblast-Derived Temporary Skin Substitute

Reference Photomicrographs RS (March 1, 2008)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 30 or NF 25 standards, tests,

or assays requiring the use of the following new USP Refer-

ence Standards are postponed until further notice pending

availability of the respective Reference Standards. This listing

was updated as of October 20, 2007.

USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP Eucatropine Hydrochloride RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Alpha Lipoic Acid RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Mibolerone RS
USP Narasin RS
USP Pyrethrum Extract RS
USP Powdered St John’s Wort Extract RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin RS
USP Valrubicin Related Compound A RS
USP Vasopressin RS
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MONOGRAPHS (USP)

Change to read:

.Alendronate Sodium Tablets.1

Delete the following:

.(Title for this new monograph—to become official May 1, 2008).1

Change to read:

» .Alendronate Sodium Tablets.1 contain an amount of
Alendronate Sodium equivalent to not less than 90.0
percent and not more than 110.0 percent of the labeled
amount of alendronic acid (C4H13NO7P2).

Oxybutynin Chloride

Change to read:

» Oxybutynin Chloride contains not less than 97.0
percent and not more than .102.0.1 percent of
C22H31NO3 �HCl, calculated on the dried basis.
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or pending
official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be available as a cu-
mulative table in future Supplements and will appear in its corrected form in a future annual edition ofUSP–NF. Errata are considered to be items
erroneously published that have not received the approval of the Council of Experts and that do not reflect the official requirement. USP staff is
available to respond to questions regarding the accuracy of a particular requirement by calling 1-800-822-USPC.

USP31–NF26
Page Title Section Description

1 USP General Notices and
Requirements

Tests and Assays Line 4 under Pressure Measurements: Change ‘‘cali-
brated interns of the pressure’’ to: calibrated in terms
of the pressure

1111 Cherry Syrup Definition Row 2 of Table: re-instate quantity for Sucrose as ‘‘800
g’’

1609 Calcium Gluceptate Chemical information The incorrect chemical structure drawing was pub-
lished. Change

to:

3451 Triazolam Assay Line 9 under Procedure: Change ‘‘RU and RS are the
ratios of the internal standard peak area to the alprazo-
lam peak area’’ to: RU and RS are the ratios of the in-
ternal standard peak area to the triazolam peak area

3499 Vancomycin Hydrochloride Limit of monodechlorovanco-
mycin

Line 23 under Chromatographic system: Change ‘‘The
resolution, R, between vancomycin B and monode-
chlorovancomycin is not less than 1.9,’’ to:
The resolution, R, between vancomycin B and mono-
dechlorovancomycin is not less than 1.5,
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IN-PROCESS REVISION
This section contains proposals for adoption as officialUSP or NF standards (either proposed new standards or proposed revisions of

current USP or NF standards). These may be any of the following: (1) items that previously appeared under Pharmacopeial Pre-

views and are now formally proposed as revisions, (2) proposed revisions placed directly under In-Process Revision, or (3) mod-

ifications of revisions previously proposed under In-Process Revision. Readers should review material in this section and provide

comments to the staff liaison (use the Staff Directory to find the contact information). Information on how to comment is found in the

Policies and Announcements section. It is important to send comments promptly so that the Committee members can consider read-

ers’ input as they are deciding whether to advance standards to official status.

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the
revision. Other relevant information. (For example, if a chromatographic method is being proposed, column spe-
cifications and retention times for compounds of interest.) Finally, the Committee designation (see How to Use
PF), the name of the scientific staff liaison who handled the particular issue, and the USP tracking correspondence
number, as shown in the example below:

(DSN: L. Evans) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. New text (if any) follows,

and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type (print edition only), as

shown in the examples below:

.new text.

if slated for an Interim Revision Announcement to USP 30–NF 25 (IRA);

~

new text
~USP31

if slated for USP 31–NF 26; and

&new text&

if slated for a Supplement to USP–NF. The same symbols not set off by an extra paragraph break and enclosing text with no increase

in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed text, such as . . or
&

& or
~

~
, it means that text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is

accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as the publication where the

revision will appear if approved. For example, .2 indicates that the revision is proposed for the Interim Revision Announcement that

will appear in issue 2 of a given PF volume, &2S (USP 30) indicates that the proposed revision is slated for the Second Supplement to

USP 30, and
~USP31 and ~NF26 indicate that the revisions are proposed for USP 31 and NF 26, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title stated after

that specification will be substituted for the former title in the appropriate places throughout that monograph once this revision

becomes official.
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Albendazole (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Alfuzosin Hydrochloride [new] (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Allopurinol (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Aminophylline (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
Bicalutamide Tablets [new] (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Bupivacaine Hydrochloride (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Cabergoline [new] (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Cefdinir Capsules [new] (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Cefdinir for Oral Suspension [new] (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Cefotetan for Injection (Proposal for IRA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
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Disopyramide Phosphate (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Dronabinol (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Epinephrine (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Fenofibrate Capsules [new] (USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride
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GENERAL NOTICES AND
REQUIREMENTS

BRIEFING

USP General Notices and Requirements, USP 30 page 1 and
page 857 of the Interim Revision Announcements in PF 33(5)
[Sept.–Oct. 2007]; NF General Notices and Requirements, NF
25 page 1050. It is proposed to modernize and clarify the language
in the General Notices and Requirements of the USP. This proposal
also would combine theGeneral Notices of theUSP and the NF into a
single document, although the two would remain separate compen-
dia. Additional information about the proposal, a timeline, and infor-
mation on comments received in response to the initial draft posted on
the USP website are available at http://www.usp.org/USPNF/general
Notices.html

(EXE: R. Miller)

Change to read:

The General Notices and Requirements (hereinafter referred to as
the General Notices) and general requirements appearing in General
Chapters provide in summary form the basic guidelines for the inter-
pretation and application of the standards, tests, assays, and other spe-
cifications of the United States Pharmacopeia and eliminate the need
to repeat throughout the book those requirements that are pertinent in
numerous instances. Where no specific language is given to the con-
trary, the requirements under the General Notices and General Chap-
ters apply.
Where exceptions to the General Notices or General Chapters are

made, the wording in the individual monograph takes precedence and
specifically indicates the directions or the intent. To emphasize that
such exceptions do exist, the General Notices or General Chapters
in some places employ where indicated a qualifying expression such
as ‘‘unless otherwise specified.’’ In the individual monographs, it is
understood that the specific wording of standards, tests, assays, and
other specifications is binding wherever deviations from the General
Notices or General Chapters exist whether or not a statement of ex-
ception is made.

TITLE

The full title of this publication, including its supplements, is
The Pharmacopeia of the United States of America, Thirtieth Revi-
sion. This title may be abbreviated to United States Pharmacopeia,
Thirtieth Revision, or to USP 30. The United States Pharmacopeia,
Thirtieth Revision, supersedes all earlier revisions. Where the term
‘‘USP’’ is used, without further qualification, during the period in
which this Pharmacopeia is official, it refers only to USP 30 and
any supplement(s) thereto. The same titles, with no further distinc-
tion, apply equally to print or electronic presentation of these con-
tents.

‘‘OFFICIAL’’ AND ‘‘OFFICIAL ARTICLES’’

The word ‘‘official’’, as used in this Pharmacopeia or with ref-
erence hereto, is synonymous with ‘‘Pharmacopeial’’, with ‘‘USP’’,
and with ‘‘compendial’’.

The designation ‘‘USP’’ in conjunction with the official title or
elsewhere on the label of an article indicates that a monograph is in-
cluded in the USP and that the article purports to comply with all ap-
plicable USP standards. The designation ‘‘USP’’ on the label may
notand does not constitute a representation, endorsement, or incor-
poration by the manufacturer’s labeling of the informational material

contained in the USP monograph, nor does it constitute assurance by
USP that the article is known to comply with USP standards. An ar-
ticle may purport to comply with a USP standard or other require-
ments only when the article is recognized in the USP. The
standards apply equally to articles bearing the official titles or names
derived by transposition of the definitive words of official titles or
transposition in the order of the names of two or more active ingre-
dients in official titles, whether or not the added designation ‘‘USP’’
is used. Names considered to be synonyms of the official titles may
not be used for official titles.

Although both compendia, the United States Pharmacopeia and
the National Formulary, currently are published under one cover,
they remain separate compendia. The designation USP–NF or similar
combination may be used on the label of an article, provided the label
also bears a statement such as ‘‘Meets NF standards as published by
the USP,’’ indicating the particular compendium to which the article
purports to apply.

Where an article differs from the standards of strength, quality,
and purity, as determined by the application of the assays and tests set
forth for it in the Pharmacopeia, its difference shall be plainly stated
on its label. Where an article fails to comply in identity with the iden-
tity prescribed in the USP, or contains an added substance that inter-
feres with the prescribed assays and tests, such article shall be
designated by a name that is clearly distinguishing and differentiating
from any name recognized in the Pharmacopeia.

Articles listed herein are official and the standards set forth in the
monographs apply to them only when the articles are intended or la-
beled for use as drugs, as nutritional or dietary supplements, or as
medical devices and when bought, sold, or dispensed for these pur-
poses or when labeled as conforming to this Pharmacopeia.

An article is deemed to be recognized in this Pharmacopeia
when a monograph for the article is published in it, including its sup-
plements, addenda, or other interim revisions, and an official date is
generally or specifically assigned to it.

The following terminology is used for distinguishing the articles
for which monographs are provided: an official substance is an active
drug entity, a recognized nutrient, a dietary supplement ingredient, or
a pharmaceutic ingredient (see also NF 25) or a component of a fin-
ished device for which the monograph title includes no indication of
the nature of the finished form; an official preparation is a drug pro-
duct, a nutritional supplement, dietary supplement, or a finished de-
vice. It is the finished or partially finished (e.g., as in the case of a
sterile solid to be constituted into a solution for administration) prep-
aration or product of one or more official substances formulated for
use on or for the patient or consumer; an article is an item for which a
monograph is provided, whether an official substance or an official
preparation.

Designating Conformance with Official Standards—When the
letters ‘‘USP’’ or ‘‘NF’’ or ‘‘USP–NF’’ are used on the label of an
article to indicate compliance with compendial standards, the letters
shall appear in conjunction with the official title of the article or when
appropriate, with the ingredients contained therein. The letters are not
to be enclosed in any symbol such as a circle, square, etc., and must
appear in block capital letters.

If a dietary supplement purports to be or is represented as an of-
ficial product and such claim is determined by the USP not to be made
in good faith, it is the policy of the USP to seek appropriate legal re-
dress.

Products Not Marketed in the United States—Interest in the
USP outside the United States has always existed. From time to time,
monographs may be adopted for articles not legally marketed in the
United States as a service to authorities in other countries where USP
standards are recognized and applied. Appearance of any such mono-
graph does not grant any marketing rights whatsoever, and the status
of the article in the United States must be checked with the U.S. Food
and Drug Administration in the event of any question.

Nutritional andOther Dietary Supplements—The designation of
an official preparation containing one or more recognized nutrients or
dietary supplement ingredients as ‘‘USP’’ or the use of the designa-
tion ‘‘USP’’ in conjunction with the title of such nutritional or dietary
supplement preparation may be made only if the preparation meets all
the applicable requirements contained in the individual monograph
and general chapters. Any language modifying or limiting this repre-
sentation shall be accompanied by a statement indicating that the ar-
ticle is ‘‘not USP’’, and indicating how the article differs from the
standards of strength, quality, or purity as determined by the applica-
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tion of the tests and assays set forth in the compendia. Any additional
ingredient in such article that is not recognized in the Pharmacopeia
and for which nutritional value is claimed shall not be represented
nor imply that such ingredient is of USP quality or recognized by
USP. If a preparation does not comply with all applicable requirements
but contains nutrients or dietary supplement ingredients that are recog-
nized in theUSP, the article may not designate the individual nutrients
or ingredients as complying with USP standards or being of USP qual-
ity without designating on the label that the article itself does not com-
ply with USP standards.

ATOMIC WEIGHTS AND CHEMICAL FORMULAS

The atomic weights used in computing molecular weights and the
factors in the assays and elsewhere are those recommended in 1997 by
the IUPAC Commission on Atomic Weights and Isotopic Abundances.
Chemical formulas, other than those in the Definitions, tests, and as-
says, are given for purposes of information and calculation. The format
within a given monograph is such that after the official title, the primar-
ily informational portions of the text appear first, followed by the text
comprising requirements, the latter section of the monograph being in-
troduced by a boldface double-arrow symbol ». (Graphic formulas and
chemical nomenclature provided as information in the individual
monographs are discussed in the Preface.)

ABBREVIATIONS

The term RS refers to a USP Reference Standard as stated under
Reference Standards in these General Notices (see also USP Reference
Standards h11i for a comprehensive discussion of reference materials).

The terms CS and TS refer to Colorimetric Solution and Test
Solution, respectively (see under Reagents, Indicators, and Solutions).
The term VS refers to Volumetric Solution as stated under Solutions in
the General Notices.

The term PF refers to Pharmacopeial Forum, the journal of stan-
dards development and official compendia revision (see Pharmaco-
peial Forum in these General Notices).

Abbreviations for the names of many institutions, organizations,
and publications are used for convenience throughout USP and NF. An
alphabetized tabulation follows.

Abbreviation Institution, Organization, or Publication

AAMI Association for the Advancement of Med
ical Instrumentation

ACS American Chemical Society
ANSI American National Standards Institute
AOAC AOAC International (formerly Association

of Official Analytical Chemists)
ASTM American Society for Testing and Materials
ATCC American Type Culture Collection
CAS Chemical Abstracts Service
CFR U.S. Code of Federal Regulations
EP European Pharmacopoeia
EPA U.S. Environmental Protection Agency
FCC Food Chemicals Codex
FDA U.S. Food and Drug Administration
HIMA Health Industry Manufacturers Association
ISO International Organization for

Standardization
IUPAC International Union of Pure and Applied-

Chemistry
JP Japanese Pharmacopoeia
NIST National Institute of Standards and

Technology
USAN United States Adopted Names
WHO World Health Organization

Abbreviated Statements in Monographs—Incomplete sentences
are employed in various portions of the monographs for directness
and brevity. Where the limit tests are so abbreviated, it is to be under-
stood that the chapter numbers (shown in angle brackets) designate the
respective procedures to be followed, and that the values specified after
the colon are the required limits.

SIGNIFICANT FIGURES AND TOLERANCES

Where limits are expressed numerically herein, the upper and
lower limits of a range include the two values themselves and all inter-
mediate values, but no values outside the limits. The limits expressed
in monograph definitions and tests, regardless of whether the values
are expressed as percentages or as absolute numbers, are considered
significant to the last digit shown.

Equivalence Statements in Titrimetric Procedures—The direc-
tions for titrimetric procedures conclude with a statement of the weight
of the analyte that is equivalent to each mL of the standardized titrant.
In such an equivalence statement, it is to be understood that the number
of significant figures in the concentration of the titrant corresponds to
the number of significant figures in the weight of the analyte. Blank
corrections are to be made for all titrimetric assays where appropriate
(see Titrimetry h541i).

Tolerances—The limits specified in the monographs for Pharma-
copeial articles are established with a view to the use of these articles as
drugs, nutritional or dietary supplements, or devices, except where it is
indicated otherwise. The use of the molecular formula for the active
ingredient(s) named in defining the required strength of a Pharmaco-
peial article is intended to designate the chemical entity or entities, as
given in the complete chemical name of the article, having absolute
(100 percent) purity.

A dosage form shall be formulated with the intent to provide 100
percent of the quantity of each ingredient declared on the label. The
tolerances and limits stated in the Definitions in the monographs for
Pharmacopeial articles allow for analytical error, for unavoidable var-
iations in manufacturing and compounding, and for deterioration to an
extent considered acceptable under practical conditions. Where the
minimum amount of a substance present in a nutritional or dietary sup-
plement is required to be higher than the lower tolerance limit allowed
for in the monograph because of applicable legal requirements, then
the upper tolerance limit contained in the monograph shall be increased
by a corresponding amount.

The specified tolerances are based upon such attributes of quality
as might be expected to characterize an article produced from suitable
raw materials under recognized principles of good manufacturing prac-
tice.

The existence of compendial limits or tolerances does not consti-
tute a basis for a claim that an official substance that more nearly ap-
proaches 100 percent purity ‘‘exceeds’’ the Pharmacopeial quality.
Similarly, the fact that an article has been prepared to closer tolerances
than those specified in the monograph does not constitute a basis for a
claim that the article ‘‘exceeds’’ the Pharmacopeial requirements.

Interpretation of Requirements— Analytical results observed in
the laboratory (or calculated from experimental measurements) are
compared with stated limits to determine whether there is conformance
with compendial assay or test requirements. The observed or calcu-
lated values usually will contain more significant figures than there
are in the stated limit, and a reportable result is to be rounded off to
the number of places that is in agreement with the limit expression
by the following procedure. Intermediate calculations (e.g., slope for
linearity in Validation of Compendial Procedures h1225i) may be
rounded for reporting purposes, but the original value (not rounded)
should be used for any additional required calculations. Rounding
off should not be done until the final calculations for the reportable
value have been completed. NOTE—Limits, which are fixed numbers,
are not rounded off.

A reportable value is often a summary value for several individual
determinations. It is the end result of a completed measurement meth-
od, as documented. It is the value compared with the acceptance cri-
terion. In most cases, the reportable value is used as documentation for
internal or external users.

When rounding off is required, consider only one digit in the dec-
imal place to the right of the last place in the limit expression. If this
digit is smaller than 5, it is eliminated and the preceding digit is un-
changed. If this digit is greater than 5, it is eliminated and the preceding
digit is increased by one. If this digit equals 5, the 5 is eliminated and
the preceding digit is increased by one.
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Illustration of Rounding Numerical Values for Comparison
with Requirements

Compendial
Requirement

Unrounded
Value

Rounded
Result Conforms

Assay limit �98.0% 97.96% 98.0% Yes
97.92% 97.9% No
97.95% 98.0% Yes

Assay limit �101.5% 101.55% 101.6% No
101.46% 101.5% Yes
101.45% 101.5% Yes

Limit test �0.02% 0.025% 0.03% No
0.015% 0.02% Yes
0.027% 0.03% No

Limit test �3 ppm 0.00035% 0.0004% No
0.00025% 0.0003% Yes
0.00028% 0.0003% Yes

GENERAL CHAPTERS

Each general chapter is assigned a number that appears in brack-
ets adjacent to the chapter name (e.g., h621i Chromatography). Arti-
cles recognized in these compendia must comply with the official
standards and tests and assays in the General Notices, relevant mono-
graphs, and General Chapters numbered below 1000. General Chap-
ters numbered above 1000 are considered interpretive and are
intended to provide information on, give definition to, or describe a
particular subject. They contain no official standards, tests, assays, or
other mandatory requirements applicable to any Pharmacopeial arti-
cle unless specifically referenced in a monograph or elsewhere in the
Pharmacopeia.

The use of the general chapter numbers is encouraged for iden-
tification of and rapid access to general tests and information. It is
especially helpful where monograph section headings and chapter
names are not the same (e.g., Ultraviolet Absorption h197Ui in a
monograph refers to method h197Ui under general tests chapter
h197i Spectrophotometric Identification Tests; Specific rotation
h781Si in a monograph refers to method h781Si under general tests
chapter h781i Optical Rotation; and Calcium h191i in a monograph
refers to the tests for Calcium under general tests chapter h191i Iden-
tification Tests—General).

PHARMACOPEIAL FORUM

Pharmacopeial Forum ( PF) is the USP journal of standards de-
velopment and official compendia revision. Pharmacopeial Forum is
the working document of the USP Council of Experts. It is intended
to provide public portions of communications within the General
Committee of Revision and public notice of proposed new and re-
vised standards of theUSP and NF and to afford opportunity for com-
ment thereon. The organization of PF includes, but is not limited to,
the following sections. Subsections occur where needed for Drugs
and Pharmaceutic Ingredients (Excipients) and for Dietary Supple-
ments.

Interim Revision Announcement (if present)—Official revisions
and their effective dates, announcement of the availability of new
USP Reference Standards, and announcement of assays or tests that
are held in abeyance pending availability of required USP Reference
Standards.

In-Process Revision—New or revised monographs or chapters
that are proposed for adoption as official USP or NF standards.

Pharmacopeial Previews—Possible revisions or new mono-
graphs or chapters that are considered to be in a preliminary stage
of development.

Stimuli to the Revision Process—Reports, statements, articles,
or commentaries relating to compendial issues.

Nomenclature—Articles and announcements relevant to com-
pendial nomenclature issues and listings of suggested and new United
States Adopted Names (USAN) and International Nonproprietary
Names (INN).

Official Reference Standards—Catalog of current lots of USP
Reference Standards with ordering information and names and ad-
dresses of worldwide suppliers.

SUPPLEMENTS

Supplementsto official text are published periodically and in-
clude text previously published in PF, which is ready to be made of-
ficial.

REAGENT STANDARDS

The proper conduct of the Pharmacopeial tests and assays and
the reliability of the results depend, in part, upon the quality of the
reagents used in the performance of the procedures. Unless otherwise
specified, reagents are to be used that conform to the specifications set
forth in the current edition of Reagent Chemicals published by the
American Chemical Society. Where such ACS reagent specifications
are not available or where for various reasons the required purity dif-
fers, compendial specifications for reagents of acceptable quality are
provided (see Reagents, Indicators, and Solutions). Listing of these
reagents, including the indicators and solutions employed as reagents,
in no way implies that they have therapeutic utility; furthermore, any
reference to USP or NF in their labeling shall include also the term
‘‘reagent’’ or ‘‘reagent grade.’’

REFERENCE REAGENTS

Some compendial tests or assays require the use of specific re-
agents. These are supplied by USP when they might not be generally
commercially available or because they are necessary for the testing
and are available only to the originator of the tests or assay.

USP REFERENCE STANDARDS

USP Reference Standards are authentic specimens that have
been approved by the USP Reference Standards Committee as suit-
able for use as comparison standards in USP or NF tests and assays.
(See USP Reference Standards h11i.) Currently official lots of USP
Reference Standards are published in Pharmacopeial Forum.

Where a USP Reference Standard is referred to in a monograph
or chapter, the words ‘‘Reference Standard’’ are abbreviated to ‘‘RS’’
(see USP Reference Standards h11i).

Where a test or an assay calls for the use of a compendial article
rather than for a USP Reference Standard as a material standard of
reference, a substance meeting all of the compendial monograph re-
quirements for that article is to be used.

The requirements for any new USP or NF standards, tests, or
assays for which a new USP Reference Standard is specified are
not in effect until the specified USP Reference Standard is available.
The availability of new USP Reference Standards and the official
dates of the USP or NF standards, tests, or assays requiring their
use are announced via Supplements or Interim Revision Announce-
ments.

UNITS OF POTENCY

For substances that cannot be completely characterized by
chemical and physical means, it may be necessary to express quanti-
ties of activity in biological units of potency, each defined by an
authoritative, designated reference standard.

Units of biological potency defined by the World Health Orga-
nization (WHO) for International Biological Standards and Interna-
tional Biological Reference Preparations are termed International
Units (IU). Units defined by USP Reference Standards are USP Units,
and the individual monographs refer to these. Unless otherwise indi-
cated, USP Units are equivalent to the corresponding International
Units, where such exist. Such equivalence is usually established on
the basis solely of the compendial assay for the substance.
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For biological products, whether or not International Units or
USP Units do exist (see Biologics h1041i), units of potency are defined
by the corresponding U.S. Standard established by the FDA.

INGREDIENTS AND PROCESSES

Official drug products and finished devices are prepared from in-
gredients that meet the requirements of the compendial monographs
for those individual ingredients for which monographs are provided
(see also NF 25). Generally, nutritional and dietary supplements are
prepared from ingredients that meet requirements of the compendial
monographs for those ingredients for which monographs are provided,
except that substances of acceptable food grade quality may be used in
the event of a difference.

Official substances are prepared according to recognized princi-
ples of good manufacturing practice and from ingredients complying
with specifications designed to ensure that the resultant substances
meet the requirements of the compendial monographs (see also For-
eign Substances and Impurities under Tests and Assays).

Preparations for which a complete composition is given in this
Pharmacopeia, unless specifically exempted herein or in the individual
monograph, are to contain only the ingredients named in the formulas.
However, there may be deviation from the specified processes or meth-
ods of compounding, though not from the ingredients or proportions
thereof, provided the finished preparation conforms to the relevant
standards laid down herein and to preparations produced by following
the specified process.

The tolerances specified in individual monographs and in the gen-
eral chapters for compounded preparations are based on attributes of
quality such as might be expected to characterize an article com-
pounded from suitable bulk drug substances and ingredients in accor-
dance with the procedures provided or under recognized principles of
good pharmaceutical practice as described in this Pharmacopeia (see
Pharmaceutical Compounding—Nonsterile Preparations h795i) and
elsewhere.

Monographs for preparations intended to be compounded pur-
suant to prescription may contain assay methods. Assay methods are
not intended for evaluating a compounded preparation prior to dispen-
sing. Assay methods are intended to serve as the official test methods
in the event of a question or dispute as to whether the compounded
preparation complies with official standards.

Where a monograph on a preparation calls for an ingredient in an
amount expressed on the dried basis, the ingredient need not be dried
prior to use if due allowance is made for the water or other volatile
substances present in the quantity taken.

Unless specifically exempted elsewhere in this Pharmacopeia, the
identity, strength, quality, and purity of an official article are deter-
mined by the definition, physical properties, tests, assays, and other
specifications relating to the article, whether incorporated in the mono-
graph itself, in the General Notices, or in the section General Chap-
ters.

Water—Water used as an ingredient of official preparations
meets the requirements for Purified Water, for Water for Injection, or
for one of the sterile forms of water covered by a monograph in this
Pharmacopeia.

Potable water meeting the requirements for drinking water as set
forth in the regulations of the U.S. Environmental Protection Agency
may be used in the preparation of official substances.

Alcohol—All statements of percentages of alcohol, such as under
the heading Alcohol content, refer to percentage, by volume, of
C2H5OH at 15.568. Where reference is made to ‘‘C2H5OH,’’ the chem-
ical entity possessing absolute (100 percent) strength is intended.

Alcohol—Where ‘‘alcohol’’ is called for in formulas, tests, and
assays, the monograph article Alcohol is to be used.

Dehydrated Alcohol—Where ‘‘dehydrated alcohol’’ (absolute al-
cohol) is called for in tests and assays, the monograph article Dehy-
drated Alcohol is to be used.

Denatured Alcohol—Specially denatured alcohol formulas are
available for use in accordance with federal statutes and regulations
of the Internal Revenue Service. A suitable formula of specially dena-
tured alcohol may be substituted for Alcohol in the manufacture of
Pharmacopeial preparations intended for internal or topical use, pro-
vided that the denaturant is volatile and does not remain in the finished
product. A finished product that is intended for topical application to
the skin may contain specially denatured alcohol, provided that the de-

naturant is either a normal ingredient or a permissible added substance;
in either case the denaturant must be identified on the label of the to-
pical preparation. Where a process is given in the individual mono-
graph, the preparation so made must be identical with that prepared
by the given process.

Added Substances—An official substance, as distinguished from
an official preparation, contains no added substances except where
specifically permitted in the individual monograph. Where such addi-
tion is permitted, the label indicates the name(s) and amount(s) of any
added substance(s).

Unless otherwise specified in the individual monograph, or else-
where in the General Notices, suitable substances such as antimicro-
bial agents, bases, carriers, coatings, colors, flavors, preservatives,
stabilizers, and vehicles may be added to an official preparation to en-
hance its stability, usefulness, or elegance or to facilitate its prepara-
tion. Such substances are regarded as unsuitable and are prohibited
unless (a) they are harmless in the amounts used, (b) they do not ex-
ceed the minimum quantity required for providing their intended ef-
fect, (c) their presence does not impair the bioavailability or the
therapeutic efficacy or safety of the official preparation, and (d) they
do not interfere with the assays and tests prescribed for determining
compliance with the Pharmacopeial standards.

Nutritional and Dietary Supplements—Unless otherwise speci-
fied in the individual monograph, or elsewhere in the General Notices,
consistent with applicable regulatory requirements, suitable added sub-
stances such as bases, carriers, coatings, colors, flavors, preservatives,
and stabilizers may be added to a nutritional supplement preparation to
enhance its stability, usefulness, or elegance, or to facilitate its prepa-
ration. Such added substances shall be regarded as suitable and shall be
permitted unless they interfere with the assays and tests prescribed for
determining compliance with Pharmacopeial standards.

Additional Ingredients—Additional ingredients, including exci-
pients, may be added to nutritional supplement preparations containing
recognized nutrients, consistent with applicable regulatory require-
ments, provided that they do not interfere with the assays and tests pre-
scribed for determining compliance with Pharmacopeial standards.

Inert Headspace Gases—The air in a container of an article for
parenteral use may be evacuated or be replaced by carbon dioxide, he-
lium, or nitrogen, or by a mixture of these gases, which fact need not be
declared in the labeling.

Colors—Added substances employed solely to impart color may
be incorporated into official preparations, except those intended for
parenteral or ophthalmic use, in accordance with the regulations per-
taining to the use of colors issued by the FDA, provided such added
substances are otherwise appropriate in all respects. (See also Added
Substances under Injections h1i.)

Ointments and Suppositories—In the preparation of ointments
and suppositories, the proportions of the substances constituting the
base may be varied to maintain a suitable consistency under different
climatic conditions, provided the concentrations of active ingredients
are not varied and the bioavailability, therapeutic efficacy, or safety of
the preparation is not impaired.

Change to read:

TESTS AND ASSAYS

Apparatus—A specification for a definite size or type of con-
tainer or apparatus in a test or assay is given solely as a recommenda-
tion. Where volumetric flasks or other exact measuring, weighing, or
sorting devices are specified, this or other equipment of at least equiva-
lent accuracy shall be employed. (See also Thermometers h21i, Volu-
metric Apparatus h31i, and Weights and Balances h41i.) Where low-
actinic or light-resistant containers are specified, clear containers that
have been rendered opaque by application of a suitable coating or
wrapping may be used.

Where an instrument for physical measurement, such as a spec-
trophotometer, is specified in a test or assay by its distinctive name,
another instrument of equivalent or greater sensitivity and accuracy
may be used. In order to obtain solutions having concentrations that
are adaptable to the working range of the instrument being used, solu-
tions of proportionately higher or lower concentrations may be pre-
pared according to the solvents and proportions thereof that are
specified for the procedure.
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Where a particular brand or source of a material, instrument, or
piece of equipment, or the name and address of a manufacturer or
distributor, is mentioned (ordinarily in a footnote), this identification
is furnished solely for informational purposes as a matter of conve-
nience, without implication of approval, endorsement, or certifica-
tion. Items capable of equal or better performance may be used if
these characteristics have been validated.

Where the use of a centrifuge is indicated, unless otherwise spe-
cified, the directions are predicated upon the use of apparatus having
an effective radius of about 20 cm (8 inches) and driven at a speed
sufficient to clarify the supernatant layer within 15 minutes.

Unless otherwise specified, for chromatographic tubes and col-
umns the diameter specified refers to internal diameter (ID); for other
types of tubes and tubing the diameter specified refers to outside dia-
meter (OD).

Steam Bath—Where the use of a steam bath is directed, expo-
sure to actively flowing steam or to another form of regulated heat,
corresponding in temperature to that of flowing steam, may be used.

Water Bath—Where the use of a water bath is directed without
qualification with respect to temperature, a bath of vigorously boiling
water is intended.

Foreign Substances and Impurities—Tests for the presence of
foreign substances and impurities are provided to limit such sub-
stances to amounts that are unobjectionable under conditions in
which the article is customarily employed (see also Impurities in Of-
ficial Articles h1086i).

While one of the primary objectives of the Pharmacopeia is to
assure the user of official articles of their identity, strength, quality,
and purity, it is manifestly impossible to include in each monograph
a test for every impurity, contaminant, or adulterant that might be pre-
sent, including microbial contamination. These may arise from a
change in the source of material or from a change in the processing,
or may be introduced from extraneous sources. Tests suitable for de-
tecting such occurrences, the presence of which is inconsistent with
applicable good manufacturing practice or good pharmaceutical prac-
tice, should be employed in addition to the tests provided in the in-
dividual monograph.

Other Impurities—Official substances may be obtained from
more than one process, and thus may contain impurities not consid-
ered during preparation of monograph assays or tests. Wherever a
monograph includes a chromatographic assay or purity test based
on chromatography, other than a test for organic volatile impurities,
and that monograph does not detect such an impurity, solvents ex-
cepted, the impurity shall have its amount and identity, where both
are known, stated under the headingOther Impurity( ies) by the label-
ing (certificate of analysis) of the official substance.

The presence of any unlabeled impurity in an official substance
is a variance from the standard if the content is 0.1% or greater. Tests
suitable for detecting and quantitating unlabeled impurities, when
present as the result of process change or other identifiable, consistent
occurrence, shall be submitted to the USP for inclusion in the indivi-
dual monograph. Otherwise, the impurity shall be identified, pre-
ferably by name, and the amount listed under the heading Other
Impurity( ies) in the labeling (certificate of analysis) of the official
substance. The sum of all Other Impurities combined with the mono-
graph-detected impurities does not exceed 2.0% (see Ordinary Impu-
rities h466i), unless otherwise stated in the monograph.

Categories of drug substances excluded from Other Impurities
requirements are fermentation products and semi-synthetics derived
therefrom, radiopharmaceuticals, biologics, biotechnology-derived
products, peptides, herbals, and crude products of animal or plant ori-
gin. Any substance known to be toxic must not be listed under Other
Impurities.

Residual Solvents—The requirements are stated in
~

Residual
Solvents

~USP30 h467i together with information in Impurities in Offi-
cial Articles h1086i. Thus all drug substances, excipients, and pro-
ducts are subject to relevant control of residual solvents, even when
no test is specified in the individual monograph. The requirements
have been aligned with the ICH guideline on this topic. If solvents
are used during production, they are of suitable quality. In addition,
the toxicity and residual level of each solvent are taken into consid-
eration, and the solvents are limited according to the principles de-
fined and the requirements specified in

~

Residual Solvents
~USP30

h467i, using the general methods presented therein or other suitable
methods. (Official

~

July
~USP30 1,

.2008.5)

Procedures—Assay and test procedures are provided for deter-
mining compliance with the Pharmacopeial standards of identity,
strength, quality, and purity.

In performing the assay or test procedures in this Pharmacopeia,
it is expected that safe laboratory practices will be followed. This in-
cludes the use of precautionary measures, protective equipment, and
work practices consistent with the chemicals and procedures used.
Prior to undertaking any assay or procedure described in this Pharma-
copeia, the individual should be aware of the hazards associated with
the chemicals and the procedures and means of protecting against
them. This Pharmacopeia is not designed to describe such hazards
or protective measures.

Every compendial article in commerce shall be so constituted
that when examined in accordance with these assay and test proce-
dures, it meets all the requirements in the monograph defining it.
However, it is not to be inferred that application of every analytical
procedure in the monograph to samples from every production batch
is necessarily a prerequisite for ensuring compliance with Pharmaco-
peial standards before the batch is released for distribution. Data de-
rived from manufacturing process validation studies and from in-
process controls may provide greater assurance that a batch meets a
particular monograph requirement than analytical data derived from
an examination of finished units drawn from that batch. On the basis
of such assurances, the analytical procedures in the monograph may
be omitted by the manufacturer in judging compliance of the batch
with the Pharmacopeial standards.

Automated procedures employing the same basic chemistry as
those assay and test procedures given in the monograph are recog-
nized as being equivalent in their suitability for determining compli-
ance. Conversely, where an automated procedure is given in the
monograph, manual procedures employing the same basic chemistry
are recognized as being equivalent in their suitability for determining
compliance. Compliance may be determined also by the use of alter-
native methods, chosen for advantages in accuracy, sensitivity, preci-
sion, selectivity, or adaptability to automation or computerized data
reduction or in other special circumstances. Such alternative or auto-
mated procedures or methods shall be validated. However, Pharma-
copeial standards and procedures are interrelated; therefore, where a
difference appears or in the event of dispute, only the result obtained
by the procedure given in this Pharmacopeia is conclusive.

In the performance of assay or test procedures, not fewer than
the specified number of dosage units should be taken for analysis.
Proportionately larger or smaller quantities than the specified weights
and volumes of assay or test substances and Reference Standards may
be taken, provided the measurement is made with at least equivalent
accuracy and provided that any subsequent steps, such as dilutions,
are adjusted accordingly to yield concentrations equivalent to those
specified and are made in such manner as to provide at least equiva-
lent accuracy. To minimize environmental impact or contact with ha-
zardous materials, apparatus and chemicals specified in
Pharmacopeial procedures also may be proportionally changed.

Where it is directed in an assay or a test that a certain quantity of
substance or a counted number of dosage units is to be examined, the
specified quantity or number is a minimal figure (the singlet determi-
nation) chosen only for convenience of analytical manipulation; it is
not intended to restrict the total quantity of substance or number of
units that may be subjected to the assay or test or that should be tested
in accordance with good manufacturing practices.

Where it is directed in the assay of Tablets to ‘‘weigh and finely
powder not fewer than’’ a given number, usually 20, of the Tablets, it
is intended that a counted number of Tablets shall be weighed and
reduced to a powder. The portion of the powdered tablets taken for
assay is representative of the whole Tablets and is, in turn, weighed
accurately. The result of the assay is then related to the amount of
active ingredient per Tablet by multiplying this result by the average
Tablet weight and dividing by the weight of the portion taken for the
assay.

Similarly, where it is directed in the assay of Capsules to re-
move, as completely as possible, the contents of not fewer than a gi-
ven number, usually 20, of the Capsules, it is intended that a counted
number of Capsules should be carefully opened and the contents
quantitatively removed, combined, mixed, and weighed accurately.
The portion of mixed Capsules contents taken for the assay is repre-
sentative of the contents of the Capsules and is, in turn, weighed ac-
curately. The result of the assay is then related to the amount of active
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ingredient per Capsule by multiplying this result by the average weight
of Capsule content and dividing by the weight of the portion taken for
the assay.

Where the definition in a monograph states the tolerances as being
‘‘calculated on the dried (or anhydrous or ignited) basis,’’ the direc-
tions for drying or igniting the sample prior to assaying are generally
omitted from the Assay procedure. Assay and test procedures may be
performed on the undried or unignited substance and the results calcu-
lated on the dried, anhydrous, or ignited basis, provided a test for Loss
on drying, or Water, or Loss on ignition, respectively, is given in the
monograph. Results are calculated on an ‘‘as-is’’ basis unless other-
wise specified in the monograph. Where the presence of moisture or
other volatile material may interfere with the procedure, previous dry-
ing of the substance is specified in the individual monograph and is
obligatory.

Throughout a monograph that includes a test for Loss on drying or
Water, the expression ‘‘previously dried’’ without qualification sig-
nifies that the substance is to be dried as directed under Loss on drying
or Water (gravimetric determination).

Unless otherwise directed in the test or assay in the individual
monograph or in a general chapter, USP Reference Standards are to
be dried before use, or used without prior drying, specifically in accor-
dance with the instructions given in the chapter USP Reference Stan-
dards h11i, and on the label of the Reference Standard. Where the label
instructions differ in detail from those in the chapter, the label text is
determinative.

In stating the appropriate quantities to be taken for assays and
tests, the use of the word ‘‘about’’ indicates a quantity within 10%
of the specified weight or volume. However, the weight or volume ta-
ken is accurately determined, and the calculated result is based upon
the exact amount taken. The same tolerance applies to specified dimen-
sions.

Where the use of a pipet is directed for measuring a specimen or
an aliquot in conducting a test or an assay, the pipet conforms to the
standards set forth under Volumetric Apparatus h31i, and is to be used
in such manner that the error does not exceed the limit stated for a pipet
of its size. Where a pipet is specified, a suitable buret, conforming to
the standards set forth under Volumetric Apparatus h31i, may be sub-
stituted. Where a ‘‘to contain’’ pipet is specified, a suitable volumetric
flask may be substituted.

Expressions such as ‘‘25.0 mL’’ and ‘‘25.0 mg,’’ used with re-
spect to volumetric or gravimetric measurements, indicate that the
quantity is to be ‘‘accurately measured’’ or ‘‘accurately weighed’’
within the limits stated under Volumetric Apparatus h31i or under
Weights and Balances h41i.

The term ‘‘transfer’’ is used generally to specify a quantitative
manipulation.

The term ‘‘concomitantly,’’ used in such expressions as ‘‘con-
comitantly determine’’ or ‘‘concomitantly measured,’’ in directions
for assays and tests, is intended to denote that the determinations or
measurements are to be performed in immediate succession. See also
Use of Reference Standards under Spectrophotometry and Light-Scat-
tering h851i.

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

Desiccator—The expression ‘‘in a desiccator’’ specifies the use of
a tightly closed container of suitable size and design that maintains an
atmosphere of low moisture content by means of silica gel or other
suitable desiccant.

A ‘‘vacuum desiccator’’ is one that maintains the low-moisture
atmosphere at a reduced pressure of not more than 20 mm of mercury
or at the pressure designated in the individual monograph.

Dilution—Where it is directed that a solution be diluted ‘‘quanti-
tatively and stepwise,’’ an accurately measured portion is to be diluted
by adding water or other solvent, in the proportion indicated, in one or
more steps. The choice of apparatus to be used should take into ac-
count the relatively larger errors generally associated with using
small-volume volumetric apparatus (see Volumetric Apparatus h31i).

Drying to Constant Weight—The specification ‘‘dried to constant
weight’’ means that the drying shall be continued until two consecutive
weighings do not differ by more than 0.50 mg per g of substance taken,
the second weighing following an additional hour of drying.

Filtration—Where it is directed to ‘‘filter,’’ without further qua-
lification, the intent is that the liquid be passed through suitable filter
paper or equivalent device until the filtrate is clear.

Identification Tests—The Pharmacopeial tests headed Identifica-
tion are provided as an aid in verifying the identity of articles as they
are purported to be, such as those taken from labeled containers. Such
tests, however specific, are not necessarily sufficient to establish proof
of identity; but failure of an article taken from a labeled container to
meet the requirements of a prescribed identification test indicates that
the article may be mislabeled. Other tests and specifications in the
monograph often contribute to establishing or confirming the identity
of the article under examination.

Ignition to Constant Weight—The specification ‘‘ignite to con-
stant weight’’ means that the ignition shall be continued, at 800 +
258 unless otherwise indicated, until two consecutive weighings do
not differ by more than 0.50 mg per g of substance taken, the second
weighing following an additional 15-minute ignition period.

Indicators—Where the use of a test solution (‘‘TS’’) as an indi-
cator is specified in a test or an assay, approximately 0.2 mL, or 3
drops, of the solution shall be added, unless otherwise directed.

Logarithms—Logarithms used in the assays are to the base 10.
Microbial Strains—Where a microbial strain is cited and identi-

fied by its ATCC catalog number, the specified strain shall be used di-
rectly or, if subcultured, shall be used not more than five passages
removed from the original strain.

Negligible—This term indicates a quantity not exceeding 0.50
mg.

Odor—Terms such as ‘‘odorless,’’ ‘‘practically odorless,’’ ‘‘a
faint characteristic odor,’’ or variations thereof, apply to examination,
after exposure to the air for 15 minutes, either of a freshly opened pack-
age of the article (for packages containing not more than 25 g) or (for
larger packages) of a portion of about 25 g of the article that has been
removed from its package to an open evaporating dish of about 100-
mL capacity. An odor designation is descriptive only and is not to be
regarded as a standard of purity for a particular lot of an article.

Pressure Measurements—The term ‘‘mm of mercury’’ used with
respect to measurements of blood pressure, pressure within an appara-
tus, or atmospheric pressure refers to the use of a suitable manometer
or barometer calibrated in terms of the pressure exerted by a column of
mercury of the stated height.

Solutions—Unless otherwise specified in the individual mono-
graph, all solutions called for in tests and assays are prepared with Pur-
ified Water.

An expression such as ‘‘(1 in 10)’’ means that 1 partby volume of
a liquid is to be diluted with, or 1 part by weight of a solid is to be
dissolved in, sufficient of the diluent or solvent to make the volume
of the finished solution 10 parts by volume.

An expression such as ‘‘(20:5:2)’’ means that the respective num-
bers of parts, by volume, of the designated liquids are to be mixed,
unless otherwise indicated.

The notation ‘‘VS’’ after a specified volumetric solution indicates
that such solution is standardized in accordance with directions given
in the individual monograph or under Volumetric Solutions in the sec-
tion Reagents, Indicators, and Solutions, and is thus differentiated
from solutions of approximate normality or molarity.

Where a standardized solution of a specific concentration is called
for in a test or an assay, a solution of other normality or molarity may
be used, provided allowance is made for the difference in concentra-
tion and provided the error of measurement is not increased thereby.

Specific Gravity—Unless otherwise stated, the specific gravity
basis is 258/258, i.e., the ratio of the weight of a substance in air at
258 to the weight of an equal volume of water at the same temperature.

Temperatures—Unless otherwise specified, all temperatures in
this Pharmacopeia are expressed in centigrade (Celsius) degrees, and
all measurements are made at 258. Where moderate heat is specified,
any temperature not higher than 458 (1138 F) is indicated. See Storage
Temperature under Preservation, Packaging, Storage, and Labeling
for other definitions.

Time Limit—In the conduct of tests and assays, 5 minutes shall be
allowed for the reaction to take place unless otherwise specified.

Vacuum—The term ‘‘in vacuum’’ denotes exposure to a pressure
of less than 20 mm of mercury unless otherwise indicated.

Where drying in vacuum over a desiccant is directed in the indi-
vidual monograph, a vacuum desiccator or a vacuum drying pistol, or
other suitable vacuum drying apparatus, is to be used.
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Water—Where water is called for in tests and assays, Purified
Water is to be used unless otherwise specified. For special kinds of
water such as ‘‘carbon dioxide–free water,’’ see the introduction to the
section Reagents, Indicators, and Solutions. ForHigh-Purity Water
see Containers h661i.

Water and Loss on Drying—Where the water of hydration or
adsorbed water of a Pharmacopeial article is determined by the titri-
metric method, the test is generally given under the heading Water.
Monograph limits expressed as a percentage are figured on a
weight/weight basis unless otherwise specified. Where the determina-
tion is made by drying under specified conditions, the test is generally
given under the heading Loss on drying. However, Loss on drying is
most often given as the heading where the loss in weight is known to
represent residual volatile constituents, including organic solvents as
well as water.

Test Results, Statistics, and Standards—Interpretation of re-
sults from official tests and assays requires an understanding of the
nature and style of compendial standards, in addition to an under-
standing of the scientific and mathematical aspects of laboratory ana-
lysis and quality assurance for analytical laboratories.

Confusion of compendial standards with release tests and with
statistical sampling plans occasionally occurs. Compendial standards
define what is an acceptable article and give test procedures that de-
monstrate that the article is in compliance. These standards apply at
any time in the life of the article from production to consumption. The
manufacturer’s release specifications, and compliance with good
manufacturing practices generally, are developed and followed to en-
sure that the article will indeed comply with compendial standards
until its expiration date, when stored as directed. Thus, when tested
from the viewpoint of commercial or regulatory compliance, any
specimen tested as directed in the monograph for that article shall
comply.

Tests and assays in this Pharmacopeia prescribe operation on a
single specimen, that is, the singlet determination, which is the mini-
mum sample on which the attributes of a compendial article should be
measured. Some tests, such as those forDissolution andUniformity of
dosage units, require multiple dosage units in conjunction with a de-
cision scheme. These tests, albeit using a number of dosage units, are
in fact the singlet determinations of those particular attributes of the
specimen. These procedures should not be confused with statistical
sampling plans. Repeats, replicates, statistical rejection of outliers,
or extrapolations of results to larger populations are neither specified
nor proscribed by the compendia; such decisions are dependent on the
objectives of the testing. Commercial or regulatory compliance test-
ing, or manufacturer’s release testing, may or may not require exam-
ination of additional specimens, in accordance with predetermined
guidelines or sampling strategies. Treatments of data handling are
available from organizations such as ISO, IUPAC, and AOAC.

Where the Content Uniformity determinations have been made
using the same procedure specified in the Assay, the average of all of
the individual Content Uniformity determinations may be used as the
Assay value.

Description—Information on the ‘‘description’’ pertaining to an
article, which is relatively general in nature, is provided in the refer-
ence table Description and Relative Solubility of USP and NFArticles
in this Pharmacopeia for those who use, prepare, and dispense drugs
and/or related articles, solely to indicate properties of an article com-
plying with monograph standards. The properties are not in them-
selves standards or tests for purity even though they may indirectly
assist in the preliminary evaluation of an article.

Solubility—The statements concerning solubilities given in the
reference table Description and Relative Solubility of USP and NF
Articles for Pharmacopeial articles are not standards or tests for purity
but are provided primarily as information for those who use, prepare,
and dispense drugs and/or related articles. Only where a quantitative
solubility test is given, and is designated as such, is it a test for purity.

The approximate solubilities of Pharmacopeial substances are
indicated by the descriptive terms in the accompanying table. Soluble
Pharmacopeial articles, when brought into solution, may show traces
of physical impurities, such as minute fragments of filter paper, fibers,
and other particulate matter, unless limited or excluded by definite
tests or other specifications in the individual monographs.

Descriptive Term

Parts of Solvent
Required for

1 Part of Solute

Very soluble Less than 1
Freely soluble From 1 to 10
Soluble From 10 to 30
Sparingly soluble From 30 to 100
Slightly soluble From 100 to 1000
Very slightly soluble From 1000 to 10,000
Practically insoluble, or Insolu-
ble

Greater than or equal to 10,000

Interchangeable Methods—Certain general chapters contain a
statement that the text in question is harmonized with the correspond-
ing text of the European Pharmacopoeia and/or the Japanese Phar-
macopoeia and that these texts are interchangeable. Therefore, if a
substance or preparation is found to comply with a requirement using
an interchangeable method from one of these pharmacopeias, it
should comply with the requirements of the United States Pharma-
copeia. However, where a difference appears, or in the event of dis-
pute, only the result obtained by the procedure given in this
Pharmacopeia is conclusive.

PRESCRIBING AND DISPENSING

Prescriptions for compendial articles shall be written to state the
quantity and/or strength desired in metric units unless otherwise in-
dicated in the individual monograph (see also Units of Potency in
these General Notices). If an amount is prescribed by any other sys-
tem of measurement, only an amount that is the metric equivalent of
the prescribed amount shall be dispensed.

PRESERVATION, PACKAGING, STORAGE, AND LABELING

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

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

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

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

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

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

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

Light-Resistant Container (see Light Transmission under Con-
tainers h661i)—A light-resistant container protects the contents from
the effects of light by virtue of the specific properties of the material
of which it is composed, including any coating applied to it. Alterna-
tively, a clear and colorless or a translucent container may be made
light-resistant by means of an opaque covering, in which case the la-
bel of the container bears a statement that the opaque covering is
needed until the contents are to be used or administered. Where it
is directed to ‘‘protect from light’’ in an individual monograph, pre-
servation in a light-resistant container is intended.
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Where an article is required to be packaged in a light-resistant
container, and if the container is made light-resistant by means of an
opaque covering, a single-use, unit-dose container or mnemonic pack
for dispensing may not be removed from the outer opaque covering
prior to dispensing.

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

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

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

NOTE—Where packaging and storage in a tight container or a well-
closed container is specified in the individual monograph, the con-
tainer used for an article when dispensed on prescription meets the re-
quirements under Containers—Permeation h671i.

Hermetic Container—A hermetic container is impervious to air
or any other gas under the ordinary or customary conditions of hand-
ling, shipment, storage, and distribution.

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

Single-Dose Container (see also Containers for Injections under
Injections h1i)—A single-dose container is a single-unit container for
articles intended for parenteral administration only. A single-dose con-
tainer is labeled as such. Examples of single-dose containers include
prefilled syringes, cartridges, fusion-sealed containers, and closure-
sealed containers when so labeled.

Unit-Dose Container—A unit-dose container is a single-unit con-
tainer for articles intended for administration by other than the parent-
eral route as a single dose, direct from the container.

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

Multiple-Unit Container—A multiple-unit container is a con-
tainer that permits withdrawal of successive portions of the contents
without changing the strength, quality, or purity of the remaining por-
tion.

Multiple-Dose Container (see also Containers for Injections un-
der Injections h1i)—A multiple-dose container is a multiple-unit con-
tainer for articles intended for parenteral administration only.

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

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

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

Manufacturers or packagers of PPPA-regulated OTC preparations
are allowed to package one size in nonchild-resistant packaging as
long as popular-size, special packages are also supplied. The non-
child-resistant package requires special labeling (18 CFR x 1700.5).

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

Storage Temperature and Humidity—Specific directions are
stated in some monographs with respect to the temperatures and hu-
midity at which Pharmacopeial articles shall be stored and distributed
(including the shipment of articles to the consumer) when stability data
indicate that storage and distribution at a lower or a higher temperature
and a higher humidity produce undesirable results. Such directions ap-
ply except where the label on an article states a different storage tem-
perature on the basis of stability studies of that particular formulation.
Where no specific storage directions or limitations are provided in the
individual monograph, but the label of an article states a storage tem-
perature that is based on stability studies of that particular formulation,
such labeled storage directions apply (see also Pharmaceutical Stabi-
lity h1150i). The conditions are defined by the following terms.

Freezer—A place in which the temperature is maintained thermo-
statically between –258 and –108 (–138 and 14 8F).

Cold—Any temperature not exceeding 88 (46 8F). A refrigerator
is a cold place in which the temperature is maintained thermostatically
between 28 and 88 (368 and 46 8F).

Cool—Any temperature between 88 and 158 (468 and 59 8F). An
article for which storage in a cool place is directed may, alternatively,
be stored and distributed in a refrigerator, unless otherwise specified
by the individual monograph.

Controlled Cold Temperature—This temperature is defined as the
temperature maintained thermostatically between 28 and 88 (368 and
46 8F), that allows for excursions in temperature between 08 and 158
(328 and 59 8F) that may be experienced during storage, shipping, and
distribution such that the allowable calculated MKT is not more than
88 (46 8F). Transient spikes up to 258 (77 8F) may be permitted if the
manufacturer so instructs and provided that such spikes do not exceed
24 hours unless supported by stability data or the manufacturer in-
structs otherwise.

Room Temperature—The temperature prevailing in a working
area.

Controlled Room Temperature—A temperature maintained ther-
mostatically that encompasses the usual and customary working envir-
onment of 208 to 258 (688 to 77 8F); that results in a mean kinetic
temperature calculated to be not more than 258; and that allows for
excursions between 158 and 308 (598 and 86 8F) that are experienced
in pharmacies, hospitals, and warehouses. Provided the mean kinetic
temperature remains in the allowed range, transient spikes up to 408 are
permitted as long as they do not exceed 24 hours. Spikes above 408
may be permitted if the manufacturer so instructs. Articles may be la-
beled for storage at ‘‘controlled room temperature’’ or at ‘‘up to 258’’,
or other wording based on the same mean kinetic temperature. The
mean kinetic temperature is a calculated value that may be used as
an isothermal storage temperature that simulates the nonisothermal ef-
fects of storage temperature variations. (See also Pharmaceutical Sta-
bility h1150i.)

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

Warm—Any temperature between 308 and 408 (868 and 104 8F).
Excessive Heat—Any temperature above 408 (104 8F).
Protection from Freezing—Where, in addition to the risk of

breakage of the container, freezing subjects an article to loss of strength
or potency, or to destructive alteration of its characteristics, the con-
tainer label bears an appropriate instruction to protect the article from
freezing.

Dry Place—The term ‘‘dry place’’ denotes a place that does not
exceed 40% average relative humidity at Controlled Room Tempera-
ture or the equivalent water vapor pressure at other temperatures. The
determination may be made by direct measurement at the place or may
be based on reported climatic conditions. Determination is based on
not less than 12 equally spaced measurements that encompass either
a season, a year, or, where recorded data demonstrate, the storage per-
iod of the article. There may be values of up to 45% relative humidity
provided that the average value is 40% relative humidity.
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Storage in a container validated to protect the article from moist-
ure vapor, including storage in bulk, is considered a dry place.

Storage under Nonspecific Conditions—Where no specific di-
rections or limitations are provided in the Packaging and storage sec-
tion of individual monographs or in the article’s labeling, the
conditions of storage shall include storage at controlled room tem-
perature, protection from moisture, and, where necessary, protection
from light. Articles shall be protected from moisture, freezing, and
excessive heat, and, where necessary, from light during shipping
and distribution. Active pharmaceutical ingredients are exempt from
this requirement.

Labeling—The term ‘‘labeling’’ designates all labels and other
written, printed, or graphic matter upon an immediate container of an
article or upon, or in, any package or wrapper in which it is enclosed,
except any outer shipping container. The term ‘‘label’’ designates that
part of the labeling upon the immediate container.

A shipping container containing a single article, unless such
container is also essentially the immediate container or the outside
of the consumer package, is labeled with a minimum of product iden-
tification (except for controlled articles), lot number, expiration date,
and conditions for storage and distribution.

Articles in this Pharmacopeia are subject to compliance with
such labeling requirements as may be promulgated by governmental
bodies in addition to the Pharmacopeial requirements set forth for the
articles.

Amount of Ingredient per Dosage Unit—The strength of a drug
product is expressed on the container label in terms of micrograms or
milligrams or grams or percentage of the therapeutically active moi-
ety or drug substance, whichever form is used in the title, unless
otherwise indicated in an individual monograph. Both the active moi-
ety and drug substance names and their equivalent amounts are then
provided in the labeling.

Pharmacopeial articles in capsule, tablet, or other unit dosage
form shall be labeled to express the quantity of each active ingredient
or recognized nutrient contained in each such unit; except that, in the
case of unit-dose oral solutions or suspensions, whether supplied as
liquid preparations or as liquid preparations that are constituted from
solids upon addition of a designated volume of a specific diluent, the
label shall express the quantity of each active ingredient or recog-
nized nutrient delivered under the conditions prescribed in Deliver-
able Volume h698i. Pharmacopeial drug products not in unit dosage
form shall be labeled to express the quantity of each active ingredient
in each milliliter or in each gram, or to express the percentage of each
such ingredient (see Percentage Measurements), except that oral li-
quids or solids intended to be constituted to yield oral liquids may,
alternatively, be labeled in terms of each 5-mL portion of the liquid
or resulting liquid. Unless otherwise indicated in a monograph or
chapter, such declarations of strength or quantity shall be stated only
in metric units (see also Units of Potency in these General Notices).

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

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

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

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

Labeling Parenteral and Topical Preparations—The label of a
preparation intended for parenteral or topical use states the names of
all added substances (see Added Substances in theseGeneral Notices
and Requirements, and see Labeling under Injections h1i), and, in the
case of parenteral preparations, also their amounts or proportions, ex-
cept that for substances added for adjustment of pH or to achieve iso-
tonicity, the label may indicate only their presence and the reason for
their addition.

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

Labeling Alcohol—The content of alcohol in a liquid prepara-
tion shall be stated on the label as a percentage (v/v) of C2H5OH.

Special Capsules and Tablets—The label of any form of Capsule
or Tablet intended for administration other than by swallowing intact
bears a prominent indication of the manner in which it is to be used.

Expiration Date and Beyond-Use Date—The label of an official
drug product or nutritional or dietary supplement product shall bear
an expiration date. All articles shall display the expiration date so that
it can be read by an ordinary individual under customary conditions
of purchase and use. The expiration date shall be prominently dis-
played in high contrast to the background or sharply embossed, and
easily understood (e.g., ‘‘EXP 6/89,’’ ‘‘Exp. June 89,’’ or ‘‘Expires 6/
89’’). NOTE—For additional information and guidance, refer to the
Nonprescription Drug Manufacturers Association’s Voluntary Codes
and Guidelines of the OTC Medicines Industry.

The monographs for some preparations state how the expiration
date that shall appear on the label is to be determined. In the absence
of a specific requirement in the individual monograph for a drug pro-
duct or nutritional supplement, the label shall bear an expiration date
assigned for the particular formulation and package of the article,
with the following exception: the label need not show an expiration
date in the case of a drug product or nutritional supplement packaged
in a container that is intended for sale without prescription and the
labeling of which states no dosage limitations, and which is stable
for not less than 3 years when stored under the prescribed conditions.

Where an official article is required to bear an expiration date,
such article shall be dispensed solely in, or from, a container labeled
with an expiration date, and the date on which the article is dispensed
shall be within the labeled expiry period. The expiration date identi-
fies the time during which the article may be expected to meet the
requirements of the Pharmacopeial monograph, provided it is kept
under the prescribed storage conditions. The expiration date limits
the time during which the article may be dispensed or used. Where
an expiration date is stated only in terms of the month and the year, it
is a representation that the intended expiration date is the last day of
the stated month. The beyond-use date is the date after which an ar-
ticle must not be used. The dispenser shall place on the label of the
prescription container a suitable beyond-use date to limit the patient’s
use of the article based on any information supplied by the manufac-
turer and the General Notices and Requirements of this Pharmaco-
peia. The beyond-use date placed on the label shall not be later
than the expiration date on the manufacturer’s container.

For articles requiring constitution prior to use, a suitable be-
yond-use date for the constituted product shall be identified in the la-
beling.

For all other dosage forms, in determining an appropriate period
of time during which a prescription drug may be retained by a patient
after its dispensing, the dispenser shall take into account, in addition
to any other relevant factors, the nature of the drug; the container in
which it was packaged by the manufacturer and the expiration date
thereon; the characteristics of the patient’s container, if the article is
repackaged for dispensing; the expected storage conditions to which
the article may be exposed; any unusual storage conditions to which
the article may be exposed; and the expected length of time of the
course of therapy. The dispenser shall, on taking into account the
foregoing, place on the label of a multiple-unit container a suitable
beyond-use date to limit the patient’s use of the article. Unless other-
wise specified in the individual monograph, or in the absence of sta-
bility data to the contrary, such beyond-use date shall be not later than
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(a) the expiration date on the manufacturer’s container, or (b) 1 year
from the date the drug is dispensed, whichever is earlier. For nonsterile
solid and liquid dosage forms that are packaged in single-unit and unit-
dose containers, the beyond-use date shall be 1 year from the date the
drug is packaged into the single-unit or unit-dose container or the ex-
piration date on the manufacturers container, whichever is earlier, un-
less stability data or the manufacturers labeling indicates otherwise.

The dispenser must maintain the facility where the dosage forms
are packaged and stored, at a temperature such that the mean kinetic
temperature is not greater than 258. The plastic material used in pack-
aging the dosage forms must afford better protection than polyvinyl
chloride, which does not provide adequate protection against moisture
permeation. Records must be kept of the temperature of the facility
where the dosage forms are stored, and of the plastic materials used
in packaging.

Pharmaceutical Compounding—The label on the container or
package of an official compounded preparation shall bear a beyond-
use date. The beyond-use date is the date after which a compounded
preparation is not to be used. Because compounded preparations are
intended for administration immediately or following short-term stor-
age, their beyond-use dates may be assigned based on criteria different
from those applied to assigning expiration dates to manufactured drug
products.

The monograph for an official compounded preparation typically
includes a beyond-use requirement that states the time period follow-
ing the date of compounding during which the preparation, properly
stored, is to be used. In the absence of stability information that is ap-
plicable to a specific drug and preparation, recommendations for max-
imum beyond-use dates have been devised for nonsterile compounded
drug preparations that are packaged in tight, light-resistant containers
and stored at controlled room temperature unless otherwise indicated
(see Stability Criteria and Beyond-Use Dating under Stability of Com-
pounded Preparations in the general tests chapter Pharmaceutical
Compounding—Nonsterile Preparations h795i).

Guidelines for Packaging and Storage Statements in USP–NF
Monographs—In order to provide users of the USP–NF with proper
guidance on how to package and store compendial articles, every
monograph in the USP–NF is required to have a packaging and storage
specification.

For those instances where, for some reason, storage information is
not yet found in the Packaging and storage specification of a mono-
graph, the section Storage Under Nonspecific Conditions is included in
the General Notices as interim guidance. The Storage Under Nonspe-
cific Conditions statement is not meant to substitute for the inclusion of
proper, specific storage information in the Packaging and storage
statement of any monograph.

For the packaging portion of the statement, the choice of con-
tainers is given in the General Notices and includes Light-Resistant
Container, Well-Closed Container, Tight Container, Hermetic Con-
tainer, Single-Unit Container, Single-Dose Container, Unit-Dose Con-
tainer, and Unit-of-Use Container. For most preparations, the choice is
determined by the container in which it is to be dispensed (e.g., tight,
well-closed, hermetic, unit-of-use, etc). For active pharmaceutical in-
gredients (APIs), the choice would appear to be tight, well-closed, or,
where needed, a light-resistant container. For excipients, given their
typical nature as large-volume commodity items, with containers ran-
ging from drums to tank cars, a well-closed container is an appropriate
default. Therefore, in the absence of data indicating a need for a more
protective class of container, the phrase ‘‘Preserve in well-closed con-
tainers’’ should be used as a default for excipients.

For the storage portion of the statement, the choice of storage tem-
peratures presented in the General Notices includes Freezer, Cold,
Cool, Controlled Cold Temperature, Room Temperature, Controlled
Room Temperature, Warm, Excessive Heat, and Protection from Freez-
ing. The definition of a dry place is provided if protection from humid-
ity is important.

For most preparations, the choice is determined by the experi-
mentally determined stability of the preparation and may include any
of the previously stated storage conditions as determined by the man-
ufacturer. For APIs that are expected to be retested before incorpora-
tion into a preparation, a more general and nonrestrictive condition
may be desired. In this case, the specification ‘‘room temperature’’
(the temperature prevailing in a working area) should suffice. The
use of the permissive room temperature condition reflects the stability

of an article over a wide temperature range. For excipients, the phrase
‘‘No storage requirements specified’’ in the Packaging and storage
statement of the monograph would be appropriate.

Because most APIs in the USP–NF have associated Reference
Standards, special efforts should be considered to ensure that the Ref-
erence Standards’ storage conditions correspond to the conditions in-
dicated in the USP–NF monographs.

The Packaging and Storage Expert Committee may review ques-
tionable Packaging and storage statements on a case-by-case basis. In
cases where the Packaging and storage statements are incomplete, the
monographs would move forward to publication while the Packaging
and storage statements are temporarily deferred.

VEGETABLE AND ANIMAL SUBSTANCES

The requirements for vegetable and animal substances apply to
the articles as they enter commerce; however, lots of such substances
intended solely for the manufacture or isolation of volatile oils, alka-
loids, glycosides, or other active principles may depart from such re-
quirements.

Statements of the distinctive microscopic structural elements in
powdered substances of animal or vegetable origin may be included
in the individual monograph as a means of determining identity, qual-
ity, or purity.

Foreign Matter—Vegetable and animal substances are to be free
from pathogenic organisms (see Microbiological Attributes of Non-
sterile Pharmaceutical Products h1111i), and are to be as free as rea-
sonably practicable from microorganisms, insects, and other animal
contamination, including animal excreta. They shall show no abnormal
discoloration, abnormal odor, sliminess, or other evidence of deteriora-
tion.

The amount of foreign inorganic matter in vegetable or animal
substances, estimated as Acid-insoluble ash, shall not exceed 2 percent
of the weight of the substance, unless otherwise specified in the indi-
vidual monograph.

Before vegetable substances are ground or powdered, stones,
dust, lumps of soil, and other foreign inorganic matter are to be re-
moved by mechanical or other suitable means.

In commerce it is seldom possible to obtain vegetable substances
that are without some adherent or admixed, innocuous, foreign matter,
which usually is not detrimental. No poisonous, dangerous, or other-
wise noxious foreign matter or residues may be present. Foreign matter
includes any part of the plant not specified as constituting the sub-
stance.

Preservation—Vegetable or animal substances may be protected
from insect infestation or microbiological contamination by means of
suitable agents or processes that leave no harmful residues.

WEIGHTS AND MEASURES

The International System of Units (SI) is used in this Pharmaco-
peia. The SI metric and other units, and the symbols commonly em-
ployed, are as follows.

Bq = becquerel L = liter
kBq = kilobecquerel mL = milliliter, z

MBq = megabecquerel mL = microliter
GBq = gigabecquerel Eq = gram-equivalent

weight
Ci = curie mEq = milliequivalent

mCi = millicurie mol = gram-molecular
weight (mole)

mCi = microcurie Da = dalton (relative
molecular mass)

nCi = nanocurie mmol = millimole
Gy = gray Osmol = osmole

mGy = milligray mOsmol = milliosmole
m = meter Hz = hertz
dm = decimeter kHz = kilohertz
cm = centimeter MHz = megahertz
mm = millimeter V = volts
mm = micrometer

(0.001mm)
MeV = million electron

volts
nm = nanometer * keV = kilo-electron volt
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kg = kilogram mV = millivolt
g = gram ** psi = p o u n d s p e r

square inch
mg = milligram Pa = pascal

mg; mcg = microgram { kPa = kilopascal
ng = nanogram g = gravity (in centri-

fugation)
pg = picogram
fg = femtogram
dL = deciliter

* Formerly the symbol mm (for millimicron) was used.
** The gram is the unit of mass that is used to measure quantities of
materials. Weight, which is a measure of the gravitational force acting
on the mass of a material, is proportional to, and may differ slightly
from, its mass because of the effects of factors such as gravity, tempera-
ture, latitude, and altitude. The difference between mass and weight is
considered to be insignificant for compendial assays and tests, and the
term ‘‘weight’’ is used throughout USP and NF.
{ Formerly the abbreviation mcg was used in the Pharmacopeial mono-
graphs; however, the symbol mg now is more widely accepted and thus
is used in this Pharmacopeia. The term ‘‘gamma,’’ symbolized by g, is
frequently used for microgram in biochemical literature. NOTE—The
abbreviation mcg is still commonly employed to denote microgram(s)
in labeling and in prescription writing. Therefore, for purposes of label-
ing, ‘‘mcg’’ may be used to denote microgram(s).
z One milliliter (mL) is used herein as the equivalent of 1 cubic centi-
meter (cc).

CONCENTRATIONS

Molal, molar, and normal solution concentrations are indicated
throughout this Pharmacopeia for most chemical assay and test pro-
cedures (see also Volumetric Solutions in the section Reagents, Indi-
cators, and Solutions). Molality is designated by the symbol m
preceded by a number that is the number of moles of the designated
solute contained in 1 kilogram of the designated solvent. Molarity is
designated by the symbol M preceded by a number that is the number
of moles of the designated solute contained in an amount of the de-
signated solvent that is sufficient to prepare 1 L of solution. Normal-
ity is designated by the symbol N preceded by a number that is the
number of equivalents of the designated solute contained in an
amount of the designated solvent that is sufficient to prepare 1 L of
solution.

Percentage Measurements—Percentage concentrations are ex-
pressed as follows:

Percent Weight in Weight—(w/w) expresses the number of g of a
constituent in 100 g of solution or mixture.

Percent Weight in Volume—(w/v) expresses the number of g of a
constituent in 100 mL of solution, and is used regardless of whether
water or another liquid is the solvent.

Percent Volume in Volume—(v/v) expresses the number of mL of
a constituent in 100 mL of solution.

The term percent used without qualification means, for mixtures
of solids and semisolids, percent weight in weight; for solutions or
suspensions of solids in liquids, percent weight in volume; for solu-
tions of liquids in liquids, percent volume in volume; and for solu-
tions of gases in liquids, percent weight in volume. For example, a
1 percent solution is prepared by dissolving 1 g of a solid or semiso-
lid, or 1 mL of a liquid, in sufficient solvent to make 100 mL of the
solution.

In the dispensing of prescription medications, slight changes in
volume owing to variations in room temperatures may be disre-
garded.

~

The General Notices and Requirements section (the Gen-

eral Notices) presents the basic assumptions, definitions, and

default conditions for the interpretation and application of the

United States Pharmacopeia (USP) and the National Formu-

lary (NF).

Requirements stated in these General Notices apply to all

articles recognized in the USP and NF (the ‘‘compendia’’)

and to all General Chapters unless specifically stated other-

wise. Where the requirements of an individual monograph dif-

fer from the General Notices or an official General Chapter,

the monograph requirements apply and supersede the require-

ments of the General Notices or an official General Chapter,

whether or not the monograph explicitly notes the difference.

x 1. TITLE AND REVISION

The full title of this publication (consisting of three volumes

and including its Supplements), is The Pharmacopeia of the

United States of America, Thirty-Second Revision and the Na-

tional Formulary, Twenty-Seventh Edition. These titles may

be abbreviated to United States Pharmacopeia, Thirty-Second

Revision (or to USP 32), to NF 27, and to USP 32–NF 27. The

United States Pharmacopeia, Thirty-Second Revision, and the

National Formulary, Twenty-Seventh Edition, supersede all

earlier revisions. Where the terms ‘‘USP,’’ ‘‘NF,’’ or ‘‘USP–

NF’’ are used without further qualification during the period

in which these compendia are official, they refer only to

USP 32, NF 27, and any Supplement(s) thereto. The same ti-

tles, with no further distinction, apply equally to print or elec-

tronic presentation of these contents. Although USP and NF

are published under one cover and share these General No-

tices, they are separate compendia.

This revision is official beginning May 1, 2009, unless

otherwise indicated in a monograph or General Chapter.

Supplements to USP and NF are published periodically and

include text approved by the responsible Expert Committee(s),

following publication in draft form in Pharmacopeial Forum

and opportunity for public comment.
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Interim Revision Announcements are revisions to USP and

NF that are published in Pharmacopeial Forum. These publica-

tions contain official revisions and their effective dates, an-

nouncements of the availability of new USP Reference

Standards, and announcements of tests or procedures that are

held in abeyance pending availability of required USP Refer-

ence Standards.

Revision Bulletins are revisions to the official text or post-

ponements that require expedited publication. They are pub-

lished on the USP website and generally are official

immediately unless otherwise specified in the Revision Bulletin.

x 2. OFFICIAL STATUS

x 2.1. Official Text

Official text is text contained in USP and NF, including

monographs, General Chapters, and these General Notices.

General Chapters numbered above 1000 are considered inter-

pretive and are intended to provide information on, give defini-

tion to, or describe a particular subject. They contain no

mandatory requirements applicable to any official article unless

specifically referenced in a monograph or elsewhere in the com-

pendia.

x 2.2. Official Articles

An official article is an article that is recognized in USP or

NF. An article is deemed to be recognized and included in a

compendium when a monograph for the article is published

in the compendium and an official date is generally or specifi-

cally assigned to the monograph.

The title specified in a monograph is the official title for

such article. Other names considered to be synonyms of the of-

ficial titles may not be used as substitutes for official titles.

Official articles include both official substances and offi-

cial products. An official substance is a drug substance, excip-

ient, dietary ingredient, other ingredient, or component of a

finished device for which the monograph title includes no indi-

cation of the nature of the finished form.

An official product is a drug product, dietary supplement,

compounded preparation, or finished device for which a mono-

graph is provided. Official products other than dietary supple-

ments are prepared from ingredients that meet USP or NF

standards, where standards for such ingredients exist. Gener-

ally, dietary supplements are prepared from ingredients that

meet USP, FCC, or NF standards. Where such standards do

not exist, substances may be used in dietary supplements if they

have been shown to be of acceptable food grade quality using

other suitable procedures.

x 3. CONFORMANCE TO STANDARDS

x 3.1. Applicability of Standards

USP standards for an article recognized in a USP compen-

dium are expressed in the article’s monograph, applicable Gen-

eral Chapters, and these General Notices. Unless specifically

exempted elsewhere in a compendium, the identity, strength,

quality, and purity of an article are determined by the official

tests, procedures, and acceptance criteria, whether incorporated

in the monograph itself, in the General Notices, or in the appli-

cable General Chapters.

The standards in the relevant monograph, General Chap-

ter(s), and General Notices apply at any time in the life of the

article from production to expiration. The manufacturer’s re-

lease specifications, and current good manufacturing practices

(GMPs) generally, are developed and followed to ensure that

the article will comply with compendial standards until its ex-

piration date, when stored as directed. Thus, any official article

tested as directed in the relevant monograph shall comply.

At times, USP’s compendial standards take on the charac-

ter of statistical procedures, with multiple units involved and

perhaps a sequential procedural design to allow the user to de-

termine that the tested article meets or does not meet the stan-

dard. The similarity to statistical procedures may seem to

suggest an intent to make inference to some larger group of

units, but in all cases, statements about whether the compendial

standard is met apply only to the units tested. Repeats, repli-

cates, statistical rejection of outliers, or extrapolations of results
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to larger populations are neither specified nor proscribed by

the compendia. Such decisions depend on the objectives of

the testing. First-party (manufacturer), second-party (buyer),

or third-party (regulator) compliance testing may or may not

require examination of additional specimens, in accordance

with predetermined guidelines or sampling strategies.

x 3.1.1. To Drug Products, Drug Substances, and

Excipients

The applicable USP or NF standard(s) applies to any ar-

ticle marketed in the United States that (1) is recognized in the

compendium and (2) is intended or labeled for use as a drug or

as an ingredient in a drug. The applicable standards apply to

such articles whether or not the added designation ‘‘USP’’ or

‘‘NF’’ is used. The standards apply equally to articles bearing

the official titles or names derived by transposition of the de-

finitive words of official titles or transposition in the order of

the names of two or more active ingredients in official titles.

When a drug product, drug substance, or excipient differs

from the relevant USP or NF standard of strength, quality, or

purity, as determined by the application of the tests, proce-

dures, and acceptance criteria set forth in the relevant compen-

dium, its difference shall be plainly stated on its label.

When a drug product, drug substance, or excipient fails to

comply with the identity prescribed in USP or NF or contains

an added substance that interferes with the prescribed tests and

procedures, the article shall be designated by a name that is

clearly distinguishing and differentiating from any name re-

cognized in USP or NF.

x 3.1.2. To Medical Devices, Dietary Supplements, and

Their Components and Ingredients

An article recognized in USP or NF shall comply with the

compendial standards if the article is a medical device, com-

ponent intended for a medical device, dietary supplement,

dietary ingredient, or other ingredient that is intended for in-

corporation in a dietary supplement, and is labeled as con-

forming to the USP or NF.

x 3.2. Indicating Conformance

An article may use the designation ‘‘USP’’ or ‘‘NF’’ in

conjunction with its official title or elsewhere on the label only

when (1) a monograph is provided in the specified compen-

dium and (2) the article complies with the monograph stan-

dards and other applicable standards in the compendium.

The designation ‘‘USP’’ or ‘‘NF’’ on the label may not

and does not constitute an endorsement by USP and does

not represent assurance by USP that the article is known to

comply with the relevant standards. USP may seek legal re-

dress if an article purports to be or is represented as an official

article in one of USP’s compendia and such claim is deter-

mined by USP not to be made in good faith.

The designation ‘‘USP–NF’’ may be used on the label of

an article provided that the label also bears a statement such as

‘‘Meets NF standards as published by USP,’’ indicating the

particular compendium to which the article purports to apply.

When the letters ‘‘USP,’’ ‘‘NF,’’ or ‘‘USP–NF’’ are used

on the label of an article to indicate compliance with compen-

dial standards, the letters shall appear in conjunction with the

official title of the article. The letters are not to be enclosed in

any symbol such as a circle, square, etc. and shall appear in

capital letters.

If a dietary supplement does not comply with all appli-

cable compendial requirements but contains one or more diet-

ary ingredients or other ingredients that are recognized in USP

or NF, the individual ingredient(s) may be designated as com-

plying with USP or NF standards or being of USP or NF qual-

ity provided that the designation is limited to the individual

ingredient(s) and does not suggest that the dietary supplement

complies with USP standards.

x 4. MONOGRAPHS AND GENERAL CHAPTERS

x 4.1. Monographs

Monographs set forth the article’s name, definition, speci-

fication, and other requirements related to packaging, storage,

and labeling. The specification consists of tests, procedures,

and acceptance criteria that help ensure the identity, strength,
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quality, and purity of the article. For general requirements relat-

ing to specific monograph sections, see section 5, Monograph

Components.

Because of differing characteristics not standardized by the

compendia, some official substances may conform to the USP

or NF standard but differ with regard to other, nonstandardized

properties that are relevant to its use in a specific preparation.

To assure interchangeability in such instances, users may wish

to ascertain final performance equivalency or determine such

characteristics before use.

x 4.1.1. Applicability of Test Procedures

A single monograph may include several different tests,

procedures, and/or acceptance criteria that reflect attributes of

different manufacturers’ articles. Such alternatives may be pre-

sented for different polymorphic forms, impurities, hydrates,

and dissolution cases. Monographs indicate the tests, proce-

dures, and/or acceptance criteria to be used and the required la-

beling.

x 4.1.2. Acceptance Criteria

The acceptance criteria allow for analytical error, for una-

voidable variations in manufacturing and compounding, and for

deterioration to an extent considered acceptable under practical

conditions. The existence of compendial acceptance criteria

does not constitute a basis for a claim that an official substance

that more nearly approaches 100 percent purity ‘‘exceeds’’

compendial quality. Similarly, the fact that an article has been

prepared to tighter criteria than those specified in the mono-

graph does not constitute a basis for a claim that the article ‘‘ex-

ceeds’’ the compendial requirements.

An official product shall be formulated with the intent to

provide 100 percent of the quantity of each ingredient declared

on the label. Where the minimum amount of a substance pre-

sent in a dietary supplement is required by law to be higher than

the lower acceptance criterion allowed for in the monograph,

the upper acceptance criterion contained in the monograph

may be increased by a corresponding amount.

The acceptance criteria specified in individual monographs

and in the General Chapters for compounded preparations are

based on such attributes of quality as might be expected to char-

acterize an article compounded from suitable bulk drug sub-

stances and ingredients using the procedures provided or

recognized principles of good pharmaceutical practice as de-

scribed in these compendia.

x 4.2. General Chapters

Each General Chapter is assigned a number that appears in

angle brackets adjacent to the chapter name (e.g., Chromatog-

raphy h621i). General Chapters may contain the following:

� Descriptions of tests and procedures for application

through individual monographs,

� General information for the interpretation of the compen-

dial requirements, or

� General guidance to manufacturers of official substances or

official products.

When a General Chapter is referenced in a monograph, ac-

ceptance criteria may be presented after a colon.

Some chapters may serve as introductory overviews of a

test or of analytical techniques. They may reference other Gen-

eral Chapters that contain techniques, details of the procedures,

and, at times, acceptance criteria.

x 5. MONOGRAPH COMPONENTS

x 5.1. Molecular Formula

The use of the molecular formula for the active ingredi-

ent(s) named in defining the required strength of a compendial

article is intended to designate the chemical entity or entities, as

given in the complete chemical name of the article, having ab-

solute (100 percent) purity.

x 5.2. Ingredients and Added Substances

All substances are regarded as unsuitable for inclusion in

an official article and therefore prohibited unless: (1) they do

not exceed the minimum quantity required for providing their

intended effect; (2) their presence does not impair the bioavail-
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ability, therapeutic efficacy, and safety of the official article;

and (3) they do not interfere with the assays and tests pre-

scribed for determining compliance with the compendial stan-

dards.

x 5.2.1. In Official Articles

The air in a container of an official article may, where ap-

propriate, be evacuated or be replaced by carbon dioxide, he-

lium, argon, or nitrogen, or by a mixture of these gases. The

use of such gas need not be declared in the labeling.

x 5.2.2. In Official Substances

Official substances may contain only the specific added

substances that are permitted by the individual monograph.

Where such addition is permitted, the label shall indicate the

name(s) and amount(s) of any added substance(s).

x 5.2.3. In Official Products

x 5.2.3.1. In Drug Products

Suitable substances such as antimicrobial agents, bases,

carriers, coatings, flavors, preservatives, stabilizers, and vehi-

cles may be added to an official product to enhance its stabi-

lity, usefulness, or elegance, or to facilitate its preparation,

unless otherwise specified in the individual monograph.

x 5.2.3.1.1. Colors

Added substances employed solely to impart color may

be incorporated into official products other than those intended

for parenteral or ophthalmic use, in accordance with the regu-

lations pertaining to the use of colors issued by the U.S. Food

and Drug Administration (FDA), provided such added sub-

stances are otherwise appropriate in all respects. (See also

Added Substances under Injections h1i.)

x 5.2.3.1.2. Ointments and Suppositories

The proportions of the substances constituting the base in

ointment and suppository products and preparations may be

varied to maintain a suitable consistency under different cli-

matic conditions, provided that the concentrations of active in-

gredients are not varied and provided that the bioavailability,

therapeutic efficacy, and safety of the preparation are not im-

paired.

x 5.2.3.2. In Compounded Preparations

Compounded preparations for which a complete compo-

sition is given shall contain only the ingredients named in the

formulas unless specifically exempted herein or in the indivi-

dual monograph. Deviation from the specified processes or

methods of compounding, although not from the ingredients

or proportions thereof, may occur provided that the finished

preparation conforms to the relevant standards and to prepara-

tions produced by following the specified process.

x 5.2.3.2.1. Dried Basis

Where a monograph for a compounded preparation calls

for an ingredient in an amount expressed on the dried basis,

the ingredient need not be dried before use if due allowance

is made for the water or other volatile substances present in

the quantity taken.

x 5.2.3.2.2. Denatured Alcohol

Specially denatured alcohol formulas are available for use

in accordance with federal statutes and regulations of the Inter-

nal Revenue Service. A suitable formula of specially dena-

tured alcohol may be substituted for Alcohol in the

manufacture of official preparations intended for internal or to-

pical use, provided that the denaturant is volatile and does not

remain in the finished product. A preparation that is intended

for topical application to the skin may contain specially dena-

tured alcohol, provided that the denaturant is either a usual in-

gredient in the preparation or a permissible added substance;

in either case the denaturant shall be identified on the label of

the topical preparation. Where a process is given in the indi-

vidual monograph, any preparation compounded using dena-

tured alcohol shall be identical to that prepared by the

monograph process.

Pharmacopeial Forum
54 IN-PROCESS REVISION Vol. 34(1) [Jan.–Feb. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



x 5.2.3.3. In Dietary Supplements

Additional ingredients may be added to dietary supplement

products provided that the additional ingredients: (a) contain re-

cognized nutrients; (b) comply with applicable regulatory re-

quirements; and (c) do not interfere with the assays and tests

prescribed for determining compliance with compendial stan-

dards.

x 5.3. Description and Solubility

Only where a quantitative solubility test is given in a

monograph and is designated as such is it a test for purity.

A monograph may include information regarding the arti-

cle’s description. Information about an article’s ‘‘description

and solubility’’ also is provided in the reference table Descrip-

tion and Relative Solubility of USP and NFArticles. The refer-

ence table merely denotes the properties of articles that comply

with monograph standards. The reference table is intended pri-

marily for those who use, prepare, and dispense drugs and/or

related articles. Although the information provided in mono-

graphs and the information in the reference table may indirectly

assist in the preliminary evaluation of an article, it is not in-

tended to serve as a standard or test for purity.

x 5.4. Identification Test

The compendial test titled Identification is provided as an

aid in verifying the identity of articles as they are purported to

be, e.g., those taken from labeled containers. Tests presented in

the Identification section shall be used to assist in establishing

the identity of the substance but are not necessarily sufficient to

establish proof of identity. Other tests and specifications in the

monograph often are necessary to establish or confirm the iden-

tity of an article. Failure of an article to meet the requirements

of a prescribed Identification test may indicate that the article is

mislabeled.

x 5.5. Assay

Where Content Uniformity determinations have been made

using the same analytical methodology specified in the Assay,

with appropriate allowances made for differences in sample

preparation, the average of all of the individual Content Unifor-

mity determinations may be used as the Assay value.

Assay tests for compounded preparations are not intended

for evaluating a compounded preparation before dispensing,

but instead are intended to serve as the official test in the event

of a question or dispute regarding the preparation’s confor-

mance to official standards.

x 5.5.1. Units of Potency (Biological)

For substances that cannot be completely characterized by

chemical and physical means, it may be necessary to express

quantities of activity in biological units of potency, each defined

by an authoritative, designated reference standard.

Units of biological potency defined by the World Health

Organization (WHO) for International Biological Standards

and International Biological Reference Preparations are termed

International Units (IU). Monographs refer to the units defined

by USP Reference Standards as ‘‘USP Units.’’ For biological

products, units of potency are defined by the corresponding

U.S. Standard established by FDA, whether or not International

Units or USP Units have been defined (see Biologics h1041i).

x 5.6. Impurities and Foreign Substances

Tests for the presence of foreign substances and impurities

are provided to limit such substances to amounts that are unob-

jectionable under conditions in which the article is customarily

employed (see also Impurities in Official Articles h1086i).

Nonmonograph tests and acceptance criteria suitable for

detecting and controlling impurities that may result from a

change in the processing methods or that may be introduced

from external sources should be employed in addition to the

tests provided in the individual monograph, where the presence

of the impurity is inconsistent with applicable current GMPs or

good pharmaceutical practice.

x 5.6.1. Other Impurities in USP and NF Articles

If a USP or NF monograph includes an assay or organic

impurity test based on chromatography, other than a test for re-

sidual solvents, and that monograph procedure does not detect

an impurity present in the substance, the amount and identity of
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the impurity, where both are known, shall be stated in the la-

beling (certificate of analysis) of the official substance, under

the heading Other Impurity(ies).

The presence of any unlabeled other impurity in an offi-

cial substance is a variance from the standard if the content is

0.1% or greater. The sum of all Other Impurities combined

with the monograph-detected impurities may not exceed

2.0% (see Ordinary Impurities h466i), unless otherwise stated

in the monograph.

The following categories of drug substances are excluded

from Other Impurities requirements:

� fermentation products and semi-synthetics derived there-

from,

� radiopharmaceuticals,

� biologics,

� biotechnology-derived products,

� peptides,

� herbals, and

� crude products of animal or plant origin.

Any substance known to be toxic shall not be listed under

Other Impurities.

x 5.6.2. Residual Solvents in USP and NF Articles

All USP and NF articles are subject to relevant control of

residual solvents, even when no test is specified in the indivi-

dual monograph. In addition, the toxicity and residual level of

each solvent shall be taken into consideration, and the solvents

are limited according to the principles defined and the require-

ments specified in Residual Solvents h467i, using the general

methods presented therein or other suitable methods.

x 5.7. USP Reference Standards

USP Reference Standards are authentic specimens that

have been approved by the USP Reference Standards Expert

Committee as suitable for use as comparison standards in USP

or NF tests and assays. (See USP Reference Standards h11i.)

Current official lots of USP Reference Standards are published

in the USP Reference Standards Catalog. Where a procedure

calls for the use of a compendial article rather than for a USP

Reference Standard as a material standard of reference, a sub-

stance meeting all of the compendial monograph requirements

for that article shall be used. No new USP or NF standard or

procedure requiring the use of a new USP Reference Standard

shall be official until the specified USP Reference Standard is

available.

Unless a reference standard label bears a specific potency

or content, assume the reference standard is 100.0% pure in

the official application. Unless otherwise directed in the proce-

dure in the individual monograph or in a General Chapter,

USP Reference Standards are to be dried before use, or used

without prior drying, specifically in accordance with the in-

structions given on the label of the Reference Standard.

x 6. TESTING PRACTICES AND PROCEDURES

x 6.1. Safe Laboratory Practices

In performing compendial procedures, safe laboratory

practices shall be followed, including precautionary measures,

protective equipment, and work practices consistent with the

chemicals and procedures used. Before undertaking any

procedure described in the compendia, the analyst should be

aware of the hazards associated with the chemicals and the

techniques and means of protecting against them. These com-

pendia are not designed to describe such hazards or protective

measures.

x 6.2. Automated Procedures

Automated and manual procedures employing the same

basic chemistry are considered equivalent.

x 6.3. Alternative And Harmonized Methods and Proce-

dures

Alternative methods and/or procedures may be used if

they provide advantages in terms of accuracy, sensitivity, pre-

cision, selectivity, or adaptability to automation or computer-

ized data reduction, or in other special circumstances. Such

alternative procedures and methods shall be validated as de-

Pharmacopeial Forum
56 IN-PROCESS REVISION Vol. 34(1) [Jan.–Feb. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



scribed in General Chapter Validation of Compendial Proce-

dures h1225i and must be shown to give equivalent or better

results. Only those results obtained by the methods and proce-

dures given in the compendium are conclusive.

In some cases, the compendial procedure will not be appro-

priate for a particular manufacturer’s article. In such situations,

an alternative procedure need not be shown to be equivalent to

the compendial procedure. Instead, the alternative procedure

should be submitted to USP for evaluation as a potential repla-

cement or addition to the standard (see section 4.1, Mono-

graphs).

Certain General Chapters contain a statement that the text

in question is harmonized with the corresponding text of the

European Pharmacopoeia and/or the Japanese Pharmaco-

poeia and that these texts are interchangeable. Therefore, if a

substance or preparation is found to comply with a requirement

using an interchangeable method or procedure from one of

these pharmacopeias, it should comply with the requirements

of the USP. When a difference appears, or in the event of dis-

pute, only the result obtained by the method and/or procedure

given in the USP is conclusive.

x 6.4. Dried, Anhydrous, Ignited, or Solvent-Free Basis

All calculations in the compendia assume an ‘‘as-is’’ basis

unless otherwise specified.

Test procedures may be performed on the undried or unig-

nited substance and the results calculated on the dried, anhy-

drous, or ignited basis, provided a test for Loss on drying, or

Water, or Loss on ignition, respectively, is given in the mono-

graph. Where the presence of moisture or other volatile material

may interfere with the procedure, previous drying of the sub-

stance is specified in the individual monograph and is obliga-

tory.

The term "solvent-free" signifies that the calculation shall

be corrected for the presence of known solvents other than

those solvents addressed through procedures for residual sol-

vents.

The term ‘‘previously dried’’ without qualification signifies

that the substance shall be dried as directed under Loss on Dry-

ing h731i or Water Determination h921i (gravimetric determi-

nation).

Where drying in vacuum over a desiccant is directed, a

vacuum desiccator, a vacuum drying pistol, or other suitable

vacuum drying apparatus shall be used.

x 6.4.1. Ignite To Constant Weight

‘‘Ignite to constant weight’’ means that ignition shall be

continued at 800 + 258, unless otherwise indicated, until two

consecutive weighings, the second of which is taken after an

additional period appropriate to the nature and quantity of the

residue, do not differ by more than 0.50 mg per g of substance

taken.

x 6.4.2. Dried To Constant Weight

‘‘Dried to constant weight’’ means that drying shall be con-

tinued until two consecutive weighings, the second of which is

taken after an after an additional drying period appropriate to

the nature and quantity of the residue, do not differ by more

than 0.50 mg per g of substance taken.

x 6.5. Sample Preparation

x 6.5.1. Filtration

Where a procedure gives direction to ‘‘filter’’ without

further qualification, the liquid shall be passed through suitable

filter paper or equivalent device until the filtrate is clear. Due to

the possibility of filter effects, the initial volumes of a filtrate

may be discarded.

x 6.5.2. Solutions

Unless otherwise specified, all solutions shall be prepared

with Purified Water. Solutions for quantitative measures shall

be prepared using accurately weighed or accurately measured

analytes (see section 8.2, About).

An expression such as ‘‘(1 in 10)’’ means that 1 part by

volume of a liquid shall be diluted with, or 1 part by weight

of a solid shall be dissolved in, a sufficient quantity of the dil-

uent or solvent to make the volume of the finished solution 10
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parts by volume. An expression such as ‘‘(20:5:2)’’ means that

the respective numbers of parts, by volume, of the designated

liquids shall be mixed, unless otherwise indicated.

x 6.5.2.1. Adjustments to Solutions

When a specified concentration is called for in a proce-

dure, a solution of other normality or molarity may be used,

provided that allowance is made for the difference in concen-

tration and that the change does not increase the error of mea-

surement.

Unless otherwise indicated, analyte concentrations shall

be prepared to within ten percent (10%) of the indicated value.

To adapt a procedure to the working range of an instrument,

solution concentrations may differ from the indicated value by

more than ten percent (10%), with appropriate changes in as-

sociated calculations. Any changes shall fall within the vali-

dated range of the instrument.

When adjustment of pH is indicated with either an acid or

base and the concentration is not indicated, appropriate con-

centrations of that acid or base may be used.

x 6.5.2.2. Test Solutions

Information on Test Solutions (TS) is provided as gui-

dance in the Test Solutions portion of the Reagents, Indicators,

and Solutions section of the USP–NF. Use of an alternative

Test Solution or a change in the Test Solution used may require

validation.

x 6.5.2.3. Indicator Solutions

Where a procedure specifies the use of an Indicator TS,

approximately 0.2 mL, or 3 drops, of the solution shall be

added unless otherwise directed.

x 6.6. Units Necessary to Complete a Test

Unless otherwise specified, a sufficient number of units to

assure a suitable analytical result shall be taken.

x 6.6.1. Tablets

Where the procedure of a Tablet monograph directs to

‘‘weigh and finely powder not fewer than’’ a given number

(usually 20) of Tablets, a counted number of Tablets shall be

weighed and reduced to a powder. The portion of the pow-

dered Tablets taken for assay is representative of the whole

Tablets and is, in turn, weighed accurately.

x 6.6.2. Capsules

Where the assay of Capsules gives direction to remove, as

completely as possible, the contents of not fewer than a given

number (usually 20) of the Capsules, a counted number of

Capsules shall be carefully opened and the contents quantita-

tively removed, combined, mixed, and weighed accurately.

The portion of mixed Capsules contents taken for the assay

shall be representative of the contents of the Capsules and

shall, in turn, be weighed accurately.

x 6.7. Reagents

The proper conduct of the compendial procedures and the

reliability of the results depend, in part, upon the quality of the

reagents used in the performance of the procedures. Unless

otherwise specified, reagents conforming to the specifications

set forth in the current edition of Reagent Chemicals published

by the American Chemical Society (ACS) shall be used.

Where such ACS reagent specifications are not available or

where the required purity differs, compendial specifications

for reagents of acceptable quality are provided (see the Re-

agents, Indicators, and Solutions section of the USP–NF). Re-

agents not covered by any of these specifications should be of

a grade suitable to the proper performance of the method of

assay or test involved.

Listing of these reagents, including the indicators and so-

lutions employed as reagents, in no way implies that they have

therapeutic utility; furthermore, any reference to USP–NF in

their labeling shall include also the term ‘‘reagent’’ or ‘‘reagent

grade.’’ USP may supply reagents if they otherwise may not

be generally commercially available.

x 6.8. Equipment

Unless otherwise specified, a specification for a definite

size or type of container or apparatus in a procedure is given

solely as a recommendation. Other dimensions or types may

be used if they are suitable for the intended use.
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x 6.8.1. Apparatus for Measurement

Where volumetric flasks or other exact measuring, weigh-

ing, or sorting devices are specified, this or other equipment of

at least equivalent accuracy shall be employed.

x 6.8.1.1. Pipet

Where a pipet is specified, a suitable buret may be substi-

tuted. Where a ‘‘to contain’’ pipet is specified, a suitable volu-

metric flask may be substituted.

x 6.8.1.2. Light Protection

Where low-actinic or light-resistant containers are speci-

fied, either containers specially treated to protect contents from

light or clear containers that have been rendered opaque by ap-

plication of a suitable coating or wrapping may be used.

x 6.8.2. Instrumental Apparatus

An instrument may be substituted for the specified instru-

ment if the substitute uses the same fundamental principles of

operation and is of equivalent or greater sensitivity and accu-

racy. These characteristics shall be qualified as appropriate.

Where a particular brand or source of a material, instrument,

or piece of equipment, or the name and address of a manufac-

turer or distributor, is mentioned (ordinarily in a footnote), this

identification is furnished solely for informational purposes as a

matter of convenience, without implication of approval, endor-

sement, or certification.

x 6.8.2.1. Chromatographic Tubes and Columns

The term ‘‘diameter’’ refers to internal diameter (ID).

x 6.8.2.2. Tubing

The term ‘‘diameter’’ refers to outside diameter (OD).

x 6.8.2.3. Steam Bath

Where use of a steam bath is directed, use actively flowing

steam or another regulated heat source controlled at an equiva-

lent temperature.

x 6.8.2.4. Water Bath

A water bath requires vigorously boiling water unless

otherwise specified.

x 7. TEST RESULTS

x 7.1. Interpretation of Requirements

Analytical results observed in the laboratory (or calculated

from experimental measurements) are compared with stated ac-

ceptance criteria to determine whether the article conforms to

compendial requirements.

The reportable value, which often is a summary value for

several individual determinations, is compared with the accep-

tance criteria. The reportable value is the end result of a com-

pleted measurement procedure, as documented.

Where acceptance criteria are expressed numerically here-

in through specification of an upper and/or lower limit, per-

mitted values include the specified values themselves, but no

values outside the limit(s). Acceptance criteria are considered

significant to the last digit shown.

x 7.1.1. Equivalence Statements in Titrimetric Procedures

The directions for titrimetric procedures conclude with a

statement of the weight of the analyte that is equivalent to each

mL of the standardized titrant. In such an equivalence state-

ment, the number of significant figures in the concentration of

the titrant should be understood to correspond to the number of

significant figures in the weight of the analyte. Corrections to

calculations based on the blank determination are to be made

for all titrimetric assays where appropriate (see Titrimetry

h541i).

x 7.2. Rounding Rules

The observed or calculated values shall be rounded off to

the number of decimal places that is in agreement with the limit

expression. Numbers should not be rounded until the final cal-

culations for the reportable value have been completed. Inter-

mediate calculations (e.g., slope for linearity) may be rounded
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for reporting purposes, but the original (not rounded) value

should be used for any additional required calculations. Ac-

ceptance criteria are fixed numbers and are not rounded.

When rounding is required, consider only one digit in the

decimal place to the right of the last place in the limit expres-

sion. If this digit is smaller than 5, it is eliminated and the pre-

ceding digit is unchanged. If this digit is equal to or greater

than 5, it is eliminated and the preceding digit is increased

by one.

Illustration of Rounding Numerical Values for Comparison with Requirements

Compendial Requirement Unrounded Value Rounded Result Conforms

Assay limit �98.0% 97.96% 98.0% Yes
97.92% 97.9% No
97.95% 98.0% Yes

Assay limit �101.5% 101.55% 101.6% No
101.46% 101.5% Yes
101.45% 101.5% Yes

Limit test �0.02% 0.025% 0.03% No
0.015% 0.02% Yes
0.027% 0.03% No

Limit test �3 ppm 3.5 ppm 4 ppm No
2.5 ppm 3 ppm Yes
2.8 ppm 3 ppm Yes

x 8. TERMS AND DEFINITIONS

x 8.1. Abbreviations

� RS refers to a USP Reference Standard.

� CS refers to a Colorimetric Solution.

� TS refers to a Test Solution.

� VS refers to a Volumetric Solution that is standardized in

accordance with directions given in the individual mono-

graph or in the Reagents, Indicators, and Solutions sec-

tion of USP–NF.

x 8.2. About

‘‘About’’ indicates a quantity within 10%.

If the measurement is stated to be ‘‘accurately measured’’

or ‘‘accurately weighed,’’ follow the statements in General

Chapters Volumetric Apparatus h31i and Weights and Bal-

ances h41i, respectively.

x 8.3. Alcohol Content

Percentages of alcohol, such as those under the heading

Alcohol content, refer to percentage by volume of C2H5OH

at 15.568. Where a formula, test, or assay calls for alcohol,

ethyl alcohol, or ethanol, the USP monograph article Alcohol

shall be used. Where reference is made to ‘‘C2H5OH,’’ abso-

lute (100 percent) ethanol is intended. Where a procedure calls

for dehydrated alcohol, alcohol absolute, or anhydrous alco-

hol, the USP monograph article Dehydrated Alcohol shall be

used.

x 8.4. Atomic Weights

Atomic weights used in computing molecular weights

and the factors in the assays and elsewhere are those estab-

lished by the IUPAC Commission on Atomic Weights and Iso-

topic Abundances.

x 8.5. Blank Determinations

Where it is directed that ‘‘any necessary correction’’ be

made by a blank determination, the determination shall be

conducted using the same quantities of the same reagents trea-

ted in the same manner as the solution or mixture containing

the portion of the substance under assay or test, but with the

substance itself omitted.

x 8.6. Concomitantly

‘‘Concomitantly’’ denotes that the determinations or mea-

surements are to be performed in immediate succession.
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x 8.7. Desiccator

The instruction ‘‘in a desiccator’’ indicates use of a tightly

closed container of suitable size and design that maintains an

atmosphere of low moisture content by means of a suitable de-

siccant such as anhydrous calcium chloride, magnesium per-

chlorate, phosphorus pentoxide, or silica gel. See also section

8.22, Vacuum Desiccator.

x 8.8. Logarithms

Logarithms are to the base 10.

x 8.9. Microbial Strain

A microbial strain cited and identified by its ATCC catalog

number shall be used directly or, if subcultured, shall be used

not more than five passages removed from the original strain.

x 8.10. Negligible

‘‘Negligible’’ indicates a quantity not exceeding 0.50 mg.

x 8.11. NLT/NMT

‘‘NLT’’ means ‘‘not less than.’’‘‘NMT’’ means ‘‘not more

than.’’

x 8.12. Odor

‘‘Odorless,’’ ‘‘practically odorless,’’ ‘‘a faint characteristic

odor,’’ and variations thereof indicate evaluation of a material

after exposure to the air for 15 minutes. For packages contain-

ing not more than 25 g of the article, expose the freshly opened

package. For larger packages, expose about 25 g of the article in

an open evaporating dish of about 100-mL capacity. An odor

designation is descriptive only and should not be regarded as

a standard of purity for a particular lot of an article.

x 8.13. Percent

‘‘Percent’’ used without qualification means:

� For mixtures of solids and semisolids, percent weight in

weight;

� For solutions or suspensions of solids in liquids, percent

weight in volume;

� For solutions of liquids in liquids, percent volume in vol-

ume;

� For solutions of gases in liquids, percent weight in volume.

For example, a 1 percent solution is prepared by dissolving

1 g of a solid or semisolid, or 1 mL of a liquid, in sufficient

solvent to make 100 mL of the solution.

x 8.14. Percentage Concentrations

Percentage concentrations are expressed as follows:

Percent Weight in Weight (w/w) is defined as the number of g of

a solute in 100 g of solution.

Percent Weight in Volume (w/v) is defined as number of g of a

solute in 100 mL of solution.

Percent Volume in Volume(v/v) is defined as the number of mL

of a solute in 100 mL of solution.

x 8.15. Pressure

Pressure, measured in mm of mercury, is determined by

use of a suitable manometer or barometer calibrated in terms

of the pressure exerted by a column of mercury of the stated

height.

x 8.16. Reaction Time

Reaction time is 5 minutes unless otherwise specified.

x 8.17. Specific Gravity

Specific gravity is the weight of a substance in air at 258

divided by the weight of an equal volume of water at the same

temperature.

x 8.18. Temperatures

Temperature is expressed in centigrade (Celsius) degrees,

and all measurements are made at 258 unless otherwise indi-

cated. Where moderate heat is specified, any temperature not

higher than 458(1138 F) is indicated.

x 8.19. Time

Unless otherwise specified, rounding rules, as described in

section 7.2, Rounding Rules, apply to any time specified.

x 8.20. Transfer

‘‘Transfer’’ indicates a quantitative manipulation.
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x 8.21. Vacuum

‘‘Vacuum’’ denotes exposure to a pressure of less than 20

mm of mercury, unless otherwise indicated.

x 8.22. Vacuum Desiccator

‘‘Vacuum desiccator’’ indicates a desiccator that main-

tains a low-moisture atmosphere at a reduced pressure of not

more than 20 mm of mercury or at the pressure designated in

the individual monograph.

x 8.23. Water

x 8.23.1. As an Ingredient in an Official Product

As an ingredient in an official product, water meets the

requirements for Purified Water, Water for Injection, or one

of the sterile forms of water covered by a USP or NF mono-

graph.

x 8.23.2. In the Manufacture of Official Substances

When used in the manufacture of official substances,

water meets the requirements for drinking water as set forth

in the regulations of the U.S. Environmental Protection

Agency (potable water).

x 8.23.3. In a Compendial Procedure

When water is called for in a compendial procedure, the

USP article Purified Water shall be used unless otherwise spe-

cified. ‘‘Carbon dioxide-free water’’ is Purified Water that has

been boiled vigorously for 5 minutes or more and allowed to

cool while protected from absorption of carbon dioxide from

the atmosphere, or Purified Water that has a resistivity of not

less than 18 Mohm-cm. ‘‘Deaerated water,’’ for purposes other

than dissolution and drug release testing, is Purified Water that

has been treated to reduce the content of dissolved air by suit-

able means, such as by boiling vigorously for 5 minutes and

cooling or by the application of ultrasonic vibration. ForHigh-

Purity Water see Containers—Glass h660i.

x 8.24. Weights and Measures

In general, weights and measures are expressed in Inter-

national System of Units (SI) as established and revised by the

Conférence générale des poids et mesures. For compendial

purposes, the term ‘‘weight’’ is considered to be synonymous

with ‘‘mass.’’

The symbol mg is used in the USP and NF to represent

micrograms. The term ‘‘gamma,’’ symbolized by g, frequently

is used to represent micrograms in biochemical literature. For

labeling and prescribing purposes, ‘‘mcg’’ may be used for this

purpose.

x 9. PRESERVATION, PACKAGING, STORAGE, AND

LABELING

x 9.1. Storage Under Nonspecific Conditions

Where no specific directions or limitations are provided in

the Packaging and storage section of individual monographs

or in the article’s labeling, the conditions of storage shall in-

clude storage at controlled room temperature, protection from

moisture, and, where necessary, protection from light. Articles

shall be protected from moisture, freezing, and excessive heat,

and, where necessary, from light during shipping and distribu-

tion. Drug substances are exempt from the requirements in this

paragraph.

x 9.2. Containers

The container is that which holds the article and is or may

be in direct contact with the article. The immediate container

is that which is in direct contact with the article at all times.

The closure is a part of the container.

Before being filled, the container should be clean. Special

precautions and cleaning procedures may be necessary to en-

sure that each container is clean and that extraneous matter is

not introduced into or onto the article.

The container does not interact physically or chemically

with the article placed in it so as to alter the strength, quality, or

purity of the article beyond the official requirements.
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The compendial requirements for the use of specified con-

tainers apply also to articles as packaged by the pharmacist or

other dispenser, unless otherwise indicated in the individual

monograph.

x 9.2.1. Tamper-Evident Packaging

The container or individual carton of a sterile article in-

tended for ophthalmic or otic use, except where extempora-

neously compounded for immedia te dispensing on

prescription, shall be so sealed that the contents cannot be used

without obvious destruction of the seal.

Articles intended for sale without prescription are also re-

quired to comply with the tamper-evident packaging and label-

ing requirements of the FDA where applicable.

Preferably, the immediate container and/or the outer con-

tainer or protective packaging used by a manufacturer or distri-

butor for all dosage forms that are not specifically exempt is

designed so as to show evidence of any tampering with the con-

tents.

x 9.2.2. Light-Resistant Container

A light-resistant container (see Light Transmission Test un-

der Containers—Performance Testing h671i) protects the con-

tents from the effects of light by virtue of the specific properties

of the material of which it is composed, including any coating

applied to it. Alternatively, a clear and colorless or a translucent

container may be made light-resistant by means of an opaque

covering, in which case the label of the container bears a state-

ment that the opaque covering is needed until the contents are to

be used or administered. Where it is directed to ‘‘protect from

light’’ in an individual monograph, preservation in a light-resis-

tant container is intended.

Where an article is required to be packaged in a light-resis-

tant container, and if the container is made light-resistant by

means of an opaque covering, a single-use, unit-dose container

or mnemonic pack for dispensing may not be removed from the

outer opaque covering before dispensing.

x9.2.3. Well-Closed Container

A well-closed container protects the contents from extra-

neous solids and from loss of the article under the ordinary or

customary conditions of handling, shipment, storage, and dis-

tribution.

x 9.2.4. Tight Container

A tight container protects the contents from contamination

by extraneous liquids, solids, or vapors; from loss of the article;

and from efflorescence, deliquescence, or evaporation under the

ordinary or customary conditions of handling, shipment, stor-

age, and distribution; and is capable of tight reclosure. Where

a tight container is specified, it may be replaced by a hermetic

container for a single dose of an article.

A gas cylinder is a metallic container designed to hold a

gas under pressure. As a safety measure, for carbon dioxide,

cyclopropane, helium, nitrous oxide, and oxygen, the Pin-Index

Safety System of matched fittings is recommended for cylin-

ders of Size E or smaller.

[NOTE—Where packaging and storage in a tight container or a

well-closed container is specified in the individual monograph,

the container used for an article when dispensed on prescription

meets the requirements under Containers—Performance Test-

ing h671i.]

x 9.2.5. Hermetic Container

A hermetic container is impervious to air or any other gas

under the ordinary or customary conditions of handling, ship-

ment, storage, and distribution.

x 9.2.6. Single-Unit Container

A single-unit container is one that is designed to hold a

quantity of drug product intended for administration as a single

dose or a single finished device intended for use promptly after

the container is opened. Preferably, the immediate container

and/or the outer container or protective packaging shall be so

designed as to show evidence of any tampering with the con-

tents. Each single-unit container shall be labeled to indicate the

identity, quantity and/or strength, name of the manufacturer, lot

number, and expiration date of the article.
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x 9.2.7. Single-Dose Container

A single-dose container is a single-unit container for arti-

cles intended for parenteral administration only. A single-dose

container is labeled as such. Examples of single-dose con-

tainers include prefilled syringes, cartridges, fusion-sealed

containers, and closure-sealed containers when so labeled.

(See also Containers for Injections under Injections h1i.)

x 9.2.8. Unit-Dose Container

A unit-dose container is a single-unit container for articles

intended for administration by other than the parenteral route

as a single dose, direct from the container.

x 9.2.9. Unit-of-Use Container

A unit-of-use container is one that contains a specific

quantity of a drug product and that is intended to be dispensed

as such without further modification except for the addition of

appropriate labeling. A unit-of-use container is labeled as

such.

x 9.2.10. Multiple-Unit Container

A multiple-unit container is a container that permits with-

drawal of successive portions of the contents without changing

the strength, quality, or purity of the remaining portion.

x 9.2.11. Multiple-Dose Container

A multiple-dose container is a multiple-unit container for

articles intended for parenteral administration only. (see also

Containers for Injections under Injections h1i).

x 9.2.12. Requirements under the Poison Prevention Pack-

aging Act (PPPA)

This act (see the website, www.cpsc.gov/businfo/

pppa.html) requires special packaging of most human oral pre-

scription drugs, oral controlled drugs, certain non-oral pre-

scription drugs, certain dietary supplements, and many over-

the-counter (OTC) drug preparations in order to protect the

public from personal injury or illness from misuse of these

preparations (16 CFR x 1700.14).

The immediate packaging of substances regulated under

the PPPA shall comply with the special packaging standards

(16 CFR x 1700.15 and 16 CFR x 1700.20). The PPPA regu-

lations for special packaging apply to all packaging types in-

cluding reclosable, nonclosable, and unit-dose types.

Special packaging is not required for drugs dispensed

within a hospital setting for inpatient administration. Manufac-

turers and packagers of bulk-packaged prescription drugs do

not have to use special packaging if the drug will be repack-

aged by the pharmacist. PPPA-regulated prescription drugs

may be dispensed in nonchild-resistant packaging upon the re-

quest of the purchaser or when directed in a legitimate pre-

scription (15 U.S.C. x 1473).

Manufacturers or packagers of PPPA-regulated OTC pre-

parations are allowed to package one size in nonchild-resistant

packaging as long as popular-size, special packages are also

supplied. The nonchild-resistant package requires special la-

beling (16 CFR x 1700.5).

Various types of child-resistant packages are covered in

ASTM International Standard D-3475, Standard Classification

of Child-Resistant Packaging. Examples are included as an aid

in the understanding and comprehension of each type of clas-

sification.

x 9.3. Storage Temperature and Humidity

Specific directions are stated in some monographs with

respect to the temperatures and humidity at which official ar-

ticles shall be stored and distributed (including the shipment of

articles to the consumer) when stability data indicate that stor-

age and distribution at a lower or a higher temperature and a

higher humidity produce undesirable results. Such directions

apply except where the label on an article states a different

storage temperature on the basis of stability studies of that par-

ticular formulation. Where no specific storage directions or

limitations are provided in the individual monograph, but

the label of an article states a storage temperature that is based

on stability studies of that particular formulation, such labeled

storage directions apply. (See also Pharmaceutical Stability

h1150i.) The conditions are defined by the following terms.
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x 9.3.1. Freezer

A place in which the temperature is maintained thermosta-

tically between –258 and –108 (–138 and 148F).

x 9.3.2. Cold

Any temperature not exceeding 88 (468F). A refrigerator is

a cold place in which the temperature is maintained thermosta-

tically between 28 and 88 (368 and 468F).

x 9.3.3. Cool

Any temperature between 88 and 158 (468 and 598F). An

article for which storage in a cool place is directed may, alter-

natively, be stored and distributed in a refrigerator, unless

otherwise specified by the individual monograph.

x 9.3.4. Room Temperature

The temperature prevailing in a working area.

x 9.3.5. Controlled Room Temperature

A temperature maintained thermostatically that encom-

passes the usual and customary working environment of 208

to 258 (688 to 778F); that results in a mean kinetic temperature

calculated to be not more than 258; and that allows for excur-

sions between 158 and 308 (598 and 868F) that are experienced

in pharmacies, hospitals, and warehouses. Provided the mean

kinetic temperature remains in the allowed range, transient

spikes up to 408 are permitted as long as they do not exceed

24 hours. Spikes above 408 may be permitted if the manufac-

turer so instructs. Articles may be labeled for storage at ‘‘con-

trolled room temperature’’ or at ‘‘up to 258’’, or other wording

based on the same mean kinetic temperature. The mean kinetic

temperature is a calculated value that may be used as an isother-

mal storage temperature that simulates the nonisothermal ef-

fec t s of s torage tempera ture var ia t ions . (See a lso

Pharmaceutical Stability h1150i.)

An article for which storage at Controlled room tempera-

ture is directed may, alternatively, be stored and distributed in a

cool place, unless otherwise specified in the individual mono-

graph or on the label.

x 9.3.6. Warm

Any temperature between 308 and 408 (868 and 1048F).

x 9.3.7. Excessive Heat

Any temperature above 408 (1048F).

x 9.3.8. Protection From Freezing

Where, in addition to the risk of breakage of the container,

freezing subjects an article to loss of strength or potency, or to

destructive alteration of its characteristics, the container label

bears an appropriate instruction to protect the article from freez-

ing.

x 9.3.9. Dry Place

The term ‘‘dry place’’ denotes a place that does not exceed

40% average relative humidity at Controlled Room Tempera-

ture or the equivalent water vapor pressure at other tempera-

tures. The determination may be made by direct measurement

at the place or may be based on reported climatic conditions.

Determination is based on not less than 12 equally spaced mea-

surements that encompass either a season, a year, or, where re-

corded data demonstrate, the storage period of the article. There

may be values of up to 45% relative humidity provided that the

average value is 40% relative humidity.

Storage in a container validated to protect the article from

moisture vapor, including storage in bulk, is considered a dry

place.

x 9.4. Labeling

The term ‘‘labeling’’ designates all labels and other written,

printed, or graphic matter upon an immediate container of an

article or upon, or in, any package or wrapper in which it is en-

closed, except any outer shipping container. The term ‘‘label’’

designates that part of the labeling upon the immediate con-

tainer.

A shipping container containing a single article, unless

such container is also essentially the immediate container or

the outside of the consumer package, is labeled with a mini-
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mum of product identification (except for controlled articles),

lot number, expiration date, and conditions for storage and dis-

tribution.

Articles in these compendia are subject to compliance

with such labeling requirements as may be promulgated by

governmental bodies in addition to the compendial require-

ments set forth for the articles.

x 9.4.1. Amount of Ingredient Per Dosage Unit

The strength of a drug product is expressed on the con-

tainer label in terms of micrograms or milligrams or grams

or percentage of the therapeutically active moiety or drug sub-

stance, whichever form is used in the title, unless otherwise

indicated in an individual monograph. Both the active moiety

and drug substance names and their equivalent amounts are

then provided in the labeling.

Official articles in capsule, tablet, or other unit dosage

form shall be labeled to express the quantity of each active in-

gredient or recognized nutrient contained in each such unit;

except that, in the case of unit-dose oral solutions or suspen-

sions, whether supplied as liquid preparations or as liquid pre-

parations that are constituted from solids upon addition of a

designated volume of a specific diluent, the label shall express

the quantity of each active ingredient or recognized nutrient

delivered under the conditions prescribed in Deliverable Vol-

ume h698i. Official drug products not in unit dosage form shall

be labeled to express the quantity of each active ingredient in

each milliliter or in each gram, or to express the percentage of

each such ingredient (see x 8.14., Percentage Concentrations),

except that oral liquids or solids intended to be constituted to

yield oral liquids may, alternatively, be labeled in terms of

each 5-mL portion of the liquid or resulting liquid. Unless

otherwise indicated in a monograph or chapter, such declara-

tions of strength or quantity shall be stated only in metric units.

See also x 5.5.1., Units of Potency (Biological).

x 9.4.2. Use of Leading And Terminal Zeros

To help minimize the possibility of errors in the dispen-

sing and administration of drugs, the quantity of active ingre-

dient when expressed in whole numbers shall be shown

without a decimal point that is followed by a terminal zero

(e.g., express as 4 mg [not 4.0 mg]). The quantity of active

ingredient when expressed as a decimal number smaller than

1 shall be shown with a zero preceding the decimal point (e.g.,

express as 0.2 mg [not .2 mg]).

x 9.4.3. Labeling of Salts Of Drugs

For purposes of saving space on labels, and because

chemical symbols for the most common inorganic salts of

drugs are well known to practitioners as synonymous with

the written forms, the following alternatives are permitted in

labeling official articles that are salts: HCl for hydrochloride;

HBr for hydrobromide; Na for sodium; and K for potassium.

The symbols Na and K are intended for use in abbreviating

names of the salts of organic acids, but these symbols are

not used where the word Sodium or Potassium appears at

the beginning of an official title (e.g., Phenobarbital Na is ac-

ceptable, but Na Salicylate is not to be written).

x 9.4.4. Labeling Vitamin-Containing Products

The vitamin content of an official drug product shall be

stated on the label in metric units per dosage unit. The amounts

of vitamins A, D, and E may be stated also in USP Units.

Quantities of vitamin A declared in metric units refer to the

equivalent amounts of retinol (vitamin A alcohol). The label

of a nutritional supplement shall bear an identifying lot num-

ber, control number, or batch number.

x 9.4.5. Labeling Botanical-Containing Products

The label of an herb or other botanical intended for use as

a dietary supplement bears the statement, ‘‘If you are pregnant

or nursing a baby, seek the advice of a health professional be-

fore using this product.’’
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x 9.4.6. Labeling Parenteral And Topical Preparations

The label of a preparation intended for parenteral or topical

use states the names of all added substances (see x 5.2., In In-

gridients and Added Substances, and see Labeling under Injec-

tions h1i), and, in the case of parenteral preparations, also their

amounts or proportions, except that for substances added for

adjustment of pH or to achieve isotonicity, the label may indi-

cate only their presence and the reason for their addition.

x 9.4.7. Labeling Electrolytes

The concentration and dosage of electrolytes for replace-

ment therapy (e.g., sodium chloride or potassium chloride) shall

be stated on the label in milliequivalents (mEq). The label of the

product shall indicate also the quantity of ingredient(s) in terms

of weight or percentage concentration.

x 9.4.8. Labeling Alcohol

The content of alcohol in a liquid preparation shall be sta-

ted on the label as a percentage (v/v) of C2H5OH.

x 9.4.9. Special Capsules and Tablets

The label of any form of Capsule or Tablet intended for

administration other than by swallowing intact bears a promi-

nent indication of the manner in which it shall be used.

x 9.4.10. Expiration Date and Beyond-Use Date

The label of an official drug product or nutritional or diet-

ary supplement product shall bear an expiration date. All arti-

cles shall display the expiration date so that it can be read by an

ordinary individual under customary conditions of purchase

and use. The expiration date shall be prominently displayed

in high contrast to the background or sharply embossed, and

easily understood (e.g., ‘‘EXP 6/08,’’ ‘‘Exp. June 08,’’ or ‘‘Ex-

pires 6/08’’). [NOTE—For additional information and guidance,

refer to the Consumer Healthcare Products Association’s Volun-

tary Codes and Guidelines of the Self-Medication Industry.]

The monographs for some preparations state how the ex-

piration date that shall appear on the label shall be determined.

In the absence of a specific requirement in the individual mono-

graph for a drug product or nutritional supplement, the label

shall bear an expiration date assigned for the particular formu-

lation and package of the article, with the following exception:

the label need not show an expiration date in the case of a drug

product or nutritional supplement packaged in a container that

is intended for sale without prescription and the labeling of

which states no dosage limitations, and which is stable for

not less than 3 years when stored under the prescribed condi-

tions.

Where an official article is required to bear an expiration

date, such article shall be dispensed solely in, or from, a con-

tainer labeled with an expiration date, and the date on which the

article is dispensed shall be within the labeled expiry period.

The expiration date identifies the time during which the article

may be expected to meet the requirements of the compendial

monograph, provided it is kept under the prescribed storage

conditions. The expiration date limits the time during which

the article may be dispensed or used. Where an expiration date

is stated only in terms of the month and the year, it is a repre-

sentation that the intended expiration date is the last day of the

stated month. The beyond-use date is the date after which an

article shall not be used. The dispenser shall place on the label

of the prescription container a suitable beyond-use date to limit

the patient’s use of the article based on any information sup-

plied by the manufacturer and the General Notices. The be-

yond-use date placed on the label shall not be later than the

expiration date on the manufacturer’s container.

For articles requiring constitution before use, a suitable be-

yond-use date for the constituted product shall be identified in

the labeling.

For all other dosage forms, in determining an appropriate

period of time during which a prescription drug may be retained

by a patient after its dispensing, the dispenser shall take into

account, in addition to any other relevant factors, the nature

of the drug; the container in which it was packaged by the man-

ufacturer and the expiration date thereon; the characteristics of

the patient’s container, if the article is repackaged for dispen-

sing; the expected storage conditions to which the article may

be exposed; any unusual storage conditions to which the article
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may be exposed; and the expected length of time of the course

of therapy. The dispenser shall, on taking into account the

foregoing, place on the label of a multiple-unit container a

suitable beyond-use date to limit the patient’s use of the article.

Unless otherwise specified in the individual monograph, or in

the absence of stability data to the contrary, such beyond-use

date shall be not later than (a) the expiration date on the man-

ufacturer’s container, or (b) 1 year from the date the drug is

dispensed, whichever is earlier. For nonsterile solid and liquid

dosage forms that are packaged in single-unit and unit-dose

containers, the beyond-use date shall be 1 year from the date

the drug is packaged into the single-unit or unit-dose container

or the expiration date on the manufacturer’s container, which-

ever is earlier, unless stability data or the manufacturer’s label-

ing indicates otherwise.

The dispenser shall maintain the facility where the dosage

forms are packaged and stored, at a temperature such that the

mean kinetic temperature is not greater than 258. The plastic

material used in packaging the dosage forms shall afford better

protection than polyvinyl chloride, which does not provide

adequate protection against moisture permeation. Records

shall be kept of the temperature of the facility where the dos-

age forms are stored, and of the plastic materials used in pack-

aging.

x 9.4.10.1. Compounded Preparations

The label on the container or package of an official com-

pounded preparation shall bear a beyond-use date. The be-

yond-use date is the date after which a compounded

preparation is not to be used. Because compounded prepara-

tions are intended for administration immediately or following

short-term storage, their beyond-use dates may be assigned

based on criteria different from those applied to assigning ex-

piration dates to manufactured drug products.

The monograph for an official compounded preparation

typically includes a beyond-use requirement that states the

time period following the date of compounding during which

the preparation, properly stored, may be used. In the absence

of stability information that is applicable to a specific drug and

preparation, recommendations for maximum beyond-use

dates have been devised for nonsterile compounded drug pre-

parations that are packaged in tight, light-resistant containers

and stored at controlled room temperature unless otherwise in-

dicated (see Stability Criteria and Beyond-Use Dating under

Stability of Compounded Preparations in the general tests

chapter Pharmaceutical Compounding—Nonsterile Prepara-

tions h795i).

x 9.5. Guidelines For Packaging and Storage Statements in

USP–NF Monographs

In order to provide users of the USP and NF with proper

guidance on how to package and store official articles, every

monograph in the USP and NF shall have a packaging and

storage specification.

For the packaging portion of the statement, the choice of

containers is given in this x 9, Preservation, Packaging, Stor-

age, and Labeling and includes Light-Resistant Container,

Well-Closed Container, Tight Container, Hermetic Container,

Single-Unit Container, Single-Dose Container, Unit-Dose

Container, and Unit-of-Use Container. For most preparations,

the choice is determined by the container in which it shall be

dispensed (e.g., tight, well-closed, hermetic, unit-of-use, etc).

For drug substances, the choice would appear to be tight, well-

closed, or, where needed, a light-resistant container. For exci-

pients, given their typical nature as large-volume commodity

items, with containers ranging from drums to tank cars, a well-

closed container is an appropriate default. Therefore, in the ab-

sence of data indicating a need for a more protective class of

container, the phrase ‘‘Preserve in well-closed containers’’

should be used as a default for excipients.
~USP32
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MONOGRAPHS (USP)

BRIEFING

Albendazole, USP 30 page 1307. On the basis of comments
received, it is proposed to revise the Assay by replacing a visual
colorimetric endpoint determination with a potentiometric endpoint
determination, because the titrimetirc indicator, oracet blue B TS, is
no longer readily available. Interested parties are invited to submit
comments.

(VET: I. DeVeau) RTS—C57997

Change to read:

Assay—Transfer about 250 mg of Albendazole, accurately weighed,
to a suitable flask, and dissolve in 100 mL of glacial acetic acid,
warming gently if necessary. Cool, add 1 drop of oracet blue B TS,

~

~USP32
and titrate with 0.1N perchloric acid VS to a violet-colored

~potentiometric~USP32
endpoint

~(see Titrimetry h541i.~USP32
Perform a blank determination, and make any necessary correction.
Each mL of 0.1N perchloric acid is equivalent to 26.53 mg of
C12H15N3O2S.

BRIEFING

Alfuzosin Hydrochloride. Because there is no existing USP
monograph for this drug substance, a new monograph, based on
validated methods of analysis, is being proposed. The HPLC
procedure used in the test for Related compounds was validated
using the GL Sciences Inertsil ODS2 column. Alfuzosin elutes at
approximately 7 minutes.

(MD-PS: D. Bempong) RTS—C48868

Add the following:

~Alfuzosin Hydrochloride

C19H27N5O4 �HCl 425.91

2-Furancarboxamide, N-[3-[(4-amino-6,7-dimethoxy-2-qui-

nazolinyl)methylamino]propyl]tetrahydro-, monohydro-

chloride (+).

(+)-N-[3-[(4-Amino-6,7-dimethoxy-2-quinazolinyl)methyla-

mino]propyl]tetrahydro-2-furamide monohydrochlo-

ride [81403-68-1].

» Alfuzosin Hydrochloride contains not less than

99.0 percent and not more than 101.0 percent of

C19H27N5O4 �HCl, calculated on the anhydrous

basis.

Packaging and storage—Preserve in tight, well-closed

containers, protected from light and humidity. Store at room

temperature.

USP Reference standards h11i—USP Alfuzosin Hydrochlo-

ride RS. USP Alfuzosin System Suitability Mixture RS.

Identification—

A: Infrared Absorption h197Ki.

B: It meets the requirements of the test for Chloride

h191i.

pH h791i: between 4.0 and 5.5

Test solution: 20 mg per mL, in carbon dioxide-free

water.

Specific rotation h781Si: –0.108 to +0.108

Test solution: 20 mg per mL, in carbon dioxide-free

water.

Water, Method I h921i: not more than 0.5%.

Residue on ignition h281i: not more than 0.1%.

Related compounds—

Solution A—Dilute 5.0 mL of perchloric acid in 900 mL of

water, adjust with 2M sodium hydroxide solution to a pH of

3.5, and dilute with water to 1000 mL.

Mobile phase—Prepare a filtered and degassed mixture of

Solution A, acetonitrile, and tetrahydrofuran (80 : 20 : 1).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).
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System suitability solution—Dissolve an accurately

weighed quantity of USP Alfuzosin System Suitability

Mixture RS in Mobile phase, and dilute quantitatively with

Mobile phase to obtain a solution containing about 0.4 mg per

mL.

Test solution—Dissolve 40.0 mg of Alfuzosin Hydrochlo-

ride in Mobile phase, and dilute with Mobile phase to 100.0

mL.

Reference solution—Quantitatively dilute an accurately

measured volume of the Test solution by a factor of 1000

with Mobile phase.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.5 mL per minute. Chromatograph

the System suitability solution, and record the peak responses

as directed for Procedure: the peak-to-valley ratio is at least 5.

[NOTE—The peak-to-valley ratio is determined as the ratio of

the height above the baseline of the impurity A peak to the

height above the baseline of the lowest point of the curve

separating this impurity peak from the peak due to alfuzosin.]

Procedure—Separately inject equal volumes (about 10 mL)

of the Reference solution and the Test solution, record the

chromatograms, and measure the peak responses. Calculate

the percentage of each impurity in the portion of Alfuzosin

Hydrochloride taken by the formula:

100[rU / (1000 rS)]

in which 100 is the percentage conversion factor; rU is the

peak response for any impurity obtained from the Test

solution; 1000 is the dilution factor; and rS is the peak

response for alfuzosin obtained from the Reference solution:

the limits are as shown in the accompanying table. Disregard

any peak with an area less than 0.05%.

Compound

Relative Retention

Time Limit (%)

Alfuzosin 1.0 –

Impurity A1 1.2 *

Impurity D2 0.5 0.20

Any individual

unspecified impu-

rity

– 0.10

Total impurities – 0.30

1 N-[3-[(4-Amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]-
propyl]furan-2-carboxamide
2 N-(4-Amino-6,7-dimethoxyquinazolin-2-yl)-N-methylpropane-
1,3-diamine
* Impurity A, a component of USP Alfuzosin System Suitability
Mixture RS, is not a specified impurity.

Assay—Dissolve about 300 mg of Alfuzosin Hydrochloride,

accurately weighed, in a mixture of 40 mL of anhydrous

acetic acid and 40 mL of acetic anhydride. Titrate with 0.1M

perchloric acid, determining the endpoint potentiometrically.

Each mL of 0.1M perchloric acid is equivalent to 42.59 mg

of C19H27N5O4 �HCl.~USP32

BRIEFING

Allopurinol, USP 30 page 1321 and page 3744 of the First
Supplement. It is proposed to add a test for Limit of hydrazine.
Hydrazine, which is a known genotoxic compound, is used in the
synthesis of Allopurinol. The limit of 10 ppm was proposed as the
result of the toxicology assessment performed by the General
Toxicology and Medical Device Biocompatibility (GTMDB) Expert
Committee. This limit is based on compendial practices and on the
lack of evidence of carcinogenicity from occupational exposure or
from epidemiological studies in patients chronically exposed to
hydrazine from isoniazid therapy.
The test is based on the derivatization of hydrazine with

benzaldehyde to form benzalazine, which is then analyzed by
a liquid chromatographic procedure. It is based on analyses
performed with the LiChrospher 100 CN brand of L10 column.
The typical retention times for benzalanine and benzaldehyde are
about 2.2 and 2.7 minutes, respectively.
In addition, comments were received about the test for Related

compounds regarding difficulties in dissolving allopurinol related
compound F when preparing the Standard stock solution. It is now
proposed to dissolve allopurinol related compound F separately,
using a longer sonication time (up to 3 minutes) in 0.1N sodium
hydroxide solution. The sponsor emphasized that the longer
sonication time should be used for related compound F only;

In
-P

ro
ce

ss
R

ev
is

io
n

# 2007 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
70 IN-PROCESS REVISION Vol. 34(1) [Jan.–Feb. 2007]



increased sonication time with 0.1N sodium hydroxide solution
before addition of the Diluent could lead to the degradation of
related compounds A to E and should be avoided.

(MD-GRE: E. Gonikberg) RTS—C42797; C58223

Change to read:

Related compounds—[NOTE—Store and inject the Standard solu-
tion and the Test solution at 88, using a cooled autosampler.]
Solution A—Dissolve 1.25 g of monobasic potassium phosphate in

1000 mL of water, filter, and degas.
Solution B—Use methanol.
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Diluent—Prepare a mixture of Solution A and Solution B (90 : 10).

~Allopurinol related compound F solution—Accurately

weigh about 5 mg of USP Allopurinol Related Compound F

RS into a suitable flask. Add 2.0 mL of 0.1N sodium

hydroxide, promptly sonicate with swirling for 1 to 3 minutes

to dissolve, add 80 mL of Diluent, and sonicate for an

additional 5 minutes.~USP32
Standard stock solution—Accurately weigh about 5 mg each of

USP Allopurinol RS, USP Allopurinol Related Compound A RS,
USPAllopurinol Related Compound B RS, USPAllopurinol Related
Compound C RS, USP Allopurinol Related Compound D RS,

~ and~USP32
USP Allopurinol Related Compound E RS, and USP Allopurinol
Related Compound F RS,

~

~USP32
and transfer to a 100-mL volumetric flask. Add 2.0 mL of 0.1N
sodium hydroxide, promptly sonicate with swirling for not more
than 1 minute to dissolve, add 80 mL of Diluent, and

~add the entire volume of Allopurinol related compound F

solution to the flask, rinse the flask in which Allopurinol

related compound F solution was prepared with a small

amount of Diluent, and add the rinsings to the solution.~USP32
Sonicate for an additional 5 minutes. Dilute with Diluent to volume.
[NOTE—This solution is stable for 48 hours when stored at 88.]
Standard solution—Quantitatively dilute an accurately measured

volume of the Standard stock solution with Diluent to obtain
a solution having known concentrations of about 0.5 mg of
allopurinol and about 0.5 mg each of allopurinol related compounds
A, B C, D, E, and F per mL.
Test solution—Transfer about 25 mg of Allopurinol, accurately

weighed, to a 100-mL volumetric flask, add 5.0 mL of 0.1N sodium
hydroxide to dissolve, promptly sonicate with swirling for not more
than 1 minute, add 80 mL of Diluent, and sonicate for an additional
5 minutes. Dilute with Diluent to volume.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 220-nm detector and
a 4.6-mm 6 25-cm column that contains 5-mm packing L1. The
column temperature is maintained at 308. The flow rate is about 1.0
mL per minute. The chromatograph is programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–30 90?70 10?30 linear gradient
30–35 70 30 isocratic
35–36 70?90 30?10 linear gradient
36–46 90 10 re-equilibration

Chromatograph the Standard solution, identify the peaks (see Table
1), and record the peak responses as directed for Procedure: the
resolution, R, between allopurinol related compounds C and B is not
less than 0.8; and the tailing factor for the allopurinol peak is not
more than 1.5.
Procedure—Separately inject equal volumes (about 40 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and identify the allopurinol peak and the
peaks due to impurities listed in Table 1.

Table 1

Name
Relative

Retention Time
Limit
(%)

Allopurinol related
compound A1

0.62 0.2

Allopurinol related
compound C3

0.79 0.2

Allopurinol related
compound B2

0.81 0.2

Allopurinol 1.0 —
Allopurinol related
compound D4

4.4 0.2

Allopurinol related
compound E5

4.8 0.2

Allopurinol related
compound F6

6.5 0.2

1 3-Amino-1H-pyrazole-4-carboxamide.
2 5-(Formylamino)-1H-pyrazole-4-carboxamide.
3 5-(4H-1,2,4-Triazol-4-yl)-1H-pyrazole-4-carboxamide.
4 Ethyl-5-amino-1H-pyrazole-4-carboxylate.
5 Ethyl-5-(formylamino)-1H-pyrazole-4-carboxylate.
6 Ethyl-(E/Z)-3-(2-carbethoxy-2-cyanoethenyl)amino-1H-pyrazole-4-carbox-
ylate.

Calculate the percentage of each impurity in the portion of
Allopurinol taken by the formula:

10(C/W)(ri / rS)

in which C is the concentration, in mg per mL, of each individual
impurity in the Standard solution; W is the weight, in mg, of
Allopurinol taken to prepare the Test solution; and ri and rS are the
peak responses for each individual impurity obtained from the Test
solution and the Standard solution, respectively. [NOTE—For
unspecified impurities, rS is the peak response for the allopurinol
peak obtained from the Standard solution.] In addition to not
exceeding the limits for each impurity in Table 1, not more than
0.1% of any individual unspecified impurity is found; and not more
than 1.0% of total impurities is found.

Add the following:

~Limit of hydrazine—[NOTE—Under the following condi-

tions, any hydrazine present in the sample will react with

benzaldehyde to form benzalazine.]

Sodium hydroxide 2N solution—Dissolve 8.5 g of sodium

hydroxide in water, and dilute with the same solvent to 100

mL. Alternatively, a commercially available sodium hydrox-

ide 2N solution can be used.

Diluent—Prepare a mixture of Sodium hydroxide 2N

solution and methanol (1 : 1).
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Benzaldehyde solution—Prepare a solution in Diluent

containing 40 mg of benzaldehyde per mL. Prepare

immediately before use.

Hydrazine solution—Transfer 10.0 mg of hydrazine sulfate

to a 50-mL volumetric flask, dissolve in Diluent by sonicating

for about 2 minutes, and dilute with Diluent to volume. Dilute

this solution quantitatively, and stepwise if necessary, with

Diluent to obtain a solution having a known concentration of

about 2.0 mg of hydrazine sulfate per mL.

Standard solution—Transfer 5.0 mL of the Hydrazine

solution to a suitable flask, add 4 mL of Benzaldehyde

solution, mix, and allow to stand for 2.5 hours at room

temperature. Add 5.0 mL of hexane, and shake for 1 minute.

Allow the layers to separate, and use the upper (hexane) layer.

Test solution—Transfer about 250.0 mg of Allopurinol,

accurately weighed, to a suitable flask, and dissolve in 5.0 mL

of Diluent. Add 4 mL of Benzaldehyde solution, mix, and

allow to stand for 2.5 hours at room temperature. Add 5.0 mL

of hexane, and shake for 1 minute. Allow the layers to

separate, and use the upper (hexane) layer.

Blank solution—Mix 5.0 mL of Diluent and 4 mL of

Benzaldehyde solution, and allow to stand for 2.5 hours at

room temperature. Add 5.0 mL of hexane, and shake for

1 minute. Allow the layers to separate, and use the upper

(hexane) layer.

Mobile phase—Prepare a mixture of hexane and isopropyl

alcohol (95 : 5).

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 310-nm detector

and a 4.0-mm 6 25-cm column that contains 5-mm packing

L10. The column temperature is maintained at 308, and the

flow rate is about 1.5 mL per minute. Chromatograph the

Standard solution, identify the components on the basis of

their relative retention time (1.0 for benzaldehyde and about

0.8 for benzalazine), and record the peak responses as

directed for Procedure: the resolution, R, between benzalde-

hyde and benzalazine is not less than 2.0; and the relative

standard deviation for replicate injections is not greater than

15.0% for the benzalazine peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Blank solution, the Standard solution, and the Test

solution into a chromatograph, record the chromatogram for

at least two times the retention time of the benzaldehyde peak,

identify the components, and measure the responses of peaks

due to benzalazine. Calculate the amount, in ppm, of

hydrazine in the portion of Allopurinol taken by the formula:

1000(32.05 / 130.12) (CS /CT)(rU / rS)

in which 32.05 and 130.12 are the molecular weights of

hydrazine and hydrazine sulfate, respectively; 1000 is the

conversion coefficient from mg per mL to ppm; CS is the

concentration, in mg per mL, of hydrazine sulfate in the

Hydrazine solution; CT is the concentration, in mg per mL, of

allopurinol in the Allopurinol solution; and rU and rS are the

peak responses for the benzalazine peak obtained from the

Test solution and the Standard solution, respectively: not

more than 10 ppm of hydrazine is found.~USP32

BRIEFING

Aminophylline, USP 30 page 1385. The proposed revision
provides the correct CAS number for aminophylline dihydrate,
which is consistent with the number in the 2007 USP Dictionary.

(MD-PS: D. Bempong; H. Ramanathan) RTS—C57780

Change to read:

C16H24N10O4 (anhydrous) 420.43
1H-Purine-2,6-dione, 3,7-dihydro-1,3-dimethyl-, compd. with 1,2-

ethanediamine (2 : 1).
Theophylline compound with ethylenediamine (2 : 1) [317-34-0].
Dihydrate 456.46 [49746-06-7].

~[5897-66-5].~USP32
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BRIEFING

Bicalutamide Tablets. Because there is no existing USP
monograph for this drug product, a new monograph, based on
validated methods of analysis, is being proposed. The liquid
chromatographic procedures in the test for Limit of 4-amino-2-
(trifluoromethyl)benzonitrile and in the Assay are based on analyses
performed with the Waters Spherisorb ODS-2 brand of L1 column.
The typical retention times for 4-amino-2-(trifluoromethyl)benzoni-
trile and bicalutamide are about 3.0 and 6.5 minutes, respectively.

(MD-OOD: F. Mao; BPC: M. Marques) RTS—C54705

Add the following:

~Bicalutamide Tablets

» Bicalutamide Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of bicalutamide (C18H14F4N2O4S).

Packaging and storage—Preserve in tight containers. Store

at controlled room temperature.

USP Reference standards h11i—USP Bicalutamide RS.

USP Bicalutamide Related Compound B RS..

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard praparation, as obtained

in the Assay.

Dissolution h711i—

Medium: 1.0% w/v sodium lauryl sulfate in water; 1000

mL.

Apparatus 2: 50 rpm.

Time: 45 minutes.

Standard solution—Transfer about 10 mg, accurately

weighed, of USP Bicalutamide RS to a 200-mL volumetric

flask, dissolve in 2 mL of tetrahydrofuran, and dilute with

Medium to volume.

Test solution—Pass the solution under test through

a suitable 0.45-mm filter.

Procedure—Determine the amount of C18H14F4N2O4S

dissolved by employing UV absorption at the wavelength of

maximum absorbance at about 270 nm on portions of the Test

solution in comparison with the Standard solution, using the

Medium as the blank. Calculate the percentage of bicaluta-

mide (C18H14F4N2O4S) dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and Standard solution, respectively; CS is the

concentration, in mg per mL, of bicalutamide in the Standard

solution; 1000 is the volume, in mL, of Medium; 100 is the

conversion factor to percentage; and L is the Tablet label

claim in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of bicalutamide is dissolved in 45 minutes.

Uniformity of dosage units h905i—meet the requirements.

1% Sodium lauryl sulfate solution—Dissolve 15 g of

sodium lauryl sulfate in 1.5 L of water.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Bicalutamide RS in a minimum amount of

tetrahydrofuran, and dilute quantitatively with 1% Sodium

lauryl sulfate solution to obtain a solution having a known

concentration of about 0.05 mg per mL.

Test solution—Transfer 1 Tablet to a 100-mL volumetric

flask, add about 10 mL of water, and sonicate for

approximately 30 minutes. Add about 80 mL of tetrahydro-

furan, and sonicate for 30 minutes to complete dissolution of

the Bicalutamide. Allow to cool to room temperature, and

dilute with tetrahydrofuran to volume. Pass this solution

through a 0.45-mm suitable filter unit, transfer 10.0 mL of

filtrate to a 100-mL volumetric flask, and dilute with 1%

Sodium lauryl sulfate solution to volume.
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Procedure for content uniformity—Concomitantly deter-

mine the UV absorbances of the Standard solution and the

Test solution with a suitable spectrophotometer at 270 nm,

using 1% Sodium lauryl sulfate solution as the blank.

Calculate the quanti ty, in mg, of bicalutamide

(C18H14F4N2O4S) in the Tablet taken by the formula:

1000C(AU /AS)

in which C is the concentration, in mg per mL, of USP

Bicalutamide RS in the Standard solution; and AU and AS are

the absorbances obtained from the Test solution and the

Standard solution, respectively.

Water, Method I h921i: not more than 5.0%.

Limit of 4-amino-2-(trifluoromethyl)benzonitrile—

Mobile phase and System suitability solution—Proceed as

directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Bicalutamide RS in tetrahydrofuran to obtain

a solution having a known concentration of about 0.2 mg per

mL. Transfer 5.0 mL of this solution to a 50–mL volumetric

flask, and dilute with Mobile phase to volume.

Test solution—Transfer an accurately weighed quantity of

the powdered Tablet prepared in the Assay preparation,

equivalent to about 50 mg of bicalutamide, to a 25-mL

volumetric flask. Add about 2 mL of tetrahydrofuran, and

allow to stand for 5 minutes. Add about 20 mL of Mobile

phase, and sonicate for 10 minutes. Allow to cool to room

temperature, and dilute with Mobile phase to volume. Pass

the sample through a suitable 0.2-mm filter.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay, except to use a liquid

chromatograph equipped with a 220-nm detector.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of 4-amino-2-

(trifluoromethyl)benzonitrile in the portion of Tablets taken

by the formula:

100(1/1.4)(CS /CU)(rU / rS)

in which 1.4 is the relative response factor for 4-amino-2-

(trifluoromethyl)benzonitrile, CS is the concentration, in mg

per mL, of USP Bicalutamide RS in the Standard solution; CU

is the concentration, in mg per mL, of bicalutamide in the Test

solution based on the label claim; rU is the peak area for 4-

amino-2-(trifluoromethyl)benzonitrile obtained from the Test

solution; and rS is the peak area for bicalutamide obtained

from the Standard solution: not more than 0.1% of 4-amino-

2-(trifluoromethyl)benzonitrile is found. [NOTE—The relative

retention time for 4-amino-2-(trifluoromethyl)benzonitrile is

about 0.4.]

Assay—

Mobile phase—Prepare a mixture of water, tetrahydrofuran,

and acetonitrile (65 : 20 : 15).

Standard preparation—Dissolve an accurately weighed

quantity of USP Bicalutamide RS in tetrahydrofuran to obtain

a solution having a known concentration of about 0.8 mg per

mL. Transfer 5.0 mL of this solution to a 100-mL volumetric

flask, and dilute with Mobile phase to volume.

Assay preparation—Grind not fewer than 20 Tablets to

a fine powder. Transfer an accurately weighed quantity of

powdered Tablets, equivalent to about 50 mg of bicalutamide,

to a 100-mL volumetric flask. Add about 50 mL of

tetrahydrofuran, and sonicate for at least 10 minutes to

complete dissolution. Allow to cool to room temperature, and

dilute with tetrahydrofuran to volume. Pass this solution

through a suitable 0.45-mm filter. Transfer 4.0 mL of the

filtrate to a 50-mL volumetric flask, and dilute with Mobile

phase to volume.

System suitability solution—Dissolve suitable quantities of

USP Bicalutamide RS and USP Bicalutamide Related

Compound B RS in tetrahydrofuran to obtain a solution
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having known concentrations of about 0.8 mg of USP

Bicalutamide RS per mL and 0.4 mg of USP Bicalutamide

Related Compound B RS per mL. Transfer 5.0 mL of this

solution to a 100-mL volumetric flask, and dilute with Mobile

phase to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 270-nm

detector, and a 5-mm 6 12.5-cm column that contains

3-mm packing L1. The flow rate is about 1.5 mL per minute.

The column temperature is maintained at 508. Chromatograph

the System suitability solution, and record the peak areas as

directed for Procedure: the relative retention time for the

bicalutamide related compound B peak is about 1.1; the

resolution, R, between bicalutamide and bicalutamide related

compound B is greater than 1.9; the tailing factor of the

bicalutamide peak is less than 1.3; and the relative standard

deviation for replicate injections calculated for the bicaluta-

mide peak is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the areas for the bicalutamide peaks. Calculate the quantity, in

percentage of the label claim, of bicalutamide

(C18H14F4N2O4S) in the portion of Tablets taken by the

formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Bicalutamide RS in the Standard preparation; CU is the

concentration, in mg per mL, of bicalutamide in the Assay

preparation based on the label claim; and rU and rS are the

peak areas obtained from the Assay preparation and the

Standard preparation, respectively.~USP32

BRIEFING

Bupivacaine Hydrochloride, USP 30 page 1562. It is proposd to
correct the chemical abstract number for bupivacaine hydrochloride,
monohydrate salt. The chemical abstract number in the current
official monograph has been deleted from the chemical abstract
registry.

(MD-PS: D. Bempong; H. Ramanathan) RTS—C57932

Change to read:

C18H28N2O �HCl �H2O 342.90
2-Piperidinecarboxamide, 1-butyl-N-(2,6-dimethylphenyl)-,monohy-

drochloride, monohydrate, (+)-.
(+)-1-Butyl-2’,6’-pipecoloxylidide monohydrochloride, monohy-

drate [14252-80-3].

~[73360-54-0].~USP32

Anhydrous 324.90 [18010-40-7].

BRIEFING

Cabergoline. Because there is no existing USP monograph for
this drug substance, a new monograph is being proposed. The liquid
chromatographic procedures in the test for Related compounds and
in the Assay are based on analyses performed with the Nucleosil
100-10 C18 brand of L1 column. The typical retention time for
cabergoline is about 12 minutes.

(MD-PP: R. Ravichandran) RTS—C49303

Add the following:

~Cabergoline

C26H37N5O2 451.60
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Ergoline-8b-carboxamide, N-[3-(dimethylamino)propyl]-N-

[(ethylamino)carbonyl]-6-(2-propenyl)-.

1-[(6-Allylergolin-8b-yl)carbonyl]-1-[3-(dimethylamino)pro-

pyl]-3-ethylurea [81409-90-7].

» Cabergoline contains not less than 98.0 percent

and not more than 102.0 percent of C26H37N5O2,

calculated on the anhydrous basis.

Packaging and storage—Store in tight containers, protected

from light.

USP Reference standards h11i—USP Cabergoline RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the Standard preparation, as obtained in the Assay.

Specific rotation h781Si: between –778 and –838.

Test solution—Dissolve Cabergoline in alcohol to obtain

a solution having a known concentration of about 1mg per

mL, calculated on the anhydrous basis.

Water, Method I h921i: not more than 0.5%.

Related compounds—[NOTE—Prepare solutions immediate-

ly before use, and protect from light.]

Mobile phase—Prepare as directed in the Assay.

Resolution solution—To 10 mL of 0.1M sodium hydroxide

add 50 mg of Cabergoline. Stir for about 15 minutes. To 1 mL

of the suspension add 1 mL of 0.1M hydrochloric acid, and

dilute with Mobile phase to 10 mL. Sonicate until dissolution

is complete. The main degradation product obtained is

cabergoline related compound A.

Test solution—Use the Assay preparation, prepared as

directed in the Assay

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the

Resolution solution, and record the peak responses as directed

for Procedure. Identify peaks due to cabergoline related

compound A and cabergoline using the relative retention

times given in Table 1; the resolution, R, between cabergoline

and cabergoline related compound A is not less than 3.0.

Table 1

Name

Relative

Retention

Time Limit (%)

Cabergoline related compound D1 0.3 NMT 0.1

Cabergoline related compound B2 0.6 NMT 0.1

Cabergoline related compound A3 0.8 NMT 0.3

Cabergoline 1.0 —

Cabergoline related compound C4 2.9 NMT 0.3

Any unspecified impurity — NMT 0.10

Total — NMT 0.8

1 (6aR,9R,10aR)-N-[3-(Dimethylamino)propyl]-7-(prop-2-enyl)-
4,6,6a,7,8,9,10,10a-octahydroindolo[4,3-fg]quinoline-9-carbox-
amide.
2 (6aR,9R,10aR)-N9-[3-(Dimethylamino)propyl]-N4-ethyl-7-(prop-2-
enyl)-6a,7,8,9,10,10a-hexahydroindolo[4,3-fg]quinoline-4,9(6H)-
dicarboxamide.
3 (6aR,9R,10aR)-7-(Prop-2-enyl)-4,6,6a,7,8,9,10,10a-octahydroin-
dolo[4,3-fg]quinoline-9-carboxylic acid.
4 (6aR,9R,10aR)-N9-[3-(Dimethylamino)propyl]-N4-ethyl-N9-(ethyl-
carbamoyl)-7-(prop-2-enyl)-6a,7,8,9,10,10a-hexahydroindolo[4,3-
fg]quinoline-4,9(6H)-dicarboxamide.

Procedure—Inject about 100 mL of the Test solution into

the chromatograph, and record the chromatogram. Calculate

the percentage of each impurity in the portion of Cabergoline

taken by the formula:

100(ri / rs)

in which ri is the peak area of each impurity peak found in the

Test solution; and rs is the sum of the peak areas of all the

impurities and the main peak due to cabergoline in the Test

solution. The relative retention times and the limits of

cabergoline related compounds A, B, C, and D and their

corresponding limits are given in Table 1.

Assay—[NOTE—Prepare solutions immediately before use,

and protect from light.]
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Buffer—Transfer 6.8 g of monobasic potassium phosphate

to a 1-L volumetric flask. Dissolve the contents in 900 mL of

water. Adjust with phosphoric acid to a pH of 2.0. Dilute with

water to volume, add 0.2 mL of triethylamine, and mix well.

Mobile phase—Prepare a mixture of Buffer and acetonitrile

(84 : 16), and degas. Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Cabergoline RS in Mobile phase to obtain

a solution having a known concentration of about 0.25 mg per

mL. [NOTE—Sonication may be used to aid in the dissolution.]

Assay preparation—Dissolve an accurately weighed quan-

tity of Cabergoline in Mobile phase to obtain a solution

having a nominal concentration of about 0.25 mg per mL.

[NOTE—Sonication may be used to aid in the dissolution.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 4.0-mm 6 25-cm column that contains 10-mm packing

L1. The flow rate is about 1.3 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is not less than

1000 theoretical plates; and the relative standard deviation for

five replicate injections is not more than 2.0% for the

cabergoline peak.

Procedure—Inject equal volumes (about 100 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of C26H37N5O2 in the

portion of Cabergoline taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of cabergoline

in the Standard preparation; CU is the nominal concentration,

in mg per mL, of Cabergoline in the Assay preparation; and

rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respectively.~USP32

BRIEFING

Cefdinir Capsules. Because there is no existing USP monograph
for this dosage form, a new monograph is being proposed. The liquid
chromatographic procedures in the test for Related compounds and
in the Assay were validated using a YMC-Pack ODS-AM brand of
5-mm column containing packing L1. The typical retention time for
cefdinir is about 19 minutes under the conditions specified.

(MD-ANT: S. Ramakrishna; BPC: M. Marques) RTS— C44537

Add the following:

~Cefdinir Capsules

» Cefdinir Capsules contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of C14H13N5O5S2.

Packaging and storage—Preserve in tight, light-resistant

containers, and store at controlled room temperature.

USP Reference standards h11i—USP Cefdinir RS. USP

Cefdinir Related Compound A RS. USP Cefdinir Related

Compound B RS.

Identification—

A: Ultraviolet Absorption h197Ui—

0.1M Phosphate buffer solution—Prepare as directed in the

Assay.

Blank solution: 0.1M Phosphate buffer solution

Standard solution—Prepare a solution containing about

0.01 mg per mL of USP Cefdinir RS in 0.1M Phosphate

buffer solution.

Sample solution—Prepare a solution containing an amount

equivalent to about 0.01 mg per mL of Cefdinir in 0.1M

Phosphate buffer solution, and pass through a suitable filter.

Procedure—Compare the spectrum obtained from the

Sample solution using a 1-cm cell to that obtained from the

Standard solution, using the Blank solution to zero the

instrument: the UV absorption spectrum of the Sample
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solution exhibits maxima and minima at the same wave-

lengths as that of a Standard solution concomitantly

measured.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

Medium: 0.05M phosphate buffer, pH 6.8; 900 mL.

Apparatus 2: 50 rpm.

Time: 30 minutes.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Cefdinir RS in Medium to obtain a solution

having a concentration of about 0.33 mg per mL.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter. If necessary, dilute a portion

of each filtered sample with Medium to obtain a solution that

has a theoretical concentration of about 0.33 mg per mL of

cefdinir, considering complete release of the label claim.

Blank solution—Dissolve one empty gelatin capsule shell

in 100 mL of Medium , dilute with Medium to 900 mL, and

filter if necessary.

Procedure—Determine the amount of C14H13N5O5S2 dis-

solved by UV absorption at the wavelength of maximum

absorbance at 290 nm on portions of the Test solution, in

comparison with the Standard solution, using a 1-cm cell and

Blank solution as blank. Calculate the percentage of

C14H13N5O5S2 dissolved by the formula:

in which AU and AS are the absorbances obtained from the

Test solution and the Standard solution, respectively: CS is the

concentration, in mg per mL, of the Standard solution; D is

the dilution factor of the Test solution; 900 is the volume, in

mL, of Medium; 100 is the conversion factor to percentage;

and L is the capsule label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C14H13N5O5S2 is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

0.1M Phosphate buffer solution—

SOLUTION A—Dissolve 14.2 g of anhydrous dibasic sodium

phosphate in water, and dilute with water to 1000.0 mL.

SOLUTION B—Dissolve 6.8 g of monobasic sodium phos-

phate in water, and dilute with water to 500.0 mL.

SOLUTION C—Combine 1000 mL of Solution Awith 500 mL

of Solution B. Verify the pH of 7.0+ 0.1, and adjust, if

necessary using Solution A or Solution B.

Dilute phosphoric acid solution—Dilute phosphoric acid (1

in 10) with water, and mix.

0.1M Disodium ethylenediaminetetraacetate (EDTA)—

Transfer about 3.72 g of disodium ethylenediaminetetra-

acetate into a 100-mL volumetric flask. Dissolve in and

dilute with water to volume, and mix.

0.1% Tetramethylammonium hydroxide solution—Dilute

20 mL of tetramethylammonium hydroxide (10% in water)

with water to make 2000 mL, and mix. Adjust with Dilute

phosphoric acid solution to a pH of 5.5+ 0.1.

Mobile phase A—Transfer 0.4 mL of 0.1M EDTA to 1000

mL of 0.1% Tetramethylammonium hydroxide solution, and

mix.

Mobile phase B—Mix 250 mL of 0.1% Tetramethylammo-

nium hydroxide solution, 150 mL of acetonitrile, and 100 mL

of methanol. Add 0.2 mL of 0.1M EDTA, and mix.

Mobile phase—Use variable mixtures of Mobile phase A

and Mobile phase B as directed in the Chromatographic

system.

Standard solution 1—Dissolve an appropriate amount of

USP Cefdinir RS in 0.1M Phosphate buffer solution to obtain

a solution having a known concentration of about 0.75 mg per

mL of the USP Cefdinir RS. Dilute with 0.1% Tetramethyl
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ammonium hydroxide solution an appropriate amount of this

solution, stepwise, if necessary, to obtain a solution having

a known concentration of about 15 mg per mL.

Standard solution 2—Dissolve an appropriate quantity of

USP Cefdinir Related Compound A RS in 0.1% Tetramethy-

lammonium hydroxide solution to obtain a solution having

a known concentration of about 0.04 mg per mL.

Standard solution 3—Dissolve an appropriate quantity of

USP Cefdinir Related Compound B RS in 0.1% Tetramethy-

lammonium hydroxide solution to obtain a solution having

a known concentration of about 0.04 mg per mL.

Resolution solution—Transfer about 37.5 mg of accurately

weighed USP Cefdinir RS into a 25-mL volumetric flask.

Add about 10 mL of 0.1M Phosphate buffer solution. Add

5.0 mL of each of Standard solution 2 and Standard solution

3, and dilute with 0.1% Tetramethylammonium hydroxide

solution to volume.

Test solution—Transfer an accurately weighed portion of

the contents of 20 opened Capsules, equivalent to about 300

mg of Cefdinir into a 200-mL volumetric flask. Dissolve in 30

mL of 0.1M Phosphate buffer solution, and dilute with 0.1%

Tetramethylammonium hydroxide solution to volume to

obtain a solution having a known concentration of about

1.5 mg per mL of cefdinir.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm6 150-mm column that contains 5-mm packing

L1. The temperature of the Test solution is maintained at

4+ 38, and the column temperature is maintained at

40+ 0.58. The flow rate is about 1 mL per minute. The

chromatograph is programmed as follows for a run time of

about 60 minutes.

Time

(minutes)

Mobile

phase A

(%)

Mobile

phase B

(%) Elution

0–2 95 5 isocratic

2–22 95?75 5?25 linear gradient

22–32 75?50 25?50 linear gradient

32–37 50 50 isocratic

37–38 50?95 50?5 linear gradient

38–58 95 5 isocratic

Procedure—Separately inject equal volumes (about 10 mL)

of the Resolution solution, Standard solution 1, and the Test

solution into the chromatograph, record the chromatograms,

and measure the peak responses: the resolution between the

cefdinir peak and the third peak of cefdinir related compound

A (lactam ring cleavage lactones) is not less than 1.5; the

tailing factor of cefdinir related compound B is not more than

1.5; and the relative standard deviation for the cefdinir peak

response in replicate injections of Standard solution 1 is not

more than 2.0%. The approximate relative retention times and

the relative response factors for each of the related substances

compared to cefdinir are given in Table 1. Calculate the

percentage of each individual specified and unspecified

impurity in the portion of Capsules taken, using the formula:

(100/F)(CS /CU) (rU / rS)

in which CS is the concentration, in mg per mL, of USP

Cefdinir RS in Standard solution 1; CU is the concentration,

in mg per mL, of Cefdinir in the Test solution; rU is the peak

response of each impurity obtained from the Test solution; rS

is the peak response of cefdinir obtained from Standard

solution 1; and F is the relative response factor as mentioned

in Table 1 for each impurity. The specified and unspecified

impurities meet the limits specified in Table 1.

Assay—

0.1M Phosphate buffer solution—Dissolve 10.65 g of

dibasic sodium phosphate and 3.40 g of monobasic potassium

phosphate in 750 mL of water. Adjust with phosphoric acid or

sodium hydroxide to a pH of 7.0+ 0.05, and dilute with

water to 1000 mL.
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Table 1

Related Substance

Approximate

Relative

Retention Time

Relative

Response

Factor

Limit of

Quantitation

(% of Cefdinir)

Limit

(%)

Impurity VIII 0.10 1.09 0.1 NMT 0.5

Impurity IV 0.13 1.09 0.1 NMT 0.5

Impurity XIV 0.36 1.0 0.05 NMT 0.2

Impurity V 0.46 1.47 0.05 NMT 0.7

Impurity B 0.77 1.0 0.05 NMT 0.3

Impurity XI 0.75 1.03 0.05 NMT 0.7

Cefdinir related compound A

(Lactam ring cleavage lactones-a)1 0.85 1.53 0.1 NMT 2.5

Cefdinir related compound A

(Lactam ring cleavage lactones-b)1 0.94 1.53 0.1 —

Cefdinir related compound A

(Lactam ring cleavage lactones-c)1 1.11 1.53 0.1 —

Cefdinir related compound A

(Lactam ring cleavage lactones-d)1 1.14 1.53 0.1 —

Impurity VI 1.18 1.09 0.05 NMT 0.2

Impurity I 1.23 1.19 0.05 NMT 1.0

Cefdinir related compound B1 1.28 1.09 0.05 NMT 0.2

Impurity XIII 1.37 1.26 0.05 NMT 0.5

Impurity E3 1.44 1.26 0.05 NMT 0.5

Impurity XV 1.49 1.00 0.05 NMT 0.2

Impurity VII 1.51 1.0 0.05 NMT 0.7

Impurity IIIa2 1.62 1.09 0.05 NMT 1.0

Impurity IIIb2 1.64 1.26 0.05 —

Impurity D3 1.82 1.26 0.05 NMT 0.2

Individual unspecified impurities N/A 1.0 N/A NMT 0.2

Total unspecified impurities4 N/A N/A N/A NMT 1.0

Total impurities N/A N/A N/A NMT 5.0

1 RS II is a mixture of 4 isomers designated as RS IIa, RS IIb, RS IIc, and RS IId. The sum of all values is reported and the total limit for all
4 isomers combined is 2.5%.
2 RS III is a mixture of 2 isomers designated as RS IIIa and RS IIIb. The sum of both values is reported and the total limit for both isomers
combined is 1.0%.
3 Impurity B, Impurity D, and Impurity E are unspecified impurities.
4 The total unspecified impurities limit includes the % total of unspecified impurities B, D, and E and any other individual unspecified
impurities.
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Citric acid buffer solution—Dissolve 7.0 g of citric acid

monohydrate in 1000 mL of water, and adjust with

phosphoric acid to a pH of 2.0+ 0.05.

Mobile phase—Mix 1000 mL of Citric acid buffer solution

with 111 mL of methanol and 28 mL of tetrahydrofuran.

Make adjustments if necessary (see System Suitability in

Chromatography h621i).

Standard preparation—Accurately weigh a known amount

of USP Cefdinir RS into a suitable volumetric flask. Dissolve

in 0.1M Phosphate buffer solution to obtain a solution having

a known concentration of about 0.05 mg per mL of cefdinir.

Assay preparation—Transfer an accurately weighed

portion of the contents of 20 opened Capsules, equivalent

to about 100 mg of Cefdinir into a suitable volumetric flask.

Dissolve and dilute in 0.1M Phosphate buffer solution to

obtain a solution having a known concentration of about 0.05

mg per mL of cefdinir.

Resolution solution—Accurately weigh a known amount

of USP Cefdinir RS and m-hydroxybenzoic acid into

a suitable volumetric flask. Dissolve in 0.1M Phosphate

buffer solution to obtain a solution having a known

concentration of about 0.05 mg per mL of cefdinir and

about 0.175 mg per mL of m-hydroxybenzoic acid.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 3.9-mm6 150-mm column that contains 4-mm packing

L1. The flow rate is maintained at about 1.4 mL per minute.

Chromatograph the Resolution solution, and record the peak

area response as directed for Procedure. The resolution

between cefdinir and m-hydroxybenzoic acid is greater than

3.0; the tailing factor of the cefdinir peak is not more than 2.0;

and the relative standard deviation for replicate injections of

the Standard preparation is not more than 1.0%.

Procedure—Separately inject equal volumes (about 15 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

cefdinir (C14H13N5O5S2), based on the label claim, in the

portion of Capsules taken by the formula:

100(CS /CU) (rU / rS)

in which CS is the concentration, in mg per mL, of cefdinir in

the Standard solution; CU is the concentration of cefdinir in

the Assay preparation; and rU and rS are the peak responses of

cefdinir in the Assay preparation and the Standard prepara-

tion, respectively.~USP32

BRIEFING

Cefdinir for Oral Suspension. Because there is no existing USP
monograph for this dosage form, a new monograph is being
proposed. The liquid chromatographic procedures in the test for
Related compounds and in the Assay were validated using the YMC-
Pack ODS-AM brand of column containing packing L1. The
dimensions of the column used in the Assay are 3.9 6150 mm with
a 4-mm particle size, and the column dimensions in the test for
Related compounds are 4.6 6150 mm with a 5-mm particle size.

(MD-CV: S. Ramakrishna; BPC: M. Marques) RTS—C44536

Add the following:

~Cefdinir for Oral Suspension

» Cefdinir for Oral Suspension contains not less

than 90.0 percent and not more than 110.0 percent

of the labeled amount of C14H13N5O5S2. It may

contain one or more suitable buffers, flavors,

preservatives, stabilizing agents, sweeteners, and

suspending agents.

Packaging and storage—Preserve in tight, light-resistant

containers, and store at controlled room temperature.

In-P
rocess

R
evision

# 2007 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(1) [Jan.–Feb. 2007] IN-PROCESS REVISION 81



Labeling—The label specifies the directions for the consti-

tution of the powder and states the equivalent amount of

C14H13N5O5S2 in a given volume of Oral Suspension after

constitution.

USP Reference standards h11i—USP Cefdinir RS. USP

Cefdinir Related Compound A RS. USP Cefdinir Related

Compound B RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

0.1M Phosphate buffer solution—Prepare as directed in the

Assay.

Standard solution—Transfer an appropriate amount of USP

Cefdinir RS into a suitable volumetric flask. Dissolve in and

dilute with methanol and 0.1M Phosphate buffer solution

(75 : 25) to obtain a solution containing a known amount of

about 0.6 mg/mL of USP Cefdinir RS.

Test solution—Mix a portion of constituted Oral Suspen-

sion equivalent to about 125 mg of Cefdinir in a 100-mL

volumetric flask with 50 mL of 0.1M Phosphate buffer

solution, and dilute with methanol to volume. Pass a portion

through a suitable 0.45-mm filter. Transfer 5.0 mL of the

filtrate to a 10-mL volumetric flask, and dilute with methanol

to volume.

Procedure—Separately apply 10 mL of the Test solution and

the Standard solution to a suitable thin-layer chromatographic

plate (see Chromatography h621i) coated with a 0.25-mm

layer of chromatographic silica gel, preconditioned with n-

hexane:tetradecane solution (95 : 5), and allow the spots to

dry. Place the plate in a chamber equilibrated with a solvent

mixture consisting of methanol and water (80 : 20), and

develop the chromatogram in the same solvent system until

the solvent front has moved about 15 cm. Remove the plate

from the developing chamber, allow the solvent to evaporate,

and visually locate the spots under a short-wavelength UV

light: the RF value of the principal spot obtained from the Test

solution corresponds to that obtained from the Standard

solution.

B: The retention time of the main peak in the chromat-

ogram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in the

Assay.

Dissolution h711i—

Medium: 0.05M phosphate buffer, pH 6.8; 900 mL.

Apparatus 2: 50 rpm.

Time: 30 minutes.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Cefdinir RS, and dilute with Medium,

quantitatively, and stepwise, if necessary, to obtain a solution

having a concentration of about 0.14 mg per mL.

Test solution—Transfer 5 mL, by weight, of the reconsti-

tuted Oral Suspension into the vessel. After the appropriate

time withdraw a portion of the solution under test and pass

through a suitable 0.45-mm filter. Dilute with Medium

a portion of each filtered sample as necessary to obtain

a solution having a concentration of about 0.14 mg per mL of

Cefdinir.

Procedure—Determine the amount of C14H13N5O5S2 dis-

solved by employing UV absorption at the wavelength of

maximum absorbance at about 290 nm on portions of the Test

solution in comparison with the Standard solution, using

Medium as blank. Calculate the percentage of Cefdinir

dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and Standard solution, respectively; CS is the

concentration, in mg per mL, of cefdinir in the Standard

solution; d is the density, in mg per mL, of the Oral

Suspension obtained by dividing the weight of Oral

Suspension taken by 5 mL; D is the disolution factor used,

if necessary, to prepare the Test solution; 900 is the volume, in
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mL, of Medium; 100 is the conversion factor to percentage;

Wu is the weight, in mg, of Oral Suspension taken; and L is

the label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C14H13N5O5S2 is dissolved in 30 minutes.

Uniformity of dosage units h905i—For Oral Suspension

packaged in single-unit containers: meets the requirements.

Deliverable volume h698i—For Oral Suspension packaged

in multiple-unit containers: meets the requirements.

pH h791i: between 3.5 and 4.5.

Loss on drying h731i—Dry about 1 g of powder over

phosphorous pentoxide in a vacuum oven not exceeding

5 mm of mercury at 708 for 4 to 4.5 hours: it loses not more

than 1.0%.

Related compounds—

0.1M Phosphate buffer solution—

SOLUTION A—Dissolve in and dilute with water 14.2 g of

anhydrous dibasic sodium phosphate to 1000.0 mL.

SOLUTION B—Dissolve in and dilute with water 6.8 g of

monobasic potassium phosphate to 500.0 mL.

SOLUTION C—Mix 1000 mL of Solution A with 500 mL of

Solution B. Verify a pH of 7.0+ 0.1.

Dilute phosphoric acid solution—Dilute phosphoric acid

with water (1 in 10), and mix.

0.1M Disodium ethylenediaminetetraacetate (EDTA)—

Transfer about 3.72 g of disodium ethylenediaminetetra-

acetate into a 100-mL volumetric flask. Dissolve in and

dilute with water to volume, and mix.

0.1% Tetramethylammonium hydroxide solution—Dilute

20 mL of tetramethylammonium hydroxide (10% in water)

and 14.5 mL of Dilute phosphoric acid solution with water to

make 2000 mL, and mix. Adjust with Dilute phosphoric acid

solution to a pH of 5.5+ 0.1.

Mobile phase A—Transfer 0.4 mL of 0.1M EDTA to 1000

mL of 0.1% Tetramethylammonium hydroxide solution, and

mix.

Mobile phase B—Mix 250 mL of 0.1% Tetramethylammo-

nium hydroxide solution, 150 mL of acetonitrile, and 100 mL

of methanol. Add 0.2 mL of 0.1M EDTA, and mix.

Mobile phase—Use variable mixtures of Mobile phase A

and Mobile phase B as directed in the Chromatographic

system.

Standard solution 1—Dissolve an appropriate amount of

USP Cefdinir RS in 0.1M Phosphate buffer solution to obtain

a solution having a known concentration of about 0.75 mg per

mL of USP Cefdinir RS. Dilute with 0.1% Tetramethyl

ammonium hydroxide solution an appropriate amount of this

solution, stepwise, if necessary, to obtain a solution having

a known concentration of about 15 mg per mL.

Standard solution 2—Dissolve an appropriate quantity of

USP Cefdinir Related Compound A RS in 0.1% Tetrameth-

ylammonium hydroxide solution to obtain a solution having

a known concentration of about 0.04 mg per mL.

Standard solution 3—Dissolve an appropriate quantity of

USP Cefdinir Related Compound B RS in 0.1M Phosphate

buffer solution to obtain a solution having a known

concentration of about 0.04 mg per mL.

Resolution solution—Transfer about 37.5 mg of accurately

weighed USP Cefdinir RS into a 25-mL volumetric flask.

Add about 10 mL of 0.1M Phosphate buffer solution. Add

5.0 mL of each of Standard solution 2 and Standard solution

3, and dilute with 0.1% Tetramethylammonium hydroxide

solution to volume.

Test solution—Transfer a volume of constituted Oral

Suspension equivalent to about 150 mg of Cefdinir into

a 100-mL volumetric flask. Dissolve in 30 mL of 0.1M

Phosphate buffer solution, and dilute with 0.1% Tetramethy-

lammonium hydroxide solution to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm6 150-mm column that contains 5-mm packing

L1. The Test solution is maintained at a temperature of

4+ 38, and the column temperature is maintained at
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40+ 0.58. The flow rate is about 1 mL per minute. The

chromatograph is programmed as follows for a run time of

about 60 minutes.

Time

(minutes)

Mobile

phase A

(%)

Mobile

phase B

(%) Elution

0–2 95 5 isocratic

2–22 95?75 5?25 linear gradient

22–32 75?50 25?50 linear gradient

32–37 50 50 isocratic

37–38 50?95 50?5 linear gradient

38–58 95 5 isocratic

Procedure—Separately inject equal volumes (about 10 mL)

of the Resolution solution, Standard solution 1, and the Test

solution into the chromatograph, record the chromatograms,

and measure the peak responses: the resolution between the

cefdinir peak and the third peak of cefdinir related compound

A is greater than 1.5; the tailing factor of cefdinir related

compound B is not more than 1.5; and the relative standard

deviation for the cefdinir peak response in replicate injections

of Standard solution 1 is not more than 2.0%. The

approximate relative retention times and the relative response

factors for each of the related compounds compared to

cefdinir are given in Table 1. Calculate the percentage of

individual specified and unspecified impurities in the portion

of Oral Suspension taken by the formula:

(100 /F)(CS /CU)(rU / rS)

in which F is the relative response factor for each impurity, as

mentioned in Table 1; CS is the concentration, in mg per mL,

of USP Cefdinir RS in Standard solution 1; CU is the

concentration, in mg per mL, of Cefdinir in the Test solution;

rU is the peak response of each impurity obtained from the

Test solution; and rS is the peak response of cefdinir obtained

from Standard solution 1. The specified and unspecified

impurities meet the limits specified in Table 1.

Assay—

0.1M Phosphate buffer solution—Dissolve 10.65 g of

anhydrous dibasic sodium phosphate and 3.40 g of monobasic

potassium phosphate in 750 mL of water. Adjust with

phosphoric acid or sodium hydroxide to a pH of 7.0+ 0.05,

and dilute with water to 1000 mL.

Citric acid buffer solution—Dissolve 7.0 g of citric acid

monohydrate in 1000 mL of water, and adjust with

phosphoric acid to a pH of 2.0+ 0.05.

Mobile phase—Mix 1000 mL of Citric acid buffer solution

with 111 mL of methanol and 28 mL of tetrahydrofuran.

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Accurately weigh a known amount

of USP Cefdinir RS into a suitable volumetric flask. Dissolve

in 0.1M Phosphate buffer solution to obtain a solution having

a known concentration of about 0.05 mg per mL of cefdinir.

Assay preparation—Quantitatively transfer the contents of

each bottle of constituted Oral Suspension into a suitable

flask, and dilute with 0.1M Phosphate buffer solution to

obtain a solution having a concentration of about 0.05 mg per

mL of cefdinir.

Resolution solution—Accurately weigh known quantities

of USP Cefdinir RS and m-hydroxybenzoic acid into

a suitable volumetric flask. Dissolve in 0.1M Phosphate

buffer solution to obtain a solution having a known

concentration of about 0.05 mg per mL of cefdinir and

about 0.175 mg per mL of m-hydroxybenzoic acid.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 3.9-mm6 150-mm column that contains 4-mm packing

L1. The flow rate is maintained at about 1.4 mL per minute.

Chromatograph the Resolution solution, and record the peak

response as directed in the Procedure. The resolution between

cefdinir and m-hydroxybenzoic acid is greater than 3.0; the

tailing factor of the cefdinir peak is not more than 2.0; and the

relative standard deviation for replicate injections of the

Standard preparation is not more than 1.0%.
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Table 1

Related Compound

Approximate

Relative

Retention Time

Relative

Response Factor

Limit

of Quantitation

(% of Cefdinir)

Limit

(%)

Impurity VIII 0.10 0.92 0.1 NMT 0.5

Impurity IV 0.13 0.92 0.1 NMT 0.6

Impurity XIV 0.36 1.0 0.05 NMT 0.2

Impurity V 0.46 0.68 0.05 NMT 0.3

Impurity B3 0.77 1.0 0.05 NMT 0.2

Impurity XI 0.75 0.97 0.05 NMT 0.7

Cefdinir related compound A1

(Isomer a)

0.85 0.65 0.1 NMT 3.3

Cefdinir related compound A1

(Isomer b)

0.94 0.65 0.1 —

Cefdinir related compound A1

(Isomer c)

1.11 0.65 0.1 —

Cefdinir related compound A 1

(Isomer d)

1.14 0.65 0.1 —

Impurity VI 1.18 0.91 0.05 NMT 0.2

Impurity I 1.23 0.84 0.05 NMT 0.8

Cefdinir related compound B 1.28 0.91 0.05 NMT 0.2

Impurity XIII 1.37 0.72 0.05 NMT 0.5

Impurity E3 1.44 1.0 0.05 NMT 0.2

Impurity XV 1.49 1.0 0.05 NMT 0.2

Impurity VII 1.51 0.91 0.05 NMT 1.2

Impurity IIIa2 1.62 0.79 0.05 NMT 1.1

Impurity IIIb2 1.64 0.79 0.05 —

Impurity D3 1.82 1.0 0.05 NMT 0.2

Individual unspecified

impurities

N/A 1.0 0.05 NMT 0.2

Total unspecified impurities4 N/A N/A N/A NMT 0.9

Total impurities N/A N/A N/A NMT 6.2

1 Cefdinir related compound A is a mixture of 4 isomers designated as lactam ring cleavage lactones a, b, c, and d. The sum of all values is
reported, and the total limit for all 4 isomers combined is 3.3%.
2 Impurity III is a mixture of 2 isomers designated as Impurity IIIa and Impurity IIIb. The sum of both values is reported, and the total limit for
both isomers combined is 1.5%.
3 Impurity B, Impurity D, and Impurity E are unspecified impurities.
4 The total unspecified impurities limit includes the % total of unspecified impurities B, D, and E and any other unspecified impurities detected.
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Procedure—Separately inject equal volumes (about 15 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

Cefdinir (C14H13N5O5S2) in the portion of Oral Suspension

taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of cefdinir in

the Standard solution; CU is the concentration of cefdinir in

the Assay preparation; and rU and rS are the peak responses of

cefdinir in the Assay preparation and the Standard prepara-

tion, respectively.~USP32

BRIEFING

Cefotetan for Injection, USP 30 page 1667. It is proposed to
revise the section for Other requirements and to add a test for Water
with a limit of ‘‘not more than 2.8%’’. This limit is representative of
products currently on the market. Subject to consideration of
comments received during the comment period, it is proposed to
implement this revision via the Interim Revision Announcement
pertaining to USP 31–NF 26 in PF 34(3) [May–June 2008], with an
official date of June 1, 2008. Comments regarding this proposal
should be received by March 1, 2008.

(MD-ANT: E. Gonikberg; A. Wise) RTS—C44531

Add the following:

.Water, Method Ic h921i: not more than 2.8%..3

Change to read:

Other requirements—It responds to the Identification tests and
meets the requirements for pH and Water

.
.3
under Cefotetan Disodium. It also meets the requirements for
Uniformity of Dosage Units h905i and for Labeling under Injections
h1i.

BRIEFING

Cefotetan Disodium, USP 30 page 1668. It is proposed to change
the limit in the test for Water from ‘‘not more than 1.5%’’ to ‘‘not
more than 2.5%’’. This limit is representative of products currently
on the market. Subject to consideration of comments received during
the comment period, it is proposed to implement this revision via the
Interim Revision Announcement pertaining to USP 31–NF 26 in PF
34(3) [May–June 2008], with an official date of June 1, 2008.
Comments regarding this proposal should be received by March 1,
2008.

(MD-ANT: E. Gonikberg; A. Wise) RTS—C44532

Change to read:

Water, Method Ic h921i: not more than 1.5%

.2.5%..3

BRIEFING

Chloroquine, USP 30 page 1722; Disopyramide Phosphate,
USP 30 page 1975; Epinephrine, USP 30 page 2038. On the basis
of comments received, it is proposed to use glacial acetic acid
instead of glacial acetic acid TS in the Assay. This proposal is
supported by available information that indicates that glacial acetic
acid TS is not critical because the water content limit of glacial acetic
acid is sufficiently low enough to perform the Assay. The use of
commercially available glacial acetic acid eliminates the need for
glacial acetic acid TS, the preparation of which can be difficult and
time-consuming.

(MD-AA: M. Puderbaugh; B. Davani) RTS—C58723

Change to read:

Assay—Dissolve about 250 mg of Chloroquine, accurately weighed,
in 50 mL of glacial acetic acid TS,

~glacial acetic acid,~USP32
add crystal violet TS, and titrate with 0.1N perchloric acid VS.
Perform a blank determination, and make any necessary correction.
Each mL of 0.1N perchloric acid is equivalent to 15.99 mg of
C18H26ClN3.
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BRIEFING

Diclofenac Potassium, USP 30, page 1921. In Identification test
B, it is proposed to revise the concentration of the Solution from
0.1 mg per mL to 0.01 mg per mL, as indicated in the original
submission.

(MD-CCA: C. Anthony) RTS—C49098

Change to read:

Identification—
A: Infrared Absorption h197Ki.
B: Ultraviolet Absorption h197Ui—
Solution: 0.1

~0.01~USP32
mg per mL.
Medium: methanol.
C: It meets the requirements of the flame test for Potassium
h191i.

BRIEFING

Didanosine, page 4082 of the Second Supplement. This
monograph as it last appeared in PF included qualitative use of
USP Didanosine Related Compound B RS (see page 781 of PF
32(3) [May–June 2006]). However, in the Second Supplement the
Reference Standard was removed because it was not available. The
current proposal includes the use of USP Didanosine Related
Compound B RS because it is now available as a USP Reference
Standard.

( MD-AA: B. Davani; H. Ramanathan) RTS—C57714

Change to read:

USP Reference standards h11i—USP Didanosine RS. &USP
Didanosine Related Compound A RS.

~USP Didanosine Related Compound B RS.~USP32
USP Didanosine System Suitability Mixture RS.&2S (USP30)

Change to read:

Related compounds—
0.01M Ammonium acetate buffer solution—Prepare as directed in

the Assay.
Diluent—Adjust the pH of 0.01M Ammonium acetate buffer

solution with sodium hydroxide to 9, and mix. Prepare a degassed
mixture of 0.01M Ammonium acetate buffer solution and acetonitrile
(19 : 1).
Solution A—Prepare a filtered and degassed mixture of 0.01M

Ammonium acetate buffer solution and acetonitrile (19 : 1).
Solution B—Prepare a filtered and degassed mixture of 0.01M

Ammonium acetate buffer solution and acetonitrile (3 : 1).
Standard stock solution A—Dissolve an accurately weighed

quantity of USP Didanosine Related Compound A RS in Diluent,
and dilute quantitatively, and stepwise if necessary, with Diluent to
obtain a solution having a known concentration of about 0.05 mg per
mL.

Standard stock solution B—Dissolve an accurately weighed
quantity of USP Didanosine RS in Diluent, and dilute quantitatively,
and stepwise if necessary, with Diluent to obtain a solution having
a known concentration of about 0.025 mg per mL.

~Standard stock solution C—Dissolve an accurately

weighed quantity of USP Didanosine Related Compound B

RS in Diluent, and dilute quantitatively, and stepwise if

necessary, with Diluent to obtain a solution having a known

concentration of about 0.025 mg per mL.~USP32
Standard solution—Transfer 5.0 mL of Standard stock solution A,

3.0 mL of Standard stock solution B,

~and 3.0 mL of Standard stock solution C~USP32
to a 50-mL volumetric flask, dilute with Diluent to volume, and mix.
System suitability solution—Dissolve an accurately weighed

quantity of USP Didanosine System Suitability Mixture RS in
Diluent, and dilute quantitatively, and stepwise if necessary, with
Diluent to obtain a solution having a known

~didanosine~USP32
concentration of about 0.5 mg per mL.
Test solution—Transfer about 50 mg of Didanosine, accurately

weighed, to a 100-mL volumetric flask, dissolve in and dilute with
Diluent to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and
a 4.6-mm 6 25-cm column that contains 5-mm packing L1. The
flow rate is about 2.0 mL per minute. The chromatograph is
programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–15 100 0 isocratic
15–20 100?0 0?100 linear gradient
20–30 0 100 isocratic
30–35 0?100 100?0 linear gradient
35–45 100 0 re-equilibration

Chromatograph the Standard solution, and record the peak responses
as directed for Procedure: the relative standard deviation for
replicate injections, determined on the didanosine related compound
A peak, is not more than 2.0%. [NOTE—For information purposes
only, didanosine elutes between 6 and 7.5 minutes;

~the relative retention times are about 1.0 for didanosine, 0.28

for didanosine related compound A, and 2.11 for didanosine

related compound B.]~USP32
Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the resolution, R, between
didanosine and dideoxydidehydroinosine is not less than 3.0; and the
column efficiency, determined on the dideoxydidehydroinosine
peak, is not less than 6000 theoretical plates.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms for 30 minutes, and measure all the peak
responses. Calculate the percentage of didanosine related compound
A in the portion of Didanosine taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP Didanosine
Related Compound A RS in the Standard solution; CU is the
concentration, in mg per mL, of the Test solution; rU is the peak
response of didanosine related compound A in the Test solution; and
rS is the peak response of USP Didanosine Related Compound A RS
in the Standard solution. Calculate the percentage of any specified
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impurity and any other individual impurities in the portion of
Didanosine taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP Didanosine
RS in the Standard solution; CU is the concentration, in mg per mL,
of the Test solution; rU is the peak response of each impurity in the
Test solution; and rS is the peak response of USP Didanosine RS in
the Standard solution. The impurity limits meet the requirements
specified in Table 1.

Table 1

Component

Relative
Retention
Time

Maximum
Limit (%)

Didanosine related compound A
(Hypoxanthine)

0.28 0.5

Inosine 0.39 0.2
2’-deoxyinosine 0.45 0.3
3’-deoxyinosine 0.51 0.2
2’,3’-anhydroinosine 0.59 0.2
Dideoxydidehydroinosine 0.81 0.2
Didanosine 1.0 N/A

~Didanosine related

compound B~USP32

(2’,3’-dideoxyadenosine) 2.1 0.2
5’-Deoxydideoxyadenosine 3.1 0.2
Any other impurity N/A 0.1
Total impurities N/A 1.0

BRIEFING

Dimethyl Sulfoxide, USP 30 page 1960. On the basis of
comments received, it is proposed to make the following changes.

1. Water could not be detected by a flame-ionization detector;
therefore, it is proposed to add the phrase ‘‘calculated on the
anhydrous basis’’ to the Definition.

2. It is proposed to delete the test for Congealing temperature,
which is used for assay determination in the current
monograph, and to add an Assay, which would be calculated
by subtracting the percentage of total impurities determined in
the test for Related compounds from 100%.

3. It is proposed to add a test for Related compounds and to delete
the test for Substances darkened by potassium hydroxide in the
current monograph. The impurities detected by the latter test
can be analyzed by the proposed test for Related compounds,
and therefore the test for Substances darkened by potassium
hydroxide no longer adds value to the monograph.

4. It is proposed to delete the test for Limit of dimethyl sulfone. To
harmonize with the European Pharmacopoeia, the limit of not
greater than 0.03% for dimethyl sulfone is thereby eliminated. It
is also proposed to add a test for Related comounds which can
detect the dimethyl sulfone impurity and sets a limit for the
percentage of total impurities.

5. Because the test for Limit of nonvolatile residue in the current
monograph is an outdated method, it is proposed to replace it
with an ACS test method. In addition, it is proposed to change
the limit of the nonvolatile residue.

6. In the test for Related compounds, a capillary HP-1 brand of G2
column replaces the packed column that was used in the test for
Limit of dimethyl sulfone. The typical retention time for
dimethyl sulfoxide is about 7 minutes.

(MD-OOD: F. Mao) RTS—C42535

Change to read:

» Dimethyl Sulfoxide contains not less than 99.9
percent of C2H6OS,

~calculated on the anhydrous basis.~USP32

Delete the following:

~

Congealing temperature h651i: not less than 18.38, indicating
not less than 99.9% of C2H6OS.~USP32

Delete the following:

~

Substances darkened by potassium hydroxide—Add 0.5 mL of
water and 1.0 g of solid potassium hydroxide to 25 mL of Dimethyl
Sulfoxide in a glass-stoppered, 50-mL flask. [NOTE—Use only solid
potassium hydroxide that is white with no discoloration.] Insert the
stopper, and heat in a steam cone for 20 minutes. Cool to room
temperature: the absorbance of the solution at 350 nm, measured in
a 2-cm cell, water being used as the blank, does not exceed
0.046.~USP32

Delete the following:

~

Limit of dimethyl sulfone—
System suitability solution—Prepare a solution containing about

0.15 mg of dimethyl sulfone per mL and 0.1 mg of dibenzyl per mL
in Dimethyl Sulfoxide.
Chromatographic system—The gas chromatograph is equipped

with a flame-ionization detector and a suitable recorder, and contains
a 3-mm 6 1.5-m column packed with 10% liquid phase G25 on
support S1A (see Chromatography h621i). The column temperature
is programmed to change at a rate of about 108 per minute from 1008
to 1708, the injection port is maintained at a temperature of about
2108, and the detector block is maintained at a temperature of about
2208. Helium is used as the carrier gas, flowing at the rate of about
30 mL per minute. Chromatograph the System suitability solution,
and record the peak responses as directed for Procedure: the column
efficiency as determined from the dimethyl sulfoxide peak is not less
than 1000 theoretical plates; and the resolution, R, between the
dimethyl sulfone and dibenzyl peaks is not less than 5.0.
Procedure— Inject about 1 mL of Dimethyl Sulfoxide into the gas

chromatograph, record the chromatograms, and measure the
responses of the peaks: the response of any peak, other than that
of dimethyl sulfoxide, is not greater than 0.03% of the total of the
responses of all of the peaks; and the total of the responses of all
secondary peaks is not greater than 0.1% of the total of the responses
of all of the peaks.~USP32

Change to read:

Limit of nonvolatile residue—Evaporate 50 g in a rotary evaporator
at a pressure of about 30 mm of mercury at 958. Wash the residue
from the evaporator flask into a tared dish with several 25-mL
portions of glass-distilled methanol, and evaporate on a hot plate in
an exhaust hood: the weight of the residue does not exceed 5.0 mg.
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~Evaporate about 50 g to dryness in a preweighed, tared,

aluminum evaporating dish on a hot plate under a suitable

fume hood. Evaporate gently so that boiling does not occur.

Dry the residue in an oven at 1058 for 30 minutes. Cool the

container to room temperature in a dessicator, and weigh. The

weight of the residue does not exceed 0.002%.~USP32

Add the following:

~Related compounds—

System suitability solution—Prepare a solution containing

about 0.15 mg of dimethyl sulfone per mL and 0.1 mg of

dibenzyl per mL in Dimethyl Sulfoxide.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and contains a 0.32-mm 6 15-m column bonded

with a 3-mm film of phase G2. The column temperature is

programmed to change from 1008 to 1708 at a rate of about

108 per minute, the injection port is maintained at

a temperature of about 2108, and the detector block is

maintained at a temperature of about 2208. Helium is used as

the carrier gas, flowing at the rate of about 30 mL per minute.

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the resolution, R,

between dimethyl sulfone and dibenzyl is not less than 5.0;

and the column efficiency, determined from the dimethyl

sulfoxide peak, is not less than 1000 theoretical plates.

Procedure—Inject about 1 mL of Dimethyl Sulfoxide into

the gas chromatograph, record the chromatograms, and

measure the peak responses. Calculate the percentage of

total impurities in the portion of Dimethyl Sulfoxide taken by

the formula:

100(rU / rs)

in which rU is the sum of the areas of all the impurity peaks;

and rs is the sum of the areas of all the peaks: not more than

0.1% of total impurities is found.~USP32

Add the following:

~Assay—Using the results from the test for Related

compounds, calculate the percentage of C2H6OS in the

portion of Dimethyl Sulfoxide taken by subtracting the

percentage of total impurities found from 100.0%.~USP32

BRIEFING

Dipivefrin Hydrochloride, USP 30 page 1970. On the basis of
comments received, it is proposed to revise the Assay preparation
and the Procedure in the Assay for clarification.

(MD-OOD: F. Mao) RTS—C58861

Change to read:

Assay—
Mobile phase—Prepare a mixture of acetonitrile, 0.014M sodium

dodecyl sulfate, and glacial acetic acid (24 : 15 : 1).
Standard preparation—Dissolve a suitable quantity of USP

Dipivefrin Hydrochloride RS, accurately weighed, in 0.0015N
hydrochloric acid to obtain a solution having a known concentration
of about 5 mg per mL.
Assay preparation—Prepare as directed for Standard preparation,

using 500 mg of Dipivefrin Hydrochloride, accurately weighed, in
place of the Reference Standard.

~Dissolve a suitable quantity of Dipivefrin Hydrochloride,

accurately weighed, in 0.0015N hydrochloric acid to obtain

a solution having a known concentration of about 5 mg per

mL.~USP32
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4-mm 6 30-cm column that contains packing L1. The flow rate is
about 2 mL per minute. Chromatograph the Standard preparation,
and record the peak responses as directed for Procedure: the column
efficiency is not less than 500 theoretical plates; the tailing factor for
the major peak is not more than 1.5; and the relative standard
deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph by means of a suitable microsyringe or sampling valve,
record the chromatograms, and measure the responses for the major
peaks. Calculate the quantity, in mg,

~percentage~USP32
of C19H29NO5 �HCl in the portion of Dipivefrin Hydrochloride taken
by the formula:

100C(rU / rS)

in which C is the concentration, in mg per mL, of USP Dipivefrin
Hydrochloride RS in the Standard preparation; and rU and rS are the
peak responses obtained from the Assay preparation and the
Standard preparation, respectively.

~100(CS /CU) / (rU / rS)
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in which CS is the concentration, in mg per mL, of dipivefrin

hydrochloride in the Standard preparation; CU is the

concentration, in mg per mL, of dipivefrin hydrochloride in

the Assay preparation; and rU and rS are the peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.~USP32

BRIEFING

Disopyramide Phosphate, USP 30 page 1975—See briefing
under Chloroquine.

(MD-CV: M. Puderbaugh; S. Ramakrishna) RTS—C58723

Change to read:

Assay—Dissolve about 160 mg of Disopyramide Phosphate,
accurately weighed, in 50 mL of glacial acetic acid TS,

~glacial acetic acid,~USP32
and titrate with 0.1N perchloric acid VS, determining the endpoint
potentiometrically. Perform a blank determination, and make any
necessary correction. Each mL of 0.1N perchloric acid is equivalent
to 21.87 mg of C21H29N3O �H3PO4.

BRIEFING

Dronabinol, USP 30 page 2002 and page 3780 of the First
Supplement.
1. Comments were received that for this material different

manufacturers have different storage conditions that are
supported by stability data. It is proposed to indicate that
manufacturers can store the material as per their labeling
instruction.

2. It is proposed to add a Note under Related compounds and the
Assay addressing the stability of the solutions.

3. It is proposed to change the injection volume in the test for
Related compounds to 10 mL. Comments were received that the
smaller injection volume may help improve the resolution
between exo-tetrahydrocannabinol and delta-9-tetrahydrocan-
nabinol peaks.

4. On the basis of comments received, it is proposed to move the
Sensitivity standard preparation from the Assay to the Related
compounds test and to delete the requirements relating to this
solution from the Chromatographic system in the Assay.
Comments received indicate that the requirement for detection
sensitivity is appropriate for a Related compounds test but not
needed for the Assay. It is also proposed to add a calculation of
the signal-to-noise ratio as outlined in the Stimuli article,
‘‘Determination of Signal-to-Noise Ratio in the Establishment
of Quantitation Limit Requirements for Chromatographic

Methods in USP Monographs—Approaches for Calculation
and Implementation,’’ published on page 1862 of PF 32(6)
[Nov.–Dec. 2006].

(MD-GRE: E. Gonikberg) RTS— C52668

Change to read:

Packaging and storage—Preserve in tight, light-resistant glass
containers in inert atmosphere. Store in a cool place.

~Store as per labeling instructions.~USP32

Change to read:

Related compounds—

~[NOTE—Minimize exposure to air and light for the Standard

solution and the Test solution. All samples should be analyzed

within 24 hours.]~USP32

Mobile phase, System suitability solution, and Standard
preparation, and Chromatographic system

~

~USP32
—Proceed as directed in the Assay.
Standard solution—Dilute an accurately measured volume of the

Standard preparation quantitatively, and stepwise if necessary, with
dehydrated alcohol to obtain a solution having a known concentra-
tion of about 0.004 mg per mL.

~Sensitivity solution—Quantitatively dilute an accurately

measured volume of the Standard solution with dehydrated

alcohol to obtain a solution having a concentration of about

0.2 mg per mL.~USP32
Test solution—Use the Assay preparation.

~Chromatographic system—Proceed as directed in the

Assay. In addition, chromatograph the Sensitivity solution,

and calculate the signal-to-noise ratio, S/N, by the formula:

(2H)/h

in which H is the measured height of the peak, and h is the

amplitude of the average measured baseline noise; the signal-

to-noise ratio is not less than 10.~USP32
Procedure—Separately inject equal volumes (about 20 mL)

~(about 10 mL)~USP32
of the Standard solution and the Test solution into the chromato-
graph, record the chromatograms, and measure the responses for all
of the peaks. Calculate the percentage of each impurity in the portion
of Dronabinol taken by the formula:

100(1/F)(CV/W)(rU / rS)

in which F is the relative response factor for each impurity (see Table
1); C is the concentration, in mg per mL, of �9-tetrahydrocannabinol
in the Standard solution; V is the volume, in mL, of the Test solution;
W is the weight, in mg, of Dronabinol taken to prepare the Test
solution; rU is the peak area response of each impurity in the Test
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solution; and rS is the peak area response of �9-tetrahydrocannabinol
in the Standard solution. In addition to not exceeding the limits in
Table 1, not more than 5.0% of total impurities is found.

Change to read:

Assay—

~[NOTE—Minimize exposure to air and light for the Standard

preparation and the Assay preparation. All samples should be

analyzed within 24 hours.]~USP32
&Mobile phase—Prepare a filtered and degassed mixture of

methanol, water, tetrahydrofuran, and acetonitrile (45 : 25 : 20 : 10),
making adjustments, if necessary (see System Suitability under
Chromatography h621i).
System suitability solution—Transfer accurately measured vol-

umes of USP �9-Tetrahydrocannabinol RS and USP Exo-tetrahy-
drocannabinol RS to a suitable volumetric flask, and dilute with
dehydrated alcohol to prepare a solution that contains about 200 mg
of �9-tetrahydrocannabinol and about 10 mg of exo-tetrahydrocan-
nabinol per mL.
Standard preparation—Quantitatively dilute an accurately

measured volume of USP �9-Tetrahydrocannabinol RS with
dehydrated alcohol to obtain a solution having a known concentra-
tion of about 0.2 mg per mL.
Sensitivity standard preparation—Quantitatively dilute an ac-

curately measured volume of the Standard preparation with
dehydrated alcohol to obtain a solution having a concentration of
about 0.2 mg per mL.

~

~USP32
Assay preparation—Transfer about 20 mg of Dronabinol,

accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with dehydrated alcohol to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 228-nm detector and
a 4.6-mm 6 15-cm analytical column that contains 4-mm packing
L1. The flow rate is about 1 mL per minute. The column temperature
is maintained at 208. Chromatograph the System suitability
preparation, and record the peak responses as directed for
Procedure: the resolution, R, between �9-tetrahydrocannabinol and
exo-tetrahydrocannabinol is not less than 1.5; and the tailing factor
of �9-tetrahydrocannabinol is not more than 2.0. Chromatograph the
Standard preparation, and record the peak responses as directed for
Procedure: the relative standard deviation for replicate injections is
not more than 2.0%. Chromatograph the Sensitivity standard
preparation, and record the peak responses as directed for
Procedure: the signal-to-noise ratio is not less than 10.

~

~USP32
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for all
of the peaks. Calculate the quantity, in mg, of C21H30O2 in the portion
of Dronabinol taken by the formula:

CV(rU / rS)

in which C is the concentration, in mg per mL, of �9-
tetrahydrocannabinol in the Standard preparation; V is the

volume, in mL, of the Assay preparation; and rU and rS are the
�9-tetrahydrocannabinol peak responses obtained from the Assay
preparation and the Standard preparation, respectively.&1S (USP30)

BRIEFING

Epinephrine, USP 30 page 2038—See briefing under Chloro-
quine.

(MD-PS: M. Puderbaugh; D. Bempong) RTS—C58723

Change to read:

Assay—Dissolve about 300 mg of Epinephrine, accurately weighed,
in 50 mL of glacial acetic acid TS

~glacial acetic acid,~USP32
warming slightly if necessary to effect solution. Add crystal violet
TS, and titrate with 0.1N perchloric acid VS. Perform a blank
determination, and make any necessary correction. Each mL of 0.1N
perchloric acid is equivalent to 18.32 mg of C9H13NO3.

BRIEFING

Fenofibrate Capsules, page 1169 of PF 33(6) [Nov.–Dec. 2007].
It is proposed to add a Dissolution Test 2 and a Labeling section to
this monograph.

(BPC: M. Marques) RTS—C56931

Add the following:

~Fenofibrate Capsules

» Fenofibrate Capsules contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of fenofibrate (C20H21ClO4).

Table 1

Name
Relative

Retention Time
Relative

Response Factor
Limit
(%)

Cannabinol 0.78 2.7 1.5
�9-Tetrahydrocannabinol 1.00 1.0 —
Exo-tetrahydrocannabinol1 1.07 0.92 0.5
�8-Tetrahydrocannabinol 1.18 0.90 2.0
Any other individual impurity — 1.0 1.0

1 (6aR, 10aR)-6,6-dimethyl-9-methylene-3-pentyl-6a,7,8,9,10,10a-hexahydro-6H-benzo[c]chromen-1-ol.
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Packaging and storage—Preserve in well-closed containers,

and store at controlled room temperature.

Labeling—When more than one Dissolution test is given, the

labeling states the test used only if Test 1 is not used.

USP Reference standards h11i—USP Fenofibrate RS. USP

Fenofibrate Related Compound B RS.

Identification—

A: Infrared Absorption h197Ki—

Test specimen—Transfer the contents of 1 Capsule to

a glass centrifuge tube, add an amount of methylene chloride,

equivalent to about 10 mL per 67 mg of fenofibrate, and

shake vigorously. Pass through a suitable paper filter into

a separatory funnel, wash with water, and collect the

methylene chloride layer. Evaporate under a stream of

nitrogen, and dry under vacuum at 608 for 1 hour. Mix

about 4 mg of the dried sample with about 200 mg of

potassium bromide.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

TEST 1—

Medium: 0.05M sodium lauryl sulfate in water; 1000

mL, deaerated.

Apparatus 2: 75 rpm.

Time: 40 minutes.

Buffer solution pH 2.9 and Mobile phase—Prepare as

directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Fenofibrate RS in Mobile phase to obtain

a solution having a known concentration of about (0.001

6 L) mg per mL, where L is the Capsule label claim, in mg.

Test solution—Filter a portion of the solution under test

through a 0.45-mm polyvinylidene difluoride (PVDF) filter.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the column efficiency is not less than 4000

theoretical plates; the tailing factor is not more than 2.0; and

the relative standard deviation for replicate injections is not

more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL

for Capsules labeled to contain 67 mg and about 5 mL for

Capsules labeled to contain 134 mg or 200 mg) of the

Standard solution and the Test solution into the chromato-

graph, record the chromatograms, and measure the peak

responses. Calculate the amount of C20H21ClO4 dissolved by

the formula:

in which rU and rS are the peak responses for the Test solution

and the Standard solution, respectively; CS is the concentra-

tion, in mg per mL, of the Standard solution; 1000 is the

volume, in mL, of Medium; 100 is the conversion factor to

percentage; and L is the Capsule label claim, in mg.

Tolerances— Not less than 70% (Q) of the labeled amount

of C20H21ClO4 is dissolved in 40 minutes.

TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: phosphate buffer pH 6.8+ 0.1 containing 0.1%

pancreatin and 2% polysorbate 80; 900 mL, deaerated with

vacuum.

Apparatus 2: 75 rpm, with sinker (see Dissolution h711i,

Figure 2a).

Time: 2 hours.

Standard solution—Prepare solutions of USP Fenofibrate

RS in Medium to obtain a final concentration of L/1000 mg

per mL, where L is the Capsule label claim. A volume of

methanol, not exceeding 10%, can be used in the first dilution

to solubilize fenofibrate.

Test solution—Pass 20 mL of the solution under test

through a 0.45-mm PVDF filter, discarding the first 2 mL.
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Procedure—Determine the amount of fenofibrate

(C20H21ClO4) dissolved by employing UV absorption at the

wavelength of maximum absorbance at about 288 nm on the

Test solution in comparison with the appropriate Standard

solution, using Medium as the blank and a 0.1-cm flow cell.

Calculate the amount of fenofibrate (C20H21ClO4), in percent-

age, dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and the appropriate Standard solution, respectively;

CS is the concentration of fenofibrate in the appropriate

Standard solution; 900 is the volume, in mL, of Medium; 100

is the conversion factor to percentage; and L is the Capsule

label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C20H21ClO4 is dissolved in 120 minutes.

Uniformity of dosage units h905i: meet the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—

Buffer solution pH 2.9, Mobile phase, Standard

preparation, and Chromatographic system—Proceed as

directed in the Assay.

Test solution—Place 1 Capsule in a suitable volumetric

flask, add Buffer solution pH 2.9 to 10%–20% of the final

volume, and stir for 20 minutes to disintegrate the Capsule.

Fill the flask to about 80% with methanol, sonicate for 10

minutes, stir for 15 minutes, and dilute with methanol to

volume to obtain a solution having a known concentration of

about 0.4 to 0.7 mg of fenofibrate per mL, based on the label

claim. Quantitatively dilute an aliquot with Mobile phase, to

obtain a solution having a known concentration of about 0.06

to 0.07 mg per mL, and pass it through a 0.45-um PVDF

filter, discarding the first 5 mL.

Procedure—Proceed as directed in the Assay, except to

inject the Test solution instead of the Assay preparation.

Related compounds—

Buffer solution pH 2.9 and Mobile phase—Prepare as

directed in the Assay.

System suitability solution—Dissolve an accurately

weighed quantity of USP Fenofibrate RS and USP Fenofi-

brate Related Compound B RS in Mobile phase to obtain

a solution having concentrations of about 0.67 mg per mL

and 3.35 mg per mL, respectively. [NOTE—Fenofibrate related

compound B is 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-

propanoic acid (fenofibric acid).]

Standard solution—Dissolve an accurately weighed quan-

tity of USP Fenofibrate RS and USP Fenofibrate Related

Compound B RS in Mobile phase to obtain a solution having

known concentrations of about 3.35 mg per mL of each

component.

Sensitivity solution—Quantitatively dilute an aliquot of the

Standard solution with Mobile phase, to obtain a solution

having concentrations of about 0.67 mg of each component

per mL.

Test solution—Accurately weigh the contents of not fewer

than 20 Capsules. Mix the contents, and transfer an accurately

weighed portion of the powder, equivalent to about 67 mg of

fenofibrate, to a 100-mL volumetric flask. Fill the flask to

about 80% with Mobile phase, sonicate for 10 minutes, stir

for 15 minutes, and dilute with Mobile phase to volume. Pass

a portion of this solution through a 0.45-mm PVDF filter,

discarding the first 5 mL. The final concentration is about

0.67 mg per mL.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the resolution, R, between fenofibrate and

fenofibrate related compound B is not less than 3.0; the

column efficiency for the fenofibrate related compound B

peak is not less than 3000 theoretical plates; and the tailing

factor is not more than 2.0. Chromatograph the Sensitivity

solution, and record the peak responses as directed for

Procedure: the signal-to-noise ratio is not less than 10 for the
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fenofibrate peak. Chromatograph the Standard solution, and

record the peak responses as directed for Procedure: the

relative standard deviation for replicate injections is not more

than 2.0% for each peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of fenofibrate

related compound B relative to the fenofibrate labeled content

in the portion of Capsules taken by the formula:

100(CS /CT)(ri / rS)

in which CS is the concentration, in mg per mL, of fenofibrate

related compound B in the Standard solution; CT is the

concentration, in mg per mL, of fenofibrate in the Test

solution, based on the label claim; and ri and rS are the

responses of fenofibrate related compound B obtained from

the Test solution and the Standard solution, respectively.

Calculate the percentage of any other impurity relative to the

fenofibrate labeled content in the portion of Capsules taken by

the formula:

100(CF /CT)(ri / rF)

in which CF is the concentration, in mg per mL, of fenofibrate

in the Standard solution; CT is as defined above; ri is the peak

response of each impurity obtained from the Test solution;

and rF is the peak response of the fenofibrate, obtained from

the Standard solution. Not more than 0.5% of fenofibrate

related compound B is found; not more than 0.2% of any

other impurity is found; and not more than 2.0% of total

impurities is found.

Assay—

Buffer solution pH 2.9—Dissolve 136 g of monobasic

potassium phosphate in 1000 mL of water, and adjust with

dilute phosphoric acid (1 in 10) to a pH of 2.9+ 0.05.

Mobile phase—Prepare a mixture of methanol and Buffer

solution pH 2.9 (80 : 20). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Fenofibrate RS in Mobile phase to obtain

a solution having a known concentration of about 0.067 mg

per mL.

Assay preparation—Accurately weigh the contents of not

fewer than 20 Capsules. Mix the contents, and transfer an

accurately weighed portion of the powder, equivalent to about

67 mg of fenofibrate, to a 100-mL volumetric flask. Fill the

flask to about 80% with Mobile phase, sonicate for 10

minutes, stir for 15 minutes, and dilute with Mobile phase to

volume. Quantitatively dilute 5.0 mL of this solution to 50

mL with Mobile phase, and pass a portion of this solution

through a 0.45-mm PVDF filter, discarding the first 5 mL. The

final concentration based on the label claim is about 0.067 mg

per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 285-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is not less than

6000 theoretical plates; the tailing factor is not more than 2.0;

and the relative standard deviation for replicate injections is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

the labeled amount of fenofibrate (C20H21ClO4) in the portion

of Capsules taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of fenofibrate

in the Standard preparation; CU is the concentration, in mg

per mL, of fenofibrate in the Assay preparation, based on the
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label claim; and rU and rS are the peak areas obtained from the

Assay preparation and the Standard preparation, respec-

tively.~USP32

BRIEFING

Fexofenadine Hydrochloride and Pseudoephedrine
Hydrochloride Extended-Release Tablets, page 4093 of the
Second Supplement to USP 30. It is proposed to add a Dissolution
Test 2, because FDA recently approved a generic version of this
product; and to add a Labeling section based on the changes in the
Dissolution section. The chromatographic procedure in Test 2 was
validated using brands Supelcosil C8, Hypersil BDS C8, and
Spherisorb C8 of packing L1. In the absence of negative comments,
it is proposed to implement this revision through an Interim Revision
Announcement pertaining to USP 31–NF 26, with an official date of
June 1, 2008.

(BPC: M. Marques) RTS—C58974

Add the following:

.Labeling—When more than one Dissolution test is given,

the labeling states the test used only if Test 1 is not used..3

Change to read:

Dissolution h711i—

.TEST 1—.3
Medium: 0.001N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Times: fexofenadine hydrochloride: 15 and 45 minutes; pseu-

doephedrine hydrochloride: 45 minutes; 3, 5, and 12 hours.
Determine the percentages of the labeled amounts of fexofenadine

hydrochloride (C32H39NO4 �HCl) and of pseudoephedrine hydrochlo-
ride (C10H15NO �HCl) dissolved by using the following method.
Buffer solution—Dissolve 14.0 g of monobasic sodium phosphate

monohydrate in 2 L of water. Adjust with 85% phosphoric acid to
a pH of 2.00+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and acetonitrile (55 : 45). Make adjustments if necessary
(see System suitability under Chromatography h621i).
Standard solution—[NOTE—A small amount of methanol, not to

exceed 0.5% of the total volume, can be used to dissolve the
fexofenadine hydrochloride.] Dissolve accurately weighed quantities
of USP Fexofenadine Hydrochloride RS and USP Pseudoephedrine
Hydrochloride RS inMedium, and dilute quantitatively, and stepwise
if necessary, to obtain a solution containing known concentrations
similar to those expected in the solution under test.
Test solution—Use portions of the solution under test passed

through a 0.45-mm nylon filter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 210-nm detector and
a 4.6-mm 6 25-cm column containing packing L6. The flow rate is
about 1.0 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the resolution,
R, between fexofenadine and pseudoephedrine is not less than 3.0;
the tailing factor is not more than 1.5 for fexofenadine and for
pseudoephedrine; and the relative standard deviation for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph, and
record the peak responses for fexofenadine and pseudoephedrine.

Calculate the amounts of fexofenadine hydrochloride
(C3 2H39NO4 �HCl) and pseudoephedrine hydrochloride
(C10H15NO �HCl) dissolved.
Tolerances—For fexofenadine hydrochloride (C32H39NO4 �HCl),

not less than 65% (Q) of the labeled amount is dissolved in 15
minutes and not less than 80% (Q) of the labeled amount is dissolved
in 45 minutes; the percentages of the labeled amount of
pseudoephedrine hydrochloride (C10H15NO �HCl) dissolved at the
times specified conform to Acceptance Table 2 under Dissolution
h711i.

Time
Amount dissolved

(average)
45 minutes not more than 36%
3 hours between 45% and 69%
5 hours between 61% and 80%
12 hours not less than 80%

.TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: 0.001N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Times: fexofenadine hydrochloride: 45 minutes; pseudo-

ephedrine hydrochloride: 30 minutes; 2, 4, and 12 hours.

Determine the percentages of the labeled amounts of

fexofenadine hydrochloride (C32H39NO4 �HCl) and of pseu-

doephedrine hydrochloride (C10H15NO �HCl) dissolved by

using the following method.

Buffer solution—Dissolve about 2.7 g of monobasic

potassium phosphate and 2.2 g of sodium 1-octanesulfonate

in 1000 mL of water. Adjust the pH to 2.50+0.05, using

phosphoric acid.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution, methanol, and acetonitrile (4 : 3 : 3). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Fexofenadine standard stock solution—Transfer about 66

mg, accurately weighed, of USP Fexofenadine Hydrochloride

RS to a 100-mL volumetric flask. Add 10 mL of methanol,

and swirl until dissolved. Add about 50 mL of Medium, and

mix. Allow the solution to equilibrate to room temperature,

and dilute with Medium to volume.

Pseudoephedrine standard stock solution—Transfer about

66 mg, accurately weighed, of USP Pseudoephedrine

Hydrochloride RS to a 100-mL volumetric flask. Add 10
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mL of methanol, and swirl until dissolved. Add about 50 mL

of Medium, and mix. Allow the solution to equilibrate to

room temperature, and dilute with Medium to volume.

Working standard solution—Transfer 10.0 mL of Fexofe-

nadine standard stock solution and 20.0 mL of Pseudoe-

phedrine standard stock solution to a 100-mL volumetric

flask, dilute with Medium to volume, and mix.

Test solution—Pass a portion of the solution under test

through a suitable filter having a porosity of 0.45 mm.

Chromatographic system—The liquid chromatograph is

equipped with a 215-nm detector and a 4.6-mm 6 25-cm

column containing 5-mm packing L7. The flow rate is about

1.5 mL per minute. Chromatograph the Working standard

solution, and record the peak responses as directed for

Procedure: the resolution, R, between fexofenadine and

pseudoephedrine is not less than 2.0; the tailing factor for the

fexofenadine peak is not more than 2.0, and for the

pseudoephedrine peak, not more than 2.5; and the relative

standard deviation for replicate injections for both peaks is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Working standard solution and the Test solution into

the chromatograph, and record the peak responses for

fexofenadine and pseudoephedrine. Calculate the amounts

of fexofenadine hydrochloride (C32H39NO4 �HCl) and pseu-

doephedrine hydrochloride (C10H15NO �HCl) dissolved.

To l e rance s—For f exo f enad ine hyd roch lo r i de

(C32H39NO4 �HCl), not less than 80% (Q) of the labeled

amount is dissolved in 45 minutes; and the percentages of the

labeled amount of pseudoephedrine hydrochloride

(C10H15NO �HCl) dissolved at the times specified conform

to Acceptance Table 2 under Dissolution h711i.

Time Amount dissolved (average)

30 minutes not more than 35%

2 hours between 38% and 58%

4 hours between 56% and 76%

12 hours not less than 80%

.3

BRIEFING

Fluconazole, USP 30 page 2137, page 3788 of the First
Supplement, and page 400 of PF 33(3) [May–June 2007]. On the
basis of comments received, it is proposed to make editorial changes
to the NOTE in the Related compounds test to provide clarity.

(MD-AA: H. Ramanathan; B. Davani) RTS—C56688

Change to read:

Related compounds—[NOTE—On the basis of information regard-
ing the manufacturing process, Test 1 or Test 2 and Test 3.

~perform either: (a) Test 1 or (b) Test 2 and Test 3.]~USP32

TEST 1—
Mobile phase—Prepare a mixture of water and acetonitrile

(80 : 20).
System suitability solution—Use the Standard solution.
Standard solution—Transfer accurately weighed quantities of USP

Fluconazole RS, USP Fluconazole Related Compound A RS, USP
Fluconazole Related Compound B RS, and USP Fluconazole
Related Compound C RS to a suitable volumetric flask, dissolve
in acetonitrile, dilute quantitatively, and stepwise if necessary, with
Mobile phase to volume, and mix to obtain a solution having known
concentrations of 10 mg of each per mL.
Test solution—Transfer about 30 mg of Fluconazole, accurately

weighed, to a 10-mL volumetric flask, dissolve in and dilute with
Mobile phase to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 260-nm detector and
a 4.6-mm 6 15-cm column that contains 3.5-mm packing L1. The
flow rate is about 0.5 mL per minute. The column temperature is
maintained at 408. Chromatograph the Standard solution, and record
the peak responses as directed for Procedure: typical retention times
are about 4.9 minutes for fluconazole related compound A, 8.0
minutes for fluconazole related compound B, 8.5 minutes for
fluconazole related compound C, and 9.9 minutes for fluconazole;
the resolution, R, between fluconazole related compound B and
fluconazole related compound C is not less than 1.5; and the relative
standard deviation of each peak for replicate injections is not more
than 5.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the responses for the major
peaks. Calculate the percentage of fluconazole related compound A,
fuconazole related compound B, fluconazole related compound C,
and any other impurities in the portion of Fluconazole taken by the
formula:

1000(C/W)(rU / rS)

in which C is the concentration, in mg per mL, of USP Fluconazole
Related Compound A RS, USP Fluconazole Related Compound B
RS, USP Fluconazole Related Compound C RS, or USP Fluconazole
RS, respectively, in the Standard solution; W is the weight, in mg, of
Fluconazole taken to prepare the Test solution; rU is the peak
response obtained from the Test solution; and rS is the average peak
response of fluconazole related compound A, fluconazole related
compound B, fluconazole related compound C, or fluconazole
obtained from replicate injections of the Standard solution: not more
than 1.0% of any impurity with a relative retention time (RRT) of
about 0.6 is found; not more than 0.2% of fluconazole related
compound A or fluconazole related compound C is found; not more
than 0.1% of fluconazole related compound B is found; not more
than 0.1% of any other individual impurity is found; not more than
&0.3%&1S (USP30) of total &unknown&1S (USP30) impurities is found;
and not more than &1.5%&1S (USP30) of total impurities is found.

TEST 2—
Acetate buffer—Prepare a 0.04M
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&0.01M&1S (USP31)
anhydrous sodium acetate solution, adjust with 1N acetic acid to
a pH of 5.0, and mix.
Solution A: filtered and degassed Acetate buffer.
Solution B: acetonitrile.
Solution C: methanol.
Mobile phase—Use variable mixtures of Solution A, Solution B,

and Solution C as directed for Chromatographic system. Make
adjustments if necessary (see System Suitability under Chromato-
graphy h621i).
Diluent—Prepare a mixture of Acetate buffer and methanol

(84 : 16).
Standard solution—Dissolve an accurately weighed quantity of

USP Fluconazole RS in Diluent, and dilute quantitatively, and
stepwise if necessary, with Diluent to obtain a solution having
a known concentration of about 0.01 mg per mL.
System suitability solution—Dissolve suitable quantities of USP

Fluconazole RS and USP Desacetyl Diltiazem Hydrochloride RS in
Diluent. Dilute quantitatively, and stepwise if necessary, with
Diluent to obtain a solution containing about 0.02 mg per mL and
0.006 mg per mL, respectively.
Test solution—Transfer about 200 mg of Fluconazole, accurately

weighed, to a 100-mL volumetric flask, and dissolve in and dilute
with Diluent to volume.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 261-nm detector and
a 4.0-mm 6 10-cm column that contains packing L1. The flow rate
is 1 mL per minute. The chromatograph is programmed as follows:

Time
(minutes)

Solution
A (%)

Solution
B (%)

Solution
C (%) Elution

0–10 80 5 15 isocratic
10–20 80?30 5?55 15 linear gradient

(A and B)
20–23 30 55 15 isocratic
23–25 30?80 55?5 15 reset composition
25–30 80 5 15 re-equilibration

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the relative retention times are
1.0 for fluconazole and about 1.2 for desacetyl hydrochloride

&diltiazem;&1S (USP31)
the resolution, R, between fluconazole and desacetyl diltiazem
hydrochloride is not less than 10.0; the column efficiency for
fluconazole is not less than 30,000 theoretical plates; and the tailing
factor, T, is not more than 1.4. Chromatograph the Standard solution,
and record the peak responses as directed for Procedure: the relative
standard deviation for replicate injections is less than 5.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of each impurity in the portion of
Fluconazole taken by the formula:

10,000(ri / rS)(C/W)(1/F)

in which ri is the peak response of each impurity obtained from the
Test solution; rS is the peak response of fluconazole obtained from
the Standard solution; C is the concentration, in mg per mL, of USP
Fluconazole RS in the Standard solution; W is the weight, in mg, of
Fluconazole taken to prepare the Test solution; and F is the relative
response factor as determined from the following table:

Relative Response
Factor (F)

Relative Retention
Time (RRT)

0.72 0.17–0.37
0.85 &0.48–0.60&1S (USP30)
1.21 &0.67–0.79&1S (USP30)
0.96 1.14–1.18
0.97 &1.20–1.32&1S (USP30)
1.0 all other peaks

Not more than 0.1% of any individual impurity is found; and
not more than 0.5% of total impurities is found.

TEST 3—
Adsorbent: 0.25-mm layer of chromatographic silica gel mix-

ture.
Test solution—Dissolve an accurately weighed quantity of

Fluconazole in methanol to obtain a solution containing approxi-
mately 50 mg per mL.
Standard solutions—Dissolve an accurately weighed quantity of

USP Fluconazole RS in methanol to obtain Standard solution A
having a known concentration of about 1 mg per mL (2.0%).
Quantitatively dilute portions of this solution with methanol to
obtain Standard solution B and Standard solution C having known
concentrations of about 0.1 mg per mL (0.2%) and 0.05 mg per mL
(0.1%), respectively.
Developing solvent system—Prepare a mixture of chloroform,

methanol, and ammonium hydroxide (80 : 20 : 1).
Application volume: 10 mL.
Spray reagent A—Dissolve about 170 mg of silver nitrate in 100

mL of water.
Spray reagent B (Potassium iodoplatinate solution)—Dissolve

about 375 mg of chloroplatinic acid in 5 mL of 1N hydrochloric
acid. Dissolve about 5 g of potassium iodide in 50 mL of water, and
store in a light-resistant container. Prepare a mixture of water, the
potassium iodide solution, and the chloroplatinic acid solution
(20 : 9 : 1).
Procedure—Proceed as directed for Thin-Layer Chromatography

under Chromatography h621i. Spray the dry plate with Spray
reagent A, and expose the plate to 365-nm UV light for 10 to 20
minutes. Dry the plate for 20 minutes between 808 and 908, then
spray the plate with Spray reagent B. Allow the plate to dry.
Examine the plate and compare the intensities of any secondary
spots observed in the chromatogram of the Test solution with those
of the principal spots in the chromatograms of the Standard
solutions: no spot from the chromatogram of the Test solution with
an RF value of between 0.10 to 0.25 and 0.27 to 0.41 is larger or
more intense than that obtained from Standard solution B (0.2%).

BRIEFING

Foscarnet Sodium, Because there is no existing USP monograph
for this drug substance, a new monograph is being proposed based
on the monograph published in European Pharmacopoeia 5.8. The
liquid chromatographic procedure in the test for Limit of foscarnet
related compound B, unknown impurities, and total impurities is
based on the analysis performed with 3-mm Hypersil C18 brand of
L1 column. The gas chromatographic procedure in the test for Limit
of foscarnet related compound D is based on the analysis performed
with Supelco SPB 5 brand of G27 column. The liquid chromato-
graphic procedure in the test for Limits of phosphate and phosphite is
based on the analysis performed with Waters IC PAK brand of L##
column (see Chromatographic Reagents).

(MD-AA: B. Davani) RTS—C49306

Add the following:

~Foscarnet Sodium

CNa3O5P � 6H2O 300.04
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Phosphinecarboxylic acid, dihydroxy-, oxide, trisodium salt,

hexahydrate.

Phosphonoformic acid, trisodium salt, hexahydrate

[34156-56-4].

» Foscarnet Sodium contains not less than 98.5

percent and not more than 101.0 percent of

CNa3O5P, calculated on the dried basis.

Packaging and storage—Preserve in tight, light-resistant

containers. Store at room temperature.

USP Reference standards h11i—USP Foscarnet Sodium

RS. USP Foscarnet Related Compound B RS. USP Foscarnet

Related Compound D RS.

Identification—

A: Infrared Absorption h197Ki.

B: It meets the requirements of the test for Sodium h191i.

pH h791i: between 9.0 and 11.0, in a carbon dioxide-free

aqueous solution containing 20 mg of Foscarnet Sodium per

mL.

Loss on drying h731i—Dry about 0.1 g at 1508 for at least 15

minutes and weigh: it loses between 35.0% and 37.0% of its

weight.

Heavy metals—

Lead standard stock solution (1000 ppm)—Dissolve 0.4 g

of lead nitrate in 250 mL of water. Prepare and store this

solution in glass containers free from soluble lead salts.

Lead standard solution—Immediately before use, dilute

Lead standard stock solution (1000 ppm), quantitatively and

stepwise if necessary, with water to obtain a solution having

a known concentration of 1 ppm of lead.

Sodium sulfide solution—Dissolve 12 g of disodium sulfide

nonahydrate with heating in 45 mL of a mixture of 10

volumes of water and 29 volumes of 85% glycerol, allow to

cool, and dilute with the same mixture of solvents to 100 mL.

Acetate buffer—Dissolve 25.0 g of ammonium acetate in 25

mL of water, and add 38.0 mL of 6N hydrochloric acid.

Adjust, if necessary, with 6N ammonium hydroxide or 6N

hydrochloric acid to a pH of 3.5, dilute with water to 100 mL,

and mix.

Test solution—Dissolve 1.25 g in 12.5 mL of 1M

hydrochloric acid. Heat on a boiling water bath for 3 minutes

and cool to room temperature. Transfer to a beaker, adjust

with 6N ammonium hydroxide to a pH of about 3.5, and

dilute with water to 25 mL.

Standard solution—Prepare a mixture of 5.0 mL of Lead

standard solution, 5.0 mL of water, 2.0 mL of the Test

solution, and 2.0 mL of Acetate buffer. Rapidly pour the

solution into a test tube containing 1 drop of Sodium sulfide

solution.

Procedure—To 12 mL of the Test solution add 2.0 mL of

Acetate buffer. Rapidly pour the mixture into a test tube

containing 1 drop of Sodium sulfide solution. The solution is

not more intensely colored than the Standard solution

prepared simultaneously (10 ppm).

Limit of foscarnet related compound B, unknown

impurities, and total impurities—

Solution A—Dissolve 3.2 g of sodium sulfate decahydrate

in water, add 3 mL of glacial acetic acid and 6 mL of 0.1M

sodium pyrophosphate, and dilute with water to 1000 mL.

Solution B—Dissolve 3.2 g of sodium sulfate decahydrate

in water, add 6.8 g of sodium acetate and 6 mL of 0.1M

sodium pyrophosphate, and dilute with water to 1000 mL.

Mobile phase—Prepare a mixture of Solution A and

Solution B (70 : 30). [NOTE—The pH of this solution is

about 4.4.] To 1000 mL of this solution, add 0.25 g of

tetrahexylammonium hydrogen sulfate and 100 mL of

methanol, and mix.

Test solution—Dissolve an accurately weighed quantity of

Foscarnet Sodium inMobile phase to obtain a solution having

a known concentration of about 2.5 mg per mL.
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Standard solution—Accurately dilute the Test solution in

Mobile phase, stepwise if necessary, to obtain a solution

having a known concentration of about 5.0 mg per mL.

Resolution solution—Transfer 2.0 mL of the Test solution

into a 50-mL volumetric flask, add 5.0 mg of USP Foscarnet

Related Compound B RS, and dilute with Mobile phase to

volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detector

and a 4.6-mm 6 10-cm column that contains 3-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the Resolution solution, and record the peak responses as

directed for Procedure: the resolution, R, between foscarnet

and foscarnet related compound B is not less than 7.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, allow the chromatogram to run for 2.5 times

of the retention time of foscarnet, record the chromatograms,

and measure the peak responses: the area of any peak, apart

from the major peak, in the chromatogram obtained with the

Test solution is not greater than the area of the major peak in

the chromatogram obtained with the Standard solution

(0.2%); the sum of the areas of all the peaks, apart from the

major peak, is not greater than twice the area of the major

peak in the chromatogram obtained with the Standard

solution (0.4%). Disregard any peak with a relative retention

time less than 0.6 and any peak with an area less than 0.2

times that of the peak in the chromatogram obtained with the

Standard solution.

Limit of foscarnet related compound D—

Test solution—Dissolve 0.25 g of Foscarnet Sodium in 9

mL of 0.1M acetic acid. Add 1 mL of alcohol, and mix.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Foscarnet Related Compound D RS in alcohol,

stepwise if necessary, to obtain a solution having a known

concentration of about 25 mg per mL.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 0.31-mm 6 25-m column coated with a

0.5-mm phase G27. The carrier gas is helium, flowing at a rate

of 1 mL per minute. The split ratio is 1 : 20. The

chromatograph is programmed as follows. The temperature

of the column is increased from 1008 to 1808 at a rate of 108

per minute. The injection port temperature is maintained at

2008, and the detector temperature is maintained at 2508.

Procedure—Separately inject equal volumes (about 3 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses: the area of the peak due to foscarnet related

compound D in the chromatogram obtained with the Test

solution is not greater than the area of the peak in the

chromatogram obtained with the Standard solution (0.1%).

Limit of phosphate and phosphite—

Mobile phase—Dissolve about 0.1 g of potassium phthalate

monobasic in water, add 2.5 mL of 1M nitric acid, and dilute

with water to 1000 mL.

Test solution—Dissolve an accurately weighed quantity of

Foscarnet Sodium in water to obtain a solution having

a known concentration of about 2.4 mg per mL.

Standard stock solution 1—Dissolve an accurately weighed

quantity of sodium dihydrogen phosphate monohydrate in

water to obtain a solution having a known concentration of

about 0.28 mg per mL.

Standard stock solution 2—Dissolve an accurately weighed

quantity of sodium phosphite pentahydrate in water to obtain

a solution having a known concentration of about 0.43 mg per

mL.

Standard solution—Transfer 1 mL each of Standard stock

solution 1 and Standard stock solution 2 to a 25–mL

volumetric flask, and dilute with water to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 290-nm detector

and a 4.6-mm 6 5-cm column that contains packing L## (see

Chromatographic Reagents). The flow rate is about 1.4 mL
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per minute. Chromatograph the Standard solution, and record

the peak responses as directed for Procedure: the resolution,

R, between phosphate and phosphite is not less than 2.0.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses: the area of any peak due to phosphate and

phosphite in the chromatogram obtained with the Test

solution is not greater than the area of the corresponding

peak in the chromatogram obtained with the Standard

solution (0.3% of phosphate and 0.3% of phosphite).

Assay—Dissolve about 0.2 g of Foscarnet Sodium, accurately

weighed, in 50 mL of water. Titrate with 0.05M sulfuric acid,

determining the endpoint potentiometrically at the first

inflection point. Each mL of 0.05M sulfuric acid is equivalent

to 19.20 mg of CNa3O5P.~USP32

BRIEFING

Levothyroxine Sodium Tablets, USP 30 page 2470. Based on
the request received from the FDA, it is proposed to narrow the
assay range specification from the current ‘‘not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of
levothyroxine sodium’’ to ‘‘not less than 95.0 percent and not
more than 105.0 percent of of the labeled amount of levothyroxine
sodium.’’
On October 3, 2007, FDA notified the holders of approved NDAs

and ANDAs for levothyroxine sodium drug products that it will
require all approved levothyroxine sodium drug products to meet
a 95.0 percent to 105.0 percent range of label claim throughout their
labeled shelf-lives. The manufacturers should begin meeting these
specifications no later than 24 months after the notification. This
proposal is part of the FDA’s ongoing effort to address concerns
about the performance of approved levothyroxine sodium products
and to help ensure that levothyroxine sodium drug products maintain
their quality throughout their shelf-lives. Additional information
about the FDA proposal, including questions and answers, is
available on the following FDA Center for Drug Evaluation and
Research (CDER) website: http://www.fda.gov/cder/drug/infopage/
levothyroxine/default.htm.
This revision includes a provision for a delayed implementation

and will become official on October 3, 2009, to correspond to the
date provided to the application holders. In this way, implementation
of the USP monograph revision will be contemporaneous with the
date when all approved products will be expected to meet the revised
potency specifications.

(MD-GRE: E. Gonikberg) RTS—C58912

Change to read:

» Levothyroxine Sodium Tablets contain not less than
90.0 percent and not more than 110.0 percent

~not less than 95.0 percent and not more than 105.0

percent~USP32

of the labeled amount of levothyroxine sodium
(C15H10I4NNaO4).

(Official October 3, 2009)

BRIEFING

Meradimate, USP 30 page 2579. On the basis of comments
received, it is proposed to add the split ratio to the Chromatographic
system in the Assay for clarification.

(MD-OOD: F. Mao) RTS—C58722

Change to read:

Assay—
Standard preparation—Dissolve an accurately weighed quantity

of USP Meradimate RS in tert-butyl methyl ether, and dilute
quantitatively, and stepwise if necessary, with tert-butyl methyl ether
to obtain a solution having a known concentration of about 20.0 mg
per mL.
Assay preparation—Transfer about 2 g of Meradimate, accurately

weighed, to a 100-mL volumetric flask, dilute with tert-butyl methyl
ether to volume, and mix.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and
a 0.32-mm 6 25-m column coated with a 0.1-mm film of G1. The
carrier gas is helium, flowing at a rate of about 6 mL per minute.

~The split ratio is 30 : 1.~USP32
The chromatograph is programmed as follows. Initially the
temperature of the column is equilibrated at 608, then the
temperature is increased at a rate of 88 per minute to 2408, and is
maintained at 2408 for 10 minutes. The injection port temperature is
maintained at 2408, and the detector temperature is maintained at
2608. Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the resolution, R, between
meradimate and any other peak is not less than 1.0; and the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 1 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of C17H25NO2 in the
portion of Meradimate taken by the formula:

100C(rU / rS)

in which C is the concentration, in mg per mL, of USP Meradimate
RS in the Standard preparation; and rU and rS are the peak responses
obtained from the Assay preparation and the Standard preparation,
respectively.
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BRIEFING

Methoxsalen Capsules, USP 30 page 2616. On the basis of
comments received, it is proposed to revise the Assay to include
a preparation for soft gelatin capsules. The proposed revision
eliminates the bias caused by the volume of liquid in the soft gelatin
capsules. Because of a recently submitted validation report, it is
proposed to remove the Internal standard solution in the Assay. The
formula in the Assay is also revised to calculate the quantity of
methoxsalen in percentage of the label claim according to the
recommendation in the Stimuli article, ‘‘Common Pharmacopeial
Calculations in USP Monographs,’’ on page 626 of PF 31(2) [Mar.–
Apr. 2005].

(MD-OOD: F. Mao) RTS—C55888

Change to read:

Assay—
Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (65 : 35). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Internal standard solution—Prepare a solution of trioxsalen in

alcohol having a known concentration of 0.2 mg per mL.
~

~USP32
Standard preparation—Prepare a solution in alcohol having an

accurately known concentration of 0.2 mg of USP Methoxsalen RS
per mL. Pipet 2.0 mL of this solution into a 100-mL volumetric
flask, containing 2.0 mL of Internal standard solution,

~

~USP32
dilute with Mobile phase to volume, and mix.
Assay preparation—

~

FOR HARD GELATIN CAPSULES—~USP32
Place not less than 10 Capsules in a high-speed glass blender jar
containing 100.0 mL of alcohol, and blend thoroughly. Transfer an
accurately measured volume of the aliquot from the blender jar,
equivalent to about 2 mg of Methoxsalen, to a 50-mL volumetric
flask, containing 10.0 mL of Internal standard solution,

~

~USP32
dilute with alcohol to volume, mix, and filter. Transfer 5.0 mL of this
solution to a 50-mL volumetric flask, dilute with Mobile phase to
volume, mix, and filter.

~

FOR SOFT GELATIN CAPSULES—Place a long-stem glass

funnel on a 250-mL volumetric flask, punch a hole at each

end of a Capsule with a syringe containing 15 mL of alcohol,

and rinse the contents into the flask. Cut the Capsule shell

with a scalpel, and wash the inside of the shell with 15 mL of

alcohol in the same flask. Repeat these steps for not less than

4 additional Capsules, and collect the rinse. Wash the funnel,

and collect the rinse in the same flask. Dilute with alcohol to

volume, and mix. Transfer an accurately measured volume of

this solution, equivalent to about 2 mg of methoxsalen, to

a 50-mL volumetric flask, dilute with alcohol to volume, mix,

and filter. Transfer 5.0 mL of this solution to a 50-mL

volumetric flask, dilute with Mobile phase to volume, mix,

and filter.~USP32
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4-mm 6 30-cm column that contains packing L1. The flow rate is
about 1.5 mL per minute. Chromatograph the Standard preparation,
and record the peak responses as directed for Procedure: the
resolution, R, between the analyte peak and internal standard peak is
not less than 4.0, and

~

~USP32
the relative standard deviation for replicate injections is not more
than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. The relative retention times are about 0.5 for
Methoxsalen and 1.0 for Trioxsalen. Calculate the quantity, in mg, of
methoxsalen (C12H8O4) per Capsule taken by the formula:

500(C/V)(RU/RS)

in which C is the concentration, in mg per mL, of USP Methoxsalen
RS in the Standard preparation; V is the volume, in mL, of Assay
preparation taken; and RU and RS are the peak response ratios
obtained from the Assay preparation and the Standard preparation,
respectively.

~Calculate the quantity, in percentage of the label claim, of

C12H8O4 in the portion of the Capsule taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Methoxsalen RS in the Standard preparation; CU is the

nominal concentration, in mg per mL, of methoxsalen in the

Assay preparation, based on the label claim; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.~USP32

BRIEFING

Mupirocin Calcium, page 3816 of the First Supplement. On the
basis of comments received, it is proposed to revise the monograph
as follows:
1. The test for Related compounds will refer to relative retention

times rather than to absolute retention times.
2. The calculation formulas for the test for Related compounds

and the Assay will be updated to the current USP format.
3. In Identification test B, the Ultraviolet Absorption test will be

replaced with HPLC identification by retention time.

(MD-ANT: A. Wise) RTS—C54442
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Change to read:

Identification—
A: Infrared Absorption h197Mi—[NOTE—Do not dry or grind

extensively.]
B: Ultraviolet Absorption h197Ui—
Solution: 20 mg per mL.
Medium: methanol.

~B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.~USP32
C: When moistened with hydrochloric acid, it meets the

requirements of the flame test for Calcium h191i.

Change to read:

Related compounds—
0.1M Ammonium acetate—Prepare as directed in the Assay.
Mobile phase—Prepare a filtered and degassed mixture of 0.1M

Ammonium acetate and tetrahydrofuran (70 : 30). Make adjustments
if necessary (see System Suitability under Chromatography h621i).
pH 4 Acetate buffer—Transfer about 13.6 g of sodium acetate to

a 1000-mL volumetric flask, and dissolve in about 900 mL of water.
Adjust with glacial acetic acid to a pH of 4.0, and dilute with water
to volume.
Diluent—Prepare a mixture of pH 4 Acetate buffer and methanol

(1 : 1).
Standard solution—Transfer about 25 mg of USP Mupirocin

Lithium RS, accurately weighed, to a 200-mL volumetric flask,
dissolve in and dilute with Diluent to volume, and mix.
Test solution—Transfer about 50 mg of Mupirocin Calcium,

accurately weighed, to a 10-mL volumetric flask, dissolve in and
dilute with Diluent to volume, and mix.
Resolution solution—Adjust 10 mL of the Standard solution with

6N hydrochloric acid to a pH of 2.0, allow to stand for 20 hours, and
adjust with 5N sodium hydroxide to a pH of 4.0.

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 240-nm detector and a
4.6-mm 6 25-cm column that contains 5-mm packing L7. The flow
rate is about 1 mL per minute. Chromatograph the Resolution
solution, and record the peak responses as directed for Procedure:
the resolution, R, between the second of two peaks corresponding to
hydrolysis products and the peak corresponding to mupirocin is not
less than 7.0.

~two degradation products are observed at retention times of

about 0.63 and 0.67 relative to mupirocin. The resolution, R,

between the second of two peaks corresponding to mupirocin

rearrangement products and the peak corresponding to

mupirocin is not less than 7.0.~USP32
Chromatograph the Standard solution, and record the peak responses
as directed for Procedure: the relative retention times are about 0.75
(6 minutes) for pseudomonic acid D and 1.0 (14 minutes) for
mupirocin;

~

~USP32
the column efficiency for the mupirocin peak is not less than 3000
theoretical plates; the tailing factor for the mupirocin peak is not
more than 2; and the relative standard deviation of the mupirocin
peak for replicate injections is not more than 5%.

Procedure—Separately inject equal volumes (about 20 mL) of the
Standard solution and the Test solution into the chromatograph, and
measure the peak area responses for all of the peaks. Calculate the
percentage of each related compound in the portion of Mupirocin
Calcium taken by the formula:

(E/200)(WS /WU)(ri / rS)

~(CS /CU)(ri / rS)(P/1000)(100)~USP32

in which E is the mupirocin equivalent, in mg per mg, of USP
Mupirocin Lithium RS; WS is the weight, in mg, of USP Mupirocin
Lithium RS taken to prepare the Standard solution; WU is the weight,
in mg, of Mupirocin Calcium taken to prepare the Test solution;

~CS is the concentration, in mg per mL, of USP Mupirocin

Lithium RS in the Standard solution; CU is the concentration,

in mg per mL, of Mupirocin Calcium in the Test

solution;~USP32
ri is the peak area for any impurity obtained from the Test solution; rS
is the peak area for mupirocin obtained from the Standard solution:
the area of any peak corresponding to pseudomonic acid D is not
greater than 2.5%; the area of any peak, excluding the mupirocin
peak and any peak corresponding to pseudomonic acid D, is not
greater than 1%; and the sum of the areas of all the peaks, excluding
the principal peak, is not greater than 4.5%

~Standard solution; and P/1000 is the potency of mupirocin,

converted to mg per mg, of USP Mupirocin Lithium RS.~USP32
Disregard any peak with an area less than 0.05 times the area of the
mupirocin peak in the chromatogram obtained from the Standard
solution.

~

Peak

Identification

Relative

Retention Time

Limit

(%, w/w)

Pseudomonic acid D1 0.75 NMT 2.5

Mupirocin 1.0 —

Any other unspecified

impurity

— NMT 1

Total impurities — NMT 4.5

1 (E)-9-{(E)-4-[(2S,3R,4R,5S)-3,4-Dihydroxy-5-({(2S,3S)-3-
[(2S,3S)-3-hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-
pyran-2-yl]-3-methylbut-2-enoyloxy}non-4-enoic acid.

~USP32

Change to read:

Assay—
0.1M Ammonium acetate—Transfer about 7.7 g of ammonium

acetate to a 1000-mL volumetric flask, dissolve in about 900 mL of
water, adjust with glacial acetic acid to a pH of 5.7, and dilute with
water to volume.
Mobile phase—Prepare a filtered and degassed mixture of 0.1M

Ammonium acetate and tetrahydrofuran (68 : 32). Make adjustments
if necessary (see System Suitability under Chromatography h621i).
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Standard preparation—Transfer about 25 mg of USP Mupirocin
Lithium RS, accurately weighed, to a 200-mL volumetric flask,
dissolve in 5 mL of methanol, dilute with 0.1M Ammonium acetate
to volume, and mix.
Assay preparation—Transfer about 25 mg of Mupirocin Calcium,

accurately weighed, to a 200-mL volumetric flask, dissolve in 5 mL
of methanol, dilute with 0.1M Ammonium acetate to volume, and
mix.
Resolution solution—Adjust 10 mL of the Standard preparation

with 6N hydrochloric acid to a pH of 2.0, and allow to stand for 20
hours.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 230-nm detector and
a 4.6-mm 6 25-cm column that contains 5-mm packing L7. The
flow rate is about 1 mL per minute. Chromatograph the Resolution
solution, and record the peak responses as directed for Procedure:
the resolution, R, of the second of the two peaks corresponding to
hydrolysis products and the peak corresponding to mupirocin is not
less than 7.0. Chromatograph the Standard preparation, and record
the peak responses as directed for Procedure: the relative standard
deviation for replicate injections is not more than 1.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, and measure the peak area responses for the major peaks.
Calculate the quantity, in mg, of mupirocin (C26H44O9) in each mg of
Mupirocin Calcium taken by the formula:

E(MS /MU)(rU / rS)

in which E is the designated mupirocin equivalent, in mg, of
mupirocin in each mg of USP Mupirocin Lithium RS; MS is the
weight, in mg, of USP Mupirocin Lithium RS taken to prepare the
Standard preparation; MU is the weight, in mg, of Mupirocin
Calcium taken to prepare the Assay preparation;

~

P(CS /CU)(rU / rS)

in which P is the potency, in mg, of mupirocin in each mg of

USP Mupirocin Lithium RS; CS is the concentration, in mg

per mL, of USP Mupirocin Lithium RS in the Standard

preparation; CU is the concentration, in mg per mL, of

Mupirocin Calcium in the Assay preparation;~USP32
and rU and rS are the mupirocin peak area responses obtained from
the Assay preparation and the Standard preparation, respectively.

BRIEFING

Nystatin Oral Suspension, USP 30 page 2787. In the test for
Uniformity of dosage units, it is proposed to delete the reference to
section (B)(3), because this information is inconsistent with the
currently official General Chapter h905i. In the absence of any
significant adverse comment, it is proposed to implement this
revision via the Interim Revision Announcement pertaining to USP
31–NF 26 in PF 34(3) [May–June 2008] with an official date of June
1, 2008.

(MD-ANT: A. Wise) RTS—C58870

Change to read:

Uniformity of dosage units h905i—
FOR SUSPENSION PACKAGED IN SINGLE-UNIT CONTAINERS: meets the

requirements., except that under section (B)(3) of the Criteria, the
words ‘‘average of the limits’’ are changed to ‘‘upper assay limit.’’

.
.3
Procedure for content uniformity—[NOTE—Use low-actinic glass-

ware. The correction factor, F, calculated as directed in section (4) of
Content Uniformity under Uniformity of Dosage Units h905i, is
invalid if the value obtained by the formula in the second sentence is
greater than 25; follow sections (5) and (6), except to substitute
0.750 for 0.900.] Transfer the well-shaken contents of 1 container of
Oral Suspension to a 100-mL volumetric flask, dissolve in and dilute
with methanol to volume, and mix. Dilute an accurately measured
volume of this solution quantitatively, and stepwise if necessary,
with methanol to obtain a test solution containing about 25 USP
Nystatin Units per mL. Similarly, prepare a Standard solution of USP
Nystatin RS in methanol having a known concentration of about 25
USP Nystatin Units per mL. Concomitantly determine the
absorbances of the test solution and the Standard solution at the
wavelength of maximum absorbance at about 304 nm with a suitable
spectrophotometer, using methanol as the blank. Calculate the
quantity, in USP Nystatin Units, in the container taken by the
formula:

(CL /D)(AU /AS)

in which C is the concentration, in USP Nystatin Units per mL, of
the Standard solution; L is the labeled quantity, in USP Nystatin
Units, in the container; D is the concentration, in USP Nystatin
Units, in the test solution, on the basis of the labeled quantity in the
container and the extent of dilution; and AU and AS are the
absorbances of the test solution and the Standard solution,
respectively.

BRIEFING

Permethrin Cream, page 1102 of PF 32(4) [July–Aug.]. On the
basis of comments received, it is proposed to specify in the
Definition the content of cis and trans isomers in the drug product. It
is also proposed to include in the Assay the calculations for the
percentages of cis and trans isomers.

(MD-OOD: F. Mao) RTS—C51532

Add the following:

~Permethrin Cream

» Permethrin Cream contains not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of permethrin (C21H20Cl2O3) in

In-P
rocess

R
evision

# 2007 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(1) [Jan.–Feb. 2007] IN-PROCESS REVISION 103



a suitable cream base. The content of cis isomer is

between 23.0 and 27.0 percent, and the content of

trans isomer is between 73.0 and 77.0 percent.

Packaging and storage—Preserve in well-closed containers.

Protect from freezing.

USP Reference standards h11i—USP Permethrin RS. USP

Permethrin Related Compound A RS. USP Permethrin

Related Compound B RS.

Identification—The retention times of the two major peaks

in the chromatogram of the Assay preparation correspond to

those in the chromatogram of the Standard preparation, as

obtained in the Assay.

Microbial limits h61i—It meets the requirements of the tests

for absence of Staphylococcus aureus and Pseudomonas

aeruginosa. The total aerobic microbial count does not

exceed 100 cfu per g or 100 cfu per mL, and the total

combined molds and yeasts count does not exceed 10 cfu per

g or 10 cfu per mL.

Minimum fill h755i: meets the requirements.

pH h791i: between 4.5 and 6.5.

Test solution—Prepare a 10% w/w mixture of the substance

under test in a solution containing 2 mg of potassium chloride

per 1 mL of water.

Related compounds—[NOTE—Prior to and during sampling,

the Cream and USP Permethrin RS should be gradually

warmed to between 658 and 708 and uniformly mixed by

means of a hot plate with mechanical stirring, to preserve the

cis/trans isomer ratio.]

Mobile phase—Prepare as directed in the Assay.

Standard solution—Dissolve accurately weighed quantities

of USP Permethrin RS, USP Permethrin Related Compound

A RS (3-phenoxybenzyl alcohol), and USP Permethrin

Related Compound B RS (3-phenoxybenzaldehyde) in

Mobile phase, and dilute quantitatively, and stepwise if

necessary, with Mobile phase to obtain a solution having

known concentrations of 250 mg per mL, 1.25 mg per mL, and

1.25 mg per mL, respectively.

Test solution—Prepare as directed for the Assay prepara-

tion in the Assay.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 272-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is 1.5 mL per minute. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the relative retention time is 1.2 for the cis

isomer with respect to the trans isomer; the resolution, R,

between the cis and trans isomers of permethrin is not less

than 2.8; and the relative standard deviation for replicate

injections is not more than 2.0% for the sum of the cis and

trans isomers of permethrin, and not more than 10.0% for

permethrin related compound A and permethrin related

compound B.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentages of permethrin

related compound A and permethrin related compound B in

the portion of Cream taken by the formula:

50(C/W)(rU / rS)

in which C is the concentration, in mg per mL, of USP

Permethrin Related Compound A RS or USP Permethrin

Related Compound B RS in the Standard solution; W is the

weight, in mg, of Cream taken; and rU and rS are the peak

responses obtained from the Test solution and the Standard

solution, respectively, for each related compound: not more

than 0.5% of either permethrin related compound A or

permethrin related compound B is found. Calculate the

percentage of any other unknown impurity in the portion of

Cream taken by the formula:
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100(ri / rs)

in which ri is the peak response for each individual impurity

other than permethrin related compound A and permethrin

related compound B; and rs is the sum of the peak responses

for all of the peaks: not more than 0.5% of any individual

impurity is found, and not more than 2.0% of total impurities,

including permethrin related compound A and permethrin

related compound B, is found.

Assay—[NOTE—Prior to and during sampling, the Cream and

USP Permethrin RS should be gradually warmed to between

658 and 708, and uniformly mixed by means of a hot plate

with mechanical stirring, to preserve the cis/trans isomer

ratio.]

Mob i l e p h a s e , S t a n d a rd p re p a r a t i o n , a n d

Chromatographic system—Prepare as directed in the Assay

under Permethrin.

Assay preparation—Transfer an accurately weighed quan-

tity of Cream, equivalent to about 50 mg of permethrin, to

a 200-mL volumetric flask, dissolve in Mobile phase, using

sonication if necessary, and dilute with Mobile phase to

volume. Mix well, and pass a portion through a filter having

a porosity of 0.45 mm.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 272-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is 1.5 mL per minute. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the relative retention time is 1.2 for

the cis isomer with respect to the trans isomer; the resolution,

R, between the cis and trans isomers of permethrin is not less

than 2.8; and the relative standard deviation for replicate

injections is not more than 2.0% for the cis and trans isomers

of permethrin.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

mg, of C21H20Cl2O3 in the portion of Cream taken by the

formula:

200C(rU / rS)

in which C is the concentration, in mg per mL, of USP

Permethrin RS in the Standard preparation; and rU and rS are

the sums of the peak responses for the cis and trans isomers

obtained from the Assay preparation and the Standard

preparation, respectively. Calculate the quantity, in percent-

age, of the cis isomer of C21H20Cl2O3 by the formula:

100rC / (rC + rT)

in which rC and rT are the peak areas of cis and trans isomers

in the Assay preparation, respectively. Calculate the quantity,

in percentage, of the trans isomer of C21H20Cl2O3 by the

formula:

100 – (% of cis)

in which (% of cis) is the percentage of cis isomer calculated

above.~USP32

BRIEFING

Piperazine, USP 30 page 2959; Piperazine Citrate, USP 30 page
2959. On the basis of comments received, it is proposed to improve
the tests and standards in these monographs by specifying the use of
infrared spectrophotometry as Identification test A, replacing the
melting point determination on the derivative, N,N-dinitrosopiper-
azine, which is a carcinogen; by replacing the colorimetric test,
Primary amines and ammonia, with a thin-layer chromatrographic
procedure for Chromatographic purity; and by specifying this same
thin-layer chromatographic procedure as an identification test.

(VET: I. DeVeau) RTS—C55181

Add the following:

~USP Reference standards h11i—USP Piperazine RS.~USP32
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Change to read:

Identification—It responds to Identification test A under Piperazine
Citrate.

~A: Infrared Absorption h197Ki.

B: In the test for Chromatographic purity, the principal

spot in the chromatogram of Test solution 2, observed after

spraying with the ninhydrin solutions, corresponds in RF

value, color, and size to that in the chromatogram of Standard

solution 1.~USP32

Delete the following:

~

Primary amines and ammonia—Disolve 200 mg in 10 mL of
water, add 1 mL of acetone and 0.5 mL of freshly prepared sodium
nitroferricyanide solution (1 in 10), mix, and allow to stand for 10
minutes, accurately timed. Determine the absorbance of this solution
at 520 nm and at 600 nm, using a reagent blank as the reference
solution. The ratio A600/A520 is not more than 0.5 (equivalent to about
0.7% of primary amines and ammonia).~USP32

Add the following:

~Chromatographic purity—

Solvent—Prepare a mixture of 13.5N ammonium hydrox-

ide and dehydrated alcohol (3 : 2).

Standard solution 1—Prepare a solution of USP Piperazine

RS in Solvent containing 10 mg per mL.

Standard solution 2—Prepare a solution of ethylenediamine

in Solvent containing 0.25 mg per mL.

Standard solution 3—Prepare a solution of triethylenedia-

mine in Solvent containing 0.25 mg per mL.

Resolution solution—Prepare a solution in Solvent contain-

ing 0.25 mg of triethylenediamine and 10 mg of USP

Piperazine RS per mL.

Test solution 1—Prepare a solution of Piperazine in Solvent

containing 100 mg per mL.

Test solution 2—Mix 1 mL of Test solution 1 and 9 mL of

Solvent.

Procedure—Apply separate 5-mL portions of Standard

solution 1, Standard solution 2, Standard solution 3,

Resolution solution, Test solution 1, and Test solution 2 to

a suitable thin-layer chromatographic plate (see Chromatog-

raphy h621i), coated with a 0.25-mm layer of chromato-

graphic silica gel. Allow the spots to dry, and develop the

chromatograms in a solvent system consisting of a freshly

prepared mixture of acetone and 13.5N ammonium hydrox-

ide (80 : 20) until the solvent front has moved about three-

fourths of the length of the plate. Remove the plate from the

developing chamber, mark the solvent front, and dry the plate

at 1058. Spray the plate with a 0.3% (w/v) solution of

ninhydrin in a mixture of butyl alcohol and glacial acetic acid

(100 : 3). Spray the plate again with a 0.15% (w/v) solution of

ninhydrin in dehydrated alcohol, dry the plate at 1058 for 10

minutes, and examine the plate: any secondary spot in the

chromatogram obtained from Test solution 1 is not more

intense than the principal spot in the chromatogram obtained

from Standard solution 2 (0.25%). Spray the plate with 0.1 N

iodine TS, allow to stand for 10 minutes, and examine the

plate: any spot corresponding to triethylenediamine in the

chromatogram obtained from Test solution 1 is not more

intense than the principal spot in the chromatogram obtained

from Standard solution 3 (0.25%). In a valid test, the

chromatogram obtained from the Resolution solution shows

a spot due to triethylenediamine clearly separated from the

principal spot. Disregard any spot at the origin of any

chromatogram.~USP32

BRIEFING

Piperazine Citrate, USP 30 page 2959. See briefing under
Piperazine. It is also proposed to use acetic acid, glacial instead of
glacial acetic acid TS in the Assay. This proposal is supported by
information that has been received indicating that the water content
limit of acetic acid, glacial is sufficiently low enough to perform the
Assay. The use of acetic acid, glacial would eliminate the need to
prepare glacial acetic acid TS which can be difficult and time-
consuming.

(VET: I. DeVeau) RTS—C55183

Add the following:

~USP Reference standards h11i—USP Piperazine Citrate

RS.~USP32

Change to read:

Identification—
A: Dissolve about 200 mg in 5 mL of 3N hydrochloric acid, and

add, with stirring, 1 mL of sodium nitrite solution (1 in 2). Chill in an
ice bath for 15 minutes, stirring if necessary, to induce crystalliza-
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tion, filter the precipitate on a sintered-glass funnel, wash with 10
mL of cold water, and dry at 1058: the N,N’-dinitrosopiperazine so
obtained melts between 1568 and 1608.

~A: Infrared Absorption h197Ki.

B: In the test for Chromatographic purity, the principal

spot in the chromatogram of Test solution 2, observed after

spraying with the ninhydrin solutions, corresponds in RF

value, color, and size to that in the chromatogram of Standard

solution 1.~USP32

B:

~C:~USP32
It responds to the tests for Citrate h191i.

Delete the following:

~

Primary amines and ammonia—Dissolve 500 mg in 10 mL of
water. Add 1 mL of 2.5 N sodium hydroxide, 1 mL of acetone, and
1 mL of sodium nitroferricyanide TS. Mix, and allow to stand for 10
minutes, accurately timed. Determine the absorbance of this solution
at 520 nm and at 600 nm, using a blank consisting of the same
quantities of the same reagents, but substituting water for the sodium
hydroxide solution. The ratio A600/A520 is not more than 0.50
(equivalent to about 0.7% of primary amines and ammonia).~USP32

Add the following:

~Chromatographic purity—

Solvent—Prepare a mixture of 13.5 N ammonium hydrox-

ide and dehydrated alcohol (3 : 2).

Standard solution 1—Prepare a solution of USP Piperazine

Citrate RS in Solvent containing 10 mg per mL.

Standard solution 2—Prepare a solution of ethylenediamine

in Solvent containing 0.25 mg per mL.

Standard solution 3—Prepare a solution of triethylenedia-

mine in Solvent containing 0.25 mg per mL.

Test solution 1—Prepare a solution of Piperazine Citrate in

Solvent containing 100 mg per mL.

Test solution 2—Mix 1 mL of Test solution 1 and 9 mL of

Solvent.

Resolution solution—Prepare a solution in Solvent contain-

ing 0.25 mg of triethylamine and 10 mg of Piperazine Citrate

per mL.

Procedure—Apply separate 5-mL portions of Standard

solution 1, Standard solution 2, Standard solution 3,

Resolution solution, Test solution 1, and Test solution 2 to

a suitable thin-layer chromatographic plate (see Chromatog-

raphy h621i), coated with a 0.25-mm layer of chromato-

graphic silica gel. Allow the spots to dry, and develop the

chromatograms in a solvent system consisting of a freshly

prepared mixture of acetone and 13.5 N ammonium hydrox-

ide (80 : 20) until the solvent front has moved about three-

fourths of the length of the plate. Remove the plate from the

developing chamber, mark the solvent front, and dry the plate

at 1058. Spray the plate with a 0.3% (w/v) solution of

ninhydrin in a mixture of butyl alcohol and glacial acetic acid

(100 : 3). Spray the plate again with a 0.15% (w/v) solution of

ninhydrin in dehydrated alcohol, dry the plate at 1058 for 10

minutes, and examine the plate: any secondary spot in the

chromatogram obtained from Test solution 1 is not more

intense than the principal spot in the chromatogram obtained

from Standard solution 2 (0.25%). Spray the plate with 0.1N

iodine TS, allow to stand for 10 minutes, and examine the

plate: any spot corresponding to triethylenediamine in the

chromatogram obtained from Test solution 1 is not more

intense than the principal spot in the chromatogram obtained

from Standard solution 3 (0.25%). In a valid test, the

chromatogram obtained from the Resolution solution shows

a spot due to triethylenediamine clearly separated from the

principal spot. Disregard any spot at the origin of any

chromatogram.~USP32

Change to read:

Assay—Dissolve about 200 mg of Piperazine Citrate, accurately
weighed, in 100 mL of glacial acetic acid, TS

~

~USP32
warming slightly if necessary to effect solution. Add crystal violet
TS, and titrate with 0.1N perchloric acid VS. Perform a blank
determination, and make any necessary correction. Each mL of 0.1N
perchloric acid is equivalent to 10.71 mg of (C4H10N2)3.2C6H8O7.
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BRIEFING

Prednisolone Sodium Phosphate, USP 30 page 3008 and page
3830 of the First Supplement. On the basis of comments received
regarding the current Assay method being nonspecific and nonrobust
with respect to the assay time and the amount of enzyme used,
possibly leading to biased results, it is proposed to replace the
current spectrophotometric test with a liquid chromatographic test
and to add a test for Related compounds which quantitates the
impurities and the free prednisolone simultaneously. It is also
proposed to delete the test for Free prednisolone, because the new
test for Related compounds is used to quantitate the free
prednisolone present in the drug substance. The liquid chromato-
graphic procedure in the test for Related compounds and in the Assay
employs a Symmetry brand of column that contains 3.5-mm packing
L1. The typical retention time of prednisolone sodium phosphate
under the specified conditions is about 12 minutes.

(MD-PS: S. Ramakrishna) RTS—C47456

Change to read:

» Prednisolone Sodium Phosphate contains not less than
96.0 percent and not more than 102.0 percent of
C21H27Na2O8P, calculated on the dried

~anhydrous~USP32

basis.

Delete the following:

~

Free prednisolone—Dissolve 50.0 mg of Prednisolone Sodium
Phosphate, accurately weighed, in water to make 25.0 ml. Pipet 5 ml
of the solution into a glass-stoppered, 50-ml tube, add 25.0 ml of
methylene chloride, insert the stopper, mix by gentle shaking, and
allow to stand until the methylene chloride layer is clear (about 20
minutes). Determine the absorbance of the methylene chloride
solution in a 1-cm cell at 241 nm, with a suitable spectrophotometer,
using methylene chloride as the blank. Calculate the quantity, in mg,
of free prednisolone in the portion of Prednisolone Sodium
Phosphate weighed by comparison with the absorbance of the
untreated methylene chloride solution of USP Prednisolone RS
obtained as directed in the Assay: not more than 0.5 mg is found
(1.0%).~USP32

Add the following:

~Related compounds—

Buffer solution, Mobile phase, and System suitability

solution—Proceed as directed in the Assay.

Standard solution—Accurately weigh a known quantity of

USP Predinisolone Sodium Phosphate RS into an appropriate

volumetric flask. Dilute quantitatively, and stepwise if

necessary, with Mobile phase to obtain a solution having

a known concentration of about 0.1 mg per mL.

Test solution—Accurately weigh a known quantity of USP

Prednisolone Sodium Phosphate RS into an appropriate

volumetric flask. Dilute quantitatively, and stepwise if

necessary, with Mobile phase to obtain a solution having

a known concentration of about 1 mg per mL.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay . The run time is about four

times the retention time of prednisolone sodium phosphate.

Procedure—Inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromato-

graph, record the chromatograms, and measure the peak

responses. Calculate the percentage of the individual

impurities listed in Table 1 in the portion of Prednisolone

Sodium Phosphate taken by the formula:

(100/F)(CS /CT)(rT / rS)

in which CS is the concentration, in mg per mL, of USP

Prednisolone Sodium Phosphate RS in the Standard solution;

CT is the concentration, in mg per mL, of Prednisolone

Sodium Phosphate in the Test solution; rT is the peak response

of each individual impurity in the Test solution; and rS is the

peak response of the prednisolone sodium phosphate in the

Standard solution. The percentage limit of each individual

impurity is given in Table 1.

Change to read:

Assay—
pH 9 buffer with magnesium—Mix 3.1 g of boric acid and 500 ml

of water in a 1-liter volumetric flask, add 21 ml of 1N sodium
hydroxide and 10 ml of 0.1M magnesium chloride, dilute with water
to volume, and mix.
Alkaline phosphatase solution—Transfer 250 mg of alkaline

phosphate enzyme to a 25-ml volumetric flask, dissolve by adding
pH 9 buffer with magnesium to volume, and mix. Prepare this
solution fresh daily.
Standard preparation—Dissolve a suitable, accurately weighed

quantity of USP Prednisolone RS in methylene chloride, and dilute
quantitatively and stepwise with methylene chloride to obtain
a solution having a known concentration of about 16 mg per ml.
Pipet 100 ml of the solution into a glass-stoppered, 100-ml cylinder,
and add 1.0 ml of Alkaline phosphatase solution and 1.0 ml of water.
Allow to stand, with occasional gentle inversion, for 2 hours.
Assay preparation—Dissolve about 100 mg of Prednisolone

Sodium Phosphate, accurately weighed, in water that has been
saturated with methylene chloride, to make 50.0 ml, and mix. Pipet
10 ml of this solution into a 125-ml separator, and shake with two
25-ml portions of water-washed methylene chloride, discarding the
methylene chloride layers.
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Procedure—Pipet 1 ml of the Assay preparation into a glass-
stoppered, 100-ml cylinder, add 1.0 ml of Alkaline phosphatase
solution and about 50 ml of methylene chloride, insert the stopper,
and allow to stand, with occasional gentle inversion (about once
every 15 minutes), for 2 hours. Add methylene chloride to volume,
mix, and allow to stand until the methylene chloride layer is clear
(about 20 minutes). Concomitantly and without delay, determine the
absorbances of the methylene chloride solution obtained from the
Assay preparation and the Standard preparation at 241 nm, with
a suitable spectrophotometer, using methylene chloride as the blank.
Calculate the quantity, in mg, of C21H27Na2O8P in the portion of
Prednisolone Sodium Phosphate taken by the formula:

1.344[5C(AU /AS)]

in which 1.344 is the ratio of the molecular weight of prednisolone
sodium phosphate to that of prednisolone, C is the concentration, in
mg per ml, of USP Prednisolone RS in the Standard preparation, and
AU and AS are the absorbances of the solution from the Assay
preparation and the Standard preparation, respectively.

~Buffer solution—Transfer 6.6 g of hexylamine and 5.32 g

of monobasic ammonium phosphate into an appropriate flask.

After 10 minutes, add 1850 g of water and dissolve the

contents while stirring. Adjust with phosphoric acid to a pH

of 6.4+ 0.05.

Mobile phase—Mix the Buffer solution and acetonitrile to

a ratio of about 4.75 : 1 under stirring and sonication.

[Caution: Do not sonicate for more than 2 minutes.]

System suitability solution—Dissolve equal, accurately

weighed, quantities of USP Prednisolone RS and USP

Prednisolone Sodium Phosphate RS in Mobile phase to

obtain a solution having a known concentration of about 0.01

mg per mL of each of the Reference Standards.

Standard preparation—Dissolve an accurately weighed

quantity of USP Prednisolone RS in Mobile phase to obtain

a solution having a known concentration of about 0.3 mg per

mL.

Assay preparation—Dissolve an accurately weighed quan-

tity of the Prednisolone Sodium Phosphate inMobile phase to

obtain a solution having a known concentration of about 0.42

mg per mL.

Table 1

Component

Relative

Retention Time

Relative

Response Factor

Limit

(%)

Impurity A1
0.18

1
NMT 0.2

Impurity B2
0.29

1
NMT 1.0

D-homo A derivative3
0.40

1
NMT 1.0

Prednisolone (free)4
0.54

0.75
NMT 1.0

D-homo B derivative5
0.72

1
NMT1.0

Impurity C6
0.85

1
NMT 0.3

Impurity D7
0.94

1
NMT 0.2

Impurity E8
2.72

1
NMT 0.5

Impurity F9
3.50

1
NMT 0.2

Any other individual

unspecified impurity

— 1
NMT 0.1

Total of all impurities — —
NMT 3.0

1 11b,17,20-Trihydroxy-21-nor-13(17)a-homopregnane-1,4-diene-3,13a-dione 20-phosphate.
2 11b,17a-Dihydroxyandrosta-1,4-diene-3-one 17b-carboxylic acid.
3 11b,17b,20-Trihydroxy-21-nor-14(15)a-homopregnane-1,4-diene-3,16-dione 20-phosphate.
4 11b,17,21-Trihydroxypregna-1,4-diene-3,20-dione.
5 11b,17a,20-Trihydroxy-21-nor-14(15)a-homopregnane-1,4-diene-3,16-dione 20-phosphate.
6 21-Oxo-11b,17,21-trihydroxypregna-1,4-diene-3,20-dione.
7 11b-Hydroxyandrosta-1,4-diene-3,17-dione.
8 16b-Phosphoryloxyacetyl-11b,16a-dihydroxyandrosta-1,4-diene-3-one 11-phosphate.
9 21-Oxo-20-phosphoryloxy-11b-hydroxypregna-1,4,17-triene-3-one.
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Chromatographic system (see Chromatography

h621i)—The liquid chromatograph is equipped with a

254-nm detector and a 4.6-mm 6 7.5-cm column that

contains 3.5-mm packing L1. The column temperature is

maintained at 358, and the injector temperature is maintained

at 68. The flow rate is about 1.5 mL per minute, and the run

time is about 22 minutes. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the relative retention times are about 0.52 for

prednisolone and 1 for prednisolone sodium phosphate; the

resolution, R, between prednisolone and prednisolone sodium

phosphate is not less than 12; and the relative standard

deviation for five replicate injections of the Standard

preparation is not more than 1.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

C21H27Na2O8P in the portion of the Prednisolone Sodium

Phosphate taken using the formula:

100(CS /CU)(484.39/360.45)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

prednisolone in the Standard preparation and Prednisolone

Sodium Phosphate in the Assay preparation, respectively;

484.39 and 360.45 are the molecular weights for prednisolone

sodium phosphate and free prednisolone, respectively; and rU

and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respectively.~USP32

BRIEFING

Propoxycaine and Procaine Hydrochlor ides and
Norepinephrine Bitartrate Injection, USP 30 page 3048. On the
basis of comments received, it is proposed to change the calculations
provided in the Assay for norepinephrine and also to make necessary
changes to the text to reflect the fact that the USP Norepinephrine
Bitartrate RS is provided and labeled as the norepinephrine bitartrate
monohydrate.

(MD-PS: S. Ramakrishna) RTS—C52092

Change to read:

Assay for norepinephrine—
Ferro-citrate solution, Buffer solution, and Standard prepara-

tion—Prepare as directed under Epinephrine Assay h391i, except to
read ‘‘USP Norepinephrine Bitartrate RS’’ for ‘‘USP Epinephrine
Bitartrate RS’’ throughout.
Assay preparation—Prepare as directed for Assay Preparation

under Epinephrine Assay h391i except to read ‘‘norepinephrine’’
where ‘‘epinephrine’’ is specified.
Procedure—Proceed as directed for Procedure under Epinephrine

Assay h391i. Calculate the quantity, in mg, of norepinephrine
(C8H11NO3) in each mL of the Injection taken by the formula:

(169.18 / 319.27)(0.05C/V)(AU /AS),

~(169.18 / 337.28)(0.05C /V)(AU /AS)~USP32

in which 169.18 and 319.27

~337.28~USP32
are the molecular weights of norepinephrine and norepinephrine
bitartrate

~monohydrate,~USP32
respectively; C is the concentration, in mg per mL, calculated on the
anhydrous basis,

~

~USP32
of USP Norepinephrine Bitartrate RS in the Standard preparation;
and V is the volume, in mL, of Injection taken.

BRIEFING

Pseudoephedrine Hydrochloride, USP 30 page 3069. On the
basis of comments received, it is proposed to replace the TLC test
with the test for Ordinary impurities that appears in the Ephedrine
Hydrochloride monograph, and which satisfactorily separates
ephedrine and pseudoephedrine hydrochloride.

(MD-CCA: C. Anthony) RTS—C56930
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Change to read:

Ordinary impurities h466i—
Test solution: alcohol.
Standard solution: alcohol.
Eluant: a mixture of alcohol, glacial acetic acid, and water

(10 : 3 : 1).

~A mixture of isopropyl alcohol, ammonium hydroxide, and

chloroform (80 : 15 : 5).~USP32
Visualization—Dry the plate overnight in a hood or for 2 hours

with a current from a hot air dryer. In a pre-equilibrated closed
chamber, on the bottom of which there are iodine crystals, expose the
plate to iodine vapors for not less than 30 minutes.

~1, followed by 4.~USP32

BRIEFING

Vancomycin Hydrochloride, page 4131 of the Second Supple-
ment to USP 30; Vancomycin Hydrochloride for Injection, USP
30 page 3450; and Sterile Vancomycin Hydrochloride, USP 30
page 3451. This proposal is intended to eliminate the inconsistencies
in potency and purity requirements in these three monographs. The
proposal is based on a recent review of the purity of vancomycin
hydrochloride used in currently approved formulations of vancomy-
cin injection products, performed by the FDA Office of Generic
Drugs. The review indicated that purity levels had risen to an
average of greater than 93.0% vancomycin B, consistent with current
European Pharmacopoeia requirements.
It is proposed to make the following changes:

1. Add sections for Labeling and Other requirements similar to
those in other related drug substance monographs.

2. Revise the Reference standards section.
3. Modify the test for Chromatographic purity, Procedure, to

require that not less than 93.0% of vancomycin B is found and
that not more than 4.0% of any peak other than the main peak is
found.

(MD-ANT: E. Gonikberg; A. Wise) RTS—C57189

Add the following:

~Labeling—Where it is intended for use in preparing

injectable dosage forms, the label states that it is sterile or

must be subjected to further processing during the preparation

of injectable dosage forms.~USP32

Change to read:

USP Reference standards h11i—
~USP Endotoxin RS.~USP32
USP Vancomycin Hydrochloride RS. &USP Vancomycin B with
Monodechlorovancomycin RS.&2S (USP30)

Change to read:

Chromatographic purity—
Triethylamine buffer—Mix 4 mL of triethylamine and 2000 mL of

water, and adjust with phosphoric acid to a pH of 3.2.

Solution A—Prepare a mixture of Triethylamine buffer, acetoni-
trile, and tetrahydrofuran (92 : 7 : 1), and degas briefly.
Solution B—Prepare a suitable mixture of Triethylamine buffer,

acetonitrile, and tetrahydrofuran (70 : 29 : 1), and degas briefly.
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i),
changing the acetonitrile proportion in Solution A to obtain
a retention time of 7.5 to 10.5 minutes for the main vancomycin
peak.
Resolution solution—Prepare a solution of USP Vancomycin

Hydrochloride RS in water containing 0.5 mg per mL, heat at 658 for
48 hours, and allow to cool.
Test preparation A—Prepare a solution of Vancomycin Hydro-

chloride in Solution A containing 10 mg per mL.
Test preparation B—Transfer 2.0 mL of Test preparation A to

a 50-mL volumetric flask, dilute with Solution A to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 280-nm detector and
a 4.6-mm 6 25-cm column that contains 5-mm packing L1. The
flow rate is about 2 mL per minute. The chromatograph is
programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–12 100 0 isocratic
12–20 100?0 0?100 linear gradient
20–22 0 100 isocratic
22–23 0?100 100?0 linear gradient
23–30 100 0 isocratic

Chromatograph the Resolution solution, and record the peak
responses as directed for Procedure: the elution order is resolution
compound 1, vancomycin B, and resolution compound 2. The
resolution, R, between resolution compound 1 and vancomycin B is
not less than 3.0; and the column efficiency, calculated from the
vancomycin B peak, is not less than 1500 theoretical plates.
Resolution compound 2 is eluted at between 3 and 6 minutes after
the start of the period when the percentage of Solution B is
increasing from 0% to 100%.
Procedure—[NOTE—Where baseline separation is not achieved,

peak areas are defined by vertical lines extended from the valleys
between peaks to the baseline. The main component peak may
include a fronting shoulder, which is attributed to monodechlor-
ovancomycin. This shoulder should not be integrated separately.]
Separately inject equal volumes (about 20 mL) of Test preparation A
and Test preparation B into the chromatograph, record the
chromatograms, and measure the area responses for all of the
peaks. [NOTE—Correct any peak observed in the chromatograms
obtained from Test preparation A and Test preparation B by
subtracting the area response of any peak observed in the
chromatogram of Solution A at the corresponding elution time.]
Calculate the percentage of vancomycin B in the specimen tested by
the formula:

2500rB /(25rB + rA)

in which rB is the corrected area response of the main peak obtained
in the chromatogram of Test preparation B; and rA is the sum of the
corrected area responses of all the peaks, other than the main peak, in
the chromatogram obtained from Test preparation A: not less than
80.0%

~93.0%~USP32
of vancomycin B is found. Calculate the percentage of each other
peak taken by the formula:

100rAi / (25rB + rA)

in which rAi is the corrected area response of any individual peak,
other than the main peak, obtained in the chromatogram of Test
preparation A: not more than 9.0%

~4.0%~USP32
of any peak other than the main peak is found.
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Add the following:

~Other requirements—Where the label states that Vanco-

mycin Hydrochloride is sterile, it meets the requirements for

Sterility h71i and for Bacterial endotoxins in Vancomycin

Hydrochloride for Injection. Where the label states that

Vancomycin Hydrochloride must be subjected to further

processing during the preparation of injectable dosage forms,

it meets the requirements for Bacterial endotoxins in

Vancomycin Hydrochloride for Injection.~USP32

BRIEFING

Sterile Vancomycin Hydrochloride, USP 30 page 3451. See
briefing under Vancomycin Hydrochloride for Injection. Concurrent
with the modifications to the Vancomycin Hydrochloride for
Injection monograph, it is proposed to delete the Sterile Vancomycin
Hydrochloride monograph, since it will now be identical to the
Vancomycin Hydrochloride for Injection monograph.

(MD-ANT: E. Gonikberg; A. Wise) RTS—C57189

Delete the following:

~Sterile Vancomycin Hydrochloride

» Sterile Vancomycin Hydrochloride has a potency
equivalent to not less than 900 mg of vancomycin per
mg, calculated on the anhydrous basis. In addition,
where packaged for dispensing, it contains the equiv-
alent of not less than 90.0 percent and not more than
115.0 percent of the labeled amount of vancomycin.

Packaging and storage—Preserve in Containers for Sterile Solids
as described under Injections h1i.
USP Reference standards h11i—USP Endotoxin RS. USP
Vancomycin Hydrochloride RS.

Constituted solution—At the time of use, it meets the requirements
for Constituted Solutions under Injections h1i.
Bacterial endotoxins h85i—It contains not more than 0.33 USP
Endotoxin Unit per mg of vancomycin hydrochloride.

Sterility h71i—It meets the requirements when tested as directed for
Membrane Filtration under Test for Sterility of the Product to be
Examined, except to dissolve the specimen in water, instead of in
Fluid A.

Particulate matter h788i: meets the requirements under small-
volume injections.

Heavy metals, Method II h231i: not more than 0.003%.

Other requirements—It responds to the Identification test and
meets the requirements of the tests for pH,Water, and Chromato-
graphic purity under Vancomycin Hydrochloride. It meets also the
requirements for Uniformity of Dosage Units h905i and for Labeling
under Injections h1i.
Assay—
Assay preparation 1—Dissolve a suitable quantity of Sterile

Vancomycin Hydrochloride, accurately weighed, in water, and dilute
quantitatively with water to obtain a solution containing about 1 mg
of vancomycin per mL.
Assay preparation 2 (where it is packaged for dispensing)—

Dissolve the contents of 1 container of Sterile Vancomycin
Hydrochloride in water, and dilute quantitatively with water to
obtain a solution having a concentration of about 1 mg of
vancomycin per mL.
Assay preparation 3 (where the label states the quantity of

vancomycin in a given volume of constituted solution)—Constitute
1 container of Sterile Vancomycin Hydrochloride in a volume of
water, accurately measured, corresponding to the volume of solvent
specified in the labeling. Dilute an accurately measured volume of
the constituted solution quantitatively with water to obtain a solution
having a concentration of about 1 mg of vancomycin per mL.
Procedure—Proceed as directed under Antibiotics—Microbial

Assays h81i, using an accurately measured volume of the appropriate
Assay preparation diluted quantitatively with Buffer No. 4 to yield
a Test Dilution having a concentration assumed to be equal to the
median dose level of the Standard.~USP32

BRIEFING

Vancomycin Hydrochloride for Injection, USP 30 page 3450.
See briefing under Vancomycin Hydrochloride. It is proposed to
make the following changes:
1. Modify the Definition statement to allow, but not require, the

presence of suitable stabilizing agents. With this modification,
the Vancomycin Hydrochloride for Injection monograph will
apply to all vancomycin hydrochloride for injection products,
including those with stabilizers added.

2. Delete the potency requirement from the Definition. The
potency requirement will now revert back to the monograph
for Vancomycin Hydrochloride, thus eliminating the current
inconsistency in the potency requirements between these two
monographs.

3. Revise the Chromatographic purity test to require that ‘‘Not
less than 86.0% of vancomycin B is found,’’ rather than the
‘‘Not less than 88.0% of vancomycin B is found’’ that is
currently required. This proposal reflects several significant
changes that have taken place in the US marketplace over the
last several years, and is based on a recent review of the purity
of vancomycin hydrochloride used in currently approved
formulations of vancomycin injection products, performed by
the FDA Office of Generic Drugs.

4. In the Assay section, the following changes are proposed:
� Delete the Assay preparation 1 subsection. The Assay

preparation 1 is used solely to determine potency of the
active ingredient, and this potency requirement is being
deleted from the monograph. Rename the current Assay
preparation 2 subsection to Assay preparation 1.

� Replace the Assay preparation 2 subsection with that
which appears in the Sterile Vancomycin Hydrochloride
monograph, substituting Vancomycin Hydrochloride for
Injection for Sterile Vancomycin Hydrochloride where
necessary.

(MD-ANT: E. Gonikberg; A. Wise) RTS— C57189
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Change to read:

» Vancomycin Hydrochloride for Injection is a sterile
dry mixture of Vancomycin Hydrochloride and

~may contain~USP32

a suitable stabilizing agent. It has a potency equivalent
to not less than 925 mg of vancomycin per mg,
calculated on the anhydrous basis. In addition, it

~

~USP32

contains not less than 90.0 percent and not more than
115.0 percent of the labeled amount of vancomycin.

Change to read:

Chromatographic purity—
Triethylamine buffer, Solution A, Solution B, Mobile phase,

Resolution solution, and Chromatographic system—Prepare as
directed in the test for Chromatographic purity under Vancomycin
Hydrochloride.
Test preparation A—Prepare a solution of Vancomycin Hydro-

chloride for Injection in Solution A containing 10 mg of vancomycin
per mL.
Test preparation B—Transfer 2.0 mL of Test preparation A to

a 50-mL flask, dilute with Solution A to volume, and mix.
Procedure—Proceed as directed for Procedure under Vancomycin

Hydrochloride. Not less than 88.0%

~86.0%~USP32
of vancomycin B is found, and not more than 4.0% of any peak other
than the main peak is found.

Change to read:

Assay—
Assay preparation 1 (for determining the mg of vancomycin

equivalent per mg)—Dissolve a suitable quantity of Vancomycin
Hydrochloride for Injection, accurately weighed, in water, and dilute

quantitatively with water to obtain a solution containing about 1 mg
of vancomycin per mL.

~

~USP32

Assay preparation 2

~1~USP32
(where it is represented as being in a single-dose container)—
Constitute a container of Vancomycin Hydrochloride for Injection in
a volume of water, accurately measured, corresponding to the
volume of diluent specified in the labeling. Withdraw all of the
withdrawable contents, using a suitable hypodermic needle and
syringe, and dilute quantitatively with water to obtain a solution
containing about 1 mg of vancomycin per mL.

~Assay preparation 2 (where it is packaged for dispens-

ing)—Dissolve the contents of 1 container of Vancomycin

Hydrochloride for Injection in water, and dilute quantitatively

with water to obtain a solution having a concentration of

about 1 mg of vancomycin per mL.~USP32
Assay preparation 3 (where the label states the quantity of

vancomycin in a given volume of constituted solution)—Constitute
a container of Vancomycin Hydrochloride for Injection in a volume
of water, accurately measured, equivalent to the volume of diluent
specified in the labeling. Dilute an accurately measured volume of
the constituted solution quantitatively with water to obtain a solution
containing about 1 mg of vancomycin per mL.
Procedure—Proceed as directed under Antibiotics—Microbial

Assays h81i, using an accurately measured volume of the appropriate
Assay preparation diluted quantitatively with Buffer No. 4 to yield
a Test Dilution having a concentration assumed to be equal to the
median dose level of the Standard.
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category, NF 25
page 1045, page 4046 of the Second Supplement, and page 1234 of
PF 33(6) [Nov.–Dec. 2007]. It is proposed to add rAlbumin Human to
the Vehicle—Sterile category to complement the proposed new mono-
graph for rAlbumin Human, which appears elsewhere in this issue of
PF.

(EM1; EM2) RTS—C56772

Change to read:

Antimicrobial Preservative
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben
Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol

&Dehydroacetic Acid&2S (NF26)

~

Erythorbic Acid~NF27

Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:

Antioxidant
Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene

&Stannous Chloride&2S (NF26)

~

Erythorbic Acid~NF27

Hypophosphorous Acid
Monothioglycerol
Potassium Metabisulfite
Propyl Gallate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite

Sodium Thiosulfate
Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Change to read:

Bulking Agent for Freeze-Drying
Creatinine
Mannitol

~

Polydextrose~NF26

&Pullulan&2S (NF26)

&Trehalose&1S (NF26)

Change to read:

Coating Agent
&Amino Methacrylate Copolymer&1S (NF25)

Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose, Sodium
Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)
&Coconut Oil&1S (NF25)

Copovidone
&Corn Syrup Solids&2S (NF25)
&Ethyl Acrylate and Methyl Methacrylate Copolymer
Dispersion&1S (NF25)

Ethylcellulose
Ethylcellulose Aqueous Dispersion
Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose
Phthalate)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hyp r ome l l o s e Ph t h a l a t e ( f o rme r l y Hyd r oxyp r opy l
Methylcellulose Phthalate)

Maltodextrin
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
&Palm Kernel Oil&2S (NF25)

Polyethylene Glycol

&Polyvinyl Acetate&1S (NF26)

Polyvinyl Acetate Phthalate

&Pullulan&2S (NF26)

~

Fully Hydrogenated Rapeseed Oil~NF26

~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein
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Change to read:

Desiccant
Calcium Chloride
Calcium Sulfate

&Polyvinyl Acetate&1S (NF26)

Silicon Dioxide

Change to read:

Emollient
Alkyl (C12-15) Benzoate
Hydrogenated Soybean Oil

&Hydrogenated Polydecene&1S (NF26)

~

Oleyl Oleate~NF26

Change to read:

Emulsifying and/or Solubilizing Agent
Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol

&Stannous Chloride&2S (NF26)
&Coconut Oil&1S (NF25)

Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates

&Gamma Cyclodextrin&2S (NF26)

Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate
Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)

~

Oleyl Oleate~NF26
&Palm Kernel Oil&2S (NF25)

Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)

&Propylene Glycol Monocaprylate&1S (NF26)

Propylene Glycol Monostearate

~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate

Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid
Trolamine
Wax, Emulsifying

Change to read:

Glidant and/or Anticaking Agent
Calcium Silicate
Magnesium Silicate

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide, Colloidal
Talc

Change to read:

Humectant
&Corn Syrup Solids&2S (NF25)
&Erythritol&1S (NF25)

Glycerin
Hexylene Glycol

&Hydrogenated Starch Hydrolysate&1S (NF26)

&Inositol&2S (NF26)

Maltitol

~

Polydextrose~NF26

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution
Tagatose

Change to read:

Ointment Base
Caprylocaproyl Polyoxylglycerides
Diethylene Glycol Monoethyl Ether

&Hydrogenated Polydecene&1S (NF26)

Lanolin
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow
Oleoyl Polyoxylglycerides
Polyethylene Glycol Monomethyl Ether
Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White
Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II

Change to read:

Plasticizer
Acetyltributyl Citrate
Acetyltriethyl Citrate
Castor Oil
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
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Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol

&Pullulan&2S (NF26)

Sorbitol Sorbitan Solution
Triacetin
Tributyl Citrate
Triethyl Citrate

Change to read:

Polymer Membrane
&Amino Methacrylate Copolymer&1S (NF25)

Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Cellaburate
Cellulose Acetate
&Ethyl Acrylate and Methyl Methacrylate Copolymer
Dispersion&1S (NF25)

&Pullulan&2S (NF26)

Change to read:

Sequestering Agent
Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Gamma Cyclodextrin&2S (NF26)
&Hydroxypropyl Betadex&2S (NF25)

&Pullulan&2S (NF26)

Sodium Tartrate

Change to read:

Solvent
Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol
~

Canola Oil~NF25

Caprylocaproyl Polyoxylglycerides
Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol

&Hydrogenated Polydecene&1S (NF26)

Isopropyl Alcohol
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone
Mineral Oil
Oleoyl Polyoxylglycerides
Peanut Oil
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Sesame Oil
Stearoyl Polyoxylglycerides
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile

Water, Purified

Change to read:

Stiffening Agent
Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Cetyl Palmitate
Hard Fat
Paraffin
Synthetic Paraffin

~

Fully Hydrogenated Rapeseed Oil~NF26

~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

Change to read:

Suspending and/or Viscosity-Increasing Agent
Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose

Sodium

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)

Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin
Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate

&Pullulan&2S (NF26)
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&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
Starch, Potato
Starch, Tapioca
Starch, Wheat
Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent
Acesulfame Potassium
Aspartame
Aspartame Acesulfame

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)
&High Fructose Corn Syrup&2S (NF25)

Dextrates
Dextrose
Dextrose Excipient
&Erythritol&1S (NF25)

Fructose
Galactose

&Hydrogenated Starch Hydrolysate&1S (NF26)

Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution
Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose

&Trehalose&1S (NF26)

Change to read:

Tablet Binder
Acacia
Alginic Acid
&Amino Methacrylate Copolymer&1S (NF25)

Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
Copovidone

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)

Dextrin
&Ethyl Acrylate and Methyl Methacrylate Copolymer
Dispersion&1S (NF25)

Ethylcellulose
Gelatin
Glucose, Liquid
Guar Gum

&Hydrogenated Starch Hydrolysate&1S (NF26)

Low-Substituted Hydroxypropyl Cellulose

Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Maltodextrin
Maltose
Methylcellulose
Polyethylene Oxide

&Polyvinyl Acetate&1S (NF26)

Povidone

&Pullulan&2S (NF26)

Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup

&Trehalose&1S (NF26)

Change to read:

Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Cellulose, Powdered

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)

Dextrates
Dextrin
Dextrose Excipient
Fructose

&Hydrogenated Starch Hydrolysate&1S (NF26)

Kaolin
Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol

&Propylene Glycol Monocaprylate&1S (NF26)

&Pullulan&2S (NF26)

Sorbitol
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner’s

&Trehalose&1S (NF26)

Change to read:

Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline
Croscarmellose Sodium
Crospovidone
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Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium

&Pullulan&2S (NF26)

Sodium Starch Glycolate
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

&Trehalose&1S (NF26)

Change to read:

Tonicity Agent

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)

Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Change to read:

Vehicle

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
&Corn Syrup Solids&2S (NF25)

Dextrose
Peppermint Water
Sorbitol Solution
Syrup

&Trehalose&1S (NF26)

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
~

Canola Oil~NF25

Corn Oil
Cottonseed Oil
Ethyl Oleate

&Hydrogenated Polydecene&1S (NF26)

Isopropyl Myristate
Isopropyl Palmitate

Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil
Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER
&Corn Syrup Solids&2S (NF25)

& Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)

&Propylene Glycol Monocaprylate&1S (NF26)

Sugar Spheres

STERILE

~

rAlbumin Human~NF27

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Change to read:

Wetting and/or Solubilizing Agent
Benzalkonium Chloride
Benzethonium Chloride
Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Pullulan&2S (NF26)

Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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BRIEFING

NF General Notices and Requirements, NF 25 page 1050—See
briefing under General Notices and Requirements, USP.

(EXE: R. Miller)

Delete the following:

~

The General Notices and Requirements (hereinafter referred to as
the General Notices) provide in summary form the basic guidelines
for the interpretation and application of the standards, tests, assays,
and other specifications of the National Formulary and eliminate
the need to repeat throughout the book those requirements that are
pertinent in numerous instances.
Where exceptions to the General Notices are made, the wording in

the individual monograph or general test chapter takes precedence
and specifically indicates the directions or the intent. To emphasize
that such exceptions do exist, the General Notices employ where in-
dicated a qualifying expression such as ‘‘unless otherwise specified.’’
Thus, it is understood that the specific wording of standards, tests,
assays, and other specifications is binding wherever deviations from
the General Notices exist. By the same token, where no language is
given specifically to the contrary, the General Notices apply.~NF27

Delete the following:

~

TITLE

The full title of this publication, including its supplements, is the Na-
tional Formulary, Twenty-Fifth Edition. This title may be abbreviated
to NF 25. Where the term NF is used, without further qualification,
during the period in which this National Formulary is official, it re-
fers only to NF 25 and any supplement(s) thereto. The same titles,
with no further distinction, apply equally to print or electronic presen-
tation of these contents.~NF27

~

‘‘OFFICIAL’’ AND ‘‘OFFICIAL ARTICLES’’

The word ‘‘official,’’ as used in this National Formulary or with ref-
erence hereto, is synonymous with ‘‘National Formulary,’’ with
‘‘NF,’’ and with ‘‘compendial.’’
The designation NF in conjunction with the official title or elsewhere
on the label of an article is a reminder that the article purports to com-
ply with NF standards; such specific designation on the label does
not constitute a representation, endorsement, or incorporation by
the manufacturer’s labeling of the informational material contained
in the NF monograph, nor does it constitute assurance by NF that
the article is known to comply with NF standards. An article may
purport to comply with an NF standard only when the article is re-
cognized in the NF. The standards apply equally to articles bearing
the official titles or names derived by transposition of the definitive
words of official titles or transposition in the order of the names of
two or more ingredients in official titles, whether or not the added
designation ‘‘NF’’ is used. Names considered to be synonyms of
the official titles may not be used for official titles.

Although both compendia, the United States Pharmacopeia and the
National Formulary, currently are published under one cover, they
remain separate compendia. The designation USP–NF or similar
combination may be used on the label of an article, provided the label
also bears a statement such as ‘‘Meets NF standards as published by
the USP,’’ indicating the particular compendium to which the article
purports to apply.
Where an article differs from the standards of strength, quality, and
purity as determined by the application of the assays and tests set
forth for it in the National Formulary, its difference shall be plainly
stated on its label. Where an article fails to comply in identity with the
identity prescribed in the NF, or contains an added substance that
interferes with the prescribed assays and tests, such article shall be
designated by a name that is clearly distinguished and differentiated
from any name recognized in the National Formulary.
Articles listed herein are official, and the standards set forth in the
monographs apply to them only when the articles are intended or la-
beled for use as drugs, as nutritional or dietary supplements, or as
medical devices and when bought, sold, or dispensed for these pur-
poses or when labeled as conforming to this National Formulary.
An article is deemed to be recognized in this National Formulary
when a monograph for the article is published in it, including its sup-
plements, addenda, or other interim revisions, and an official date is
generally or specifically assigned to it.
Because of differing characteristics not standardized by this National
Formulary , all sources or types of some excipients may not have
identical properties with respect to use in a specific preparation. To
assure interchangeability in such instances, users may wish to ascer-
tain final performance equivalency or determine such characteristics
prior to use.~NF27

Delete the following:

~

STORAGE UNDER NONSPECIFIC CONDITIONS

For articles recognized in this National Formulary, regardless of
quantity, where no specific storage directions or limitations are pro-
vided in the individual monograph or stated in the article’s labeling, it
is understood that conditions of storage and distribution include pro-
tection from moisture, freezing, excessive heat, and, where necessary,
protection from light.~NF27

Delete the following:

~

OTHER GENERAL NOTICES

The General Notices of USP 30, beginning with ‘‘The following ter-
minology is used’’ under ‘‘Official’’ and ‘‘Official Articles’’ (but not
including the section Storage under Nonspecific Conditions under
Preservation, Packaging, Storage, and Labeling, since that topic is
addressed in these General Notices), apply equally to the standards,
test, assays, and other specifications of this National Formulary, the
terms ‘‘National Formulary’’ and ‘‘NF’’ being read for ‘‘Pharmaco-
peial’’ and ‘‘USP,’’ respectively.
Similarly, the General Chapters, the section on Reagents, Indicators,
and Solutions, and the Reference Tables of USP 30 apply also to this
National Formulary.~NF27
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MONOGRAPHS (NF)

BRIEFING

Acetone, NF 25 page 1053. On the basis of comments received, it
is proposed to update the Assay to incorporate a capillary GC-FID
method with system suitability requirements. It is also proposed to
use this new method for an Identification test, and to improve the
current IR method to reflect the use of a reference standard for
comparison purposes. The column employed to develop and validate
the procedure is a 0.32-mm 6 30-m fused-silica capillary coated
with a 1.8-mm layer of phase G43. The typical retention time for the
acetone peak is 3.5 minutes. Additionally, two USP Reference
Standards are proposed for use in the revisions to the Identification
test and the Assay. Finally, it is proposed to update the Water section
to incorporate a capillary GC-TCD method. The column used to
develop and validate the Water test is a 0.32-mm 6 50-m capillary
column coated with a 5.0-mm layer of support S2. Interested parties
are encouraged to comment on the proposal.

(EM1: R. Lafaver) RTS—C42760

Add the following:

~USP Reference standards h11i—USP Acetone RS. USP

Methyl Alcohol RS.~NF27

Change to read:

Identification—The IR absorption spectrum of a thin film of it
between potassium bromide plates exhibits a strong band at about
5.8 mm; a strong region of absorption between 6.8 and 7.5 mm, with
maxima at about 7.0 and 7.3 mm; a strong maximum at about 8.2
mm; and weak maxima at about 9.2 and 11.0 mm.

~A: Infrared Absorption h197Fi.

B: The retention time of the major peak in the

chromatogram of Acetone corresponds to that in the

chromatogram of USP Acetone RS, as obtained in the

Assay.~NF27

Change to read:

Water—
Standard preparation—Transfer 0.50 mL of water to a dry

100-mL volumetric flask, dilute with dehydrated isopropyl alcohol to
volume, and mix.
Chromatographic system—Under typical conditions, the gas

chromatograph is equipped with a thermal conductivity detector,
and contains a 1.5-m 6 6-mm stainless steel column containing
packing S4. The column is maintained at a temperature of 1808, and
helium is used as the carrier gas.

~Under typical conditions, the gas chromatograph is equipped

with a thermal conductivity detector, maintained at about

2508, and a 0.32-mm 6 50-m capillary column coated with

a 5.0-mm layer of support S2. The carrier gas is helium,

flowing at a rate of 40 mL per minute. The column is

maintained at 1008, then the temperature is increased at a rate

of 258 per minute to 1908. The injection port temperature is

maintained at 2508.~NF27

Procedure—Inject 5.0

~about 1.0~NF27
mL of Standard preparation into a suitable gas chromatograph, and
determine the area under the water peak. Similarly inject 5.0

~about 1.0~NF27
mL of the same

~

~NF27
dehydrated isopropyl alcohol to provide a blank, and determine the
area under the water peak.

~Identify the components based on their relative retention

times, which are 1.0 for water, and about 1.9 for isopropyl

alcohol.~NF27
The retention time is about 1 minute.

~

~NF27
Similarly inject 5.0

~about 1.0~NF27
mL of Acetone. The area under the water peak for Acetone is not
greater than that from the Standard preparation corrected for the
area under the water peak in the blank chromatogram (0.5%).

Change to read:

Assay—
Chromatographic system—Under typical conditions, the instru-

ment is equipped with a flame-ionization detector, and contains a 3-
mm 6 1.8-m column containing packing S4. The column
temperature is programmed at a rate of about 88 per minute from
1108 to 2208, and helium is used as the carrier gas.
Procedure—Inject a suitable volume, typically about 0.5 mL, of

Acetone into a suitable gas chromatograph, and record the
chromatogram. Calculate the percentage of C3H6O in the Acetone,
on the anhydrous basis, by dividing the area under the acetone peak
by the sum of the areas under all of the peaks and multiplying by
100. [NOTE—No separate correction is applied for water content,
since water does not respond to the flame-ionization detector.]

~System suitability solution—Dilute 1.0 mL of USP Methyl

Alcohol RS and 1.0 mL of USP Acetone RS with

tetrahydrofuran to 50 mL.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector, maintained at about 2808, and a 0.32-mm 6

30-m fused-silica capillary column coated with a 1.8-mm

layer of phase G43. The carrier gas is helium with a linear

velocity of about 35 cm per second and a split ratio of 1 : 400.

The column is maintained at 408 for the first 5 minutes, then

the temperature is increased at a rate of 208 per minute to

2408. The injection port temperature is maintained at 2008.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
120 IN-PROCESS REVISION Vol. 34(1) [Jan.–Feb. 2008]



Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the relative

retention times are 1.0 for acetone, about 0.6 for methyl

alcohol, and about 1.9 for tetrahydrofuran; and the resolution,

R, between the methyl alcohol and acetone peaks is not less

than 15.

Procedure—Inject a suitable volume, typically about 1 mL,

of Acetone into the chromatograph, and record the chromat-

ogram. Calculate the percentage of C3H6O in the portion of

Acetone taken, on the anhydrous basis, by dividing the area

under the acetone peak by the sum of the areas under all of

the peaks, and multiplying by 100. [NOTE—No separate

correction is applied for water content, because water does

not respond to the flame-ionization detector.]~NF27

BRIEFING

rAlbumin Human. Because there is no existing NF monograph
for this excipient, a new monograph is being proposed. The HPLC
procedure in the Peptide mapping test was validated using a Vydac
218TP54 C18 brand of L1 column. The HPLC procedure in the
Electrospray mass spectrometry test was validated using a Brownlee
RP300 C8 brand of L## column. The HPLC procedure in the test for
High molecular weight proteins was validated using a Tosoh
Bioscience TSK G3000 SWXL brand of L59 column. rAlbumin
Human elutes at approximately 9 minutes.

(BB BBP: A. Szajek) RTS—C56772

Add the following:

~rAlbumin Human

C2936H4624N786O889S41 66,438 Da

» Recombinant Albumin Human (rHA) is produced

by recombinant DNA expression in Saccharomyces

cerevisiae. Structural equivalence (primary, secon-

dary, and tertiary) between rHA and human serum

albumin (HSA) has been demonstrated. It consists

of 3 domains composed of 585 amino acids

containing a single tryptophan (Trp214), one free

thiol (Cys34), and 17 disulfide bridges. It is

presented as a sterile and nonpyrogenic aqueous

liquid consisting of a 10 percent (w/v) or 20 percent

(w/v) solution in Water for Injection. No human- or

animal-derived raw material is involved in its

manufacture. Not less than 99 percent of its total

protein is albumin. It contains not less than 95

percent and not more than 105 percent of the

labeled amount. It contains no added antimicrobial

agents, but it may contain appropriate stabilizing

agents.

The presence of process-related impurities, host

cell DNA, and host cell proteins is process specific;

suitable limits should be determined by appropri-

ately validated methods. However, the limit for

host cell proteins should be not more than 0.15 ppm

(0.15 mg per g).

Packaging and storage—Preserve in tight glass containers,

and store between 28 and 88. Do not freeze.

Labeling—Label it to indicate that the material is of

recombinant DNA origin.

USP Reference standards h11i—USP rAlbumin Human RS.

USP Endotoxin RS.

Identification—Proceed as directed in the tests for Peptide

mapping and Electrospray mass spectrometry. The peptide

map chromatographic profiles of the Test solution are similar
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to those of the Standard solution; the mass calculated by

Electrospray mass spectrometry is within 20 Da of the

theoretical mass.

Peptide mapping (see Biotechnology-Derived Articles—

Peptide Mapping h1055i)—

Solvent A—Prepare a filtered and degassed solution

(1 : 1000, v/v) of trifluoroacetic acid in water.

Solvent B—To 350 mL of acetonitrile add 150 mL of water

and 425 mL of trifluoroacetic acid.

Mobile phase—Use variable mixtures of Solvent A and

Solvent B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Tris buffer—Prepare a 0.1M solution of tris(hydroxy-

methyl)aminomethane (Tris) in water, and adjust with

hydrochloric acid to a pH of 8.0.

Dilute tris buffer—Dilute Tris buffer in water (50 : 50).

EDTA solution—Prepare a 0.1M solution of ethylenedia-

minetetraacetic acid (EDTA) in water.

Sample diluent—To 5.76 g of guanidine hydrochloride add

approximately 5 mL of Dilute tris buffer and 200 mL of EDTA

solution. Dilute with Dilute tris buffer to a final volume of 10

mL.

Dithiothreitol solution—Prepare a 0.1M solution of

dithiothreitol in water.

Iodoacetamide solution—Prepare a 0.1M solution of

iodoacetamide in Tris buffer.

Trypsin solution—Prepare a solution containing 1 mg of

trypsin per mL of 10 mM hydrochloric acid, and mix.

Standard solution—Add 20 mL of USP rAlbumin Human

RS to 80 mL of Sample diluent, and mix well. Add 5 mL of

Dithiothreitol solution, mix, and incubate at 378 for 75

minutes. Add 10 mL of Iodoacetamide solution, mix, and

incubate at 378 for 75 minutes in the dark. Add 100 mL of

Dilute tris buffer and 400 mL of water, and mix. Add 10 mL of

Trypsin solution, mix, and incubate at 378 with shaking for 24

hours. Separate insoluble material from the supernatant by

centrifugation. Dilute the supernatant in Solvent A (50 : 50).

Test solution—Dilute the test sample in water to a final

concentration of 50 mg per mL. Add 20 mL of this solution to

80 mL of Sample diluent, and mix well. Add 5 mL of

Dithiothreitol solution, mix, and incubate at 378 for 75

minutes. Add 10 mL of Iodoacetamide solution, mix, and

incubate at 378 for 75 minutes in the dark. Add 100 mL of

Dilute tris buffer and 400 mL of water, and mix. Add 10 mL of

Trypsin solution, mix, and incubate at 378 with shaking for 24

hours. Separate insoluble material from the supernatant by

pulse centrifugation. Dilute the supernatant in Solvent A

(50 : 50).

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 214-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The column temperature is maintained at 358. The

chromatograph is programmed as shown in Table 1. below.

Procedure—Separately inject equal volumes (100 mL) of

the Standard solution and the Test solution into the

chromatograph, and record the chromatograms: the chromat-

ographic profiles of the Test solution are similar to those of

the Standard solution.

Electrospray mass spectrometry—

Solvent A—Dilute 200 mL of trifluroacetic acid in 200 mL

of water.

Solvent B—To 140 mL of acetonitrile add 180 mL of

trifluroacetic acid and 60 mL of water.

Solvent C—Dilute acetonitrile in water (50 : 50).

Solvent D—To 5 mL of Solvent C add 10 mL of formic acid.

Test solution—Dilute the test sample with water to obtain

a final concentration of 10 mg per mL.

Desalted test solution—Desalt the Test solution as de-

scribed below under Mass spectrometric system.

Mass spectrometric system (see Mass Spectrometry

h736i)—The LC/MS spectrometer is equipped with an

infusion system connected to an electrospray interface. The

spectrometer is operated in the positive ion mode. [NOTE—

The infusion system flow rate can be adjusted as needed. To

assist in nebulization, the infusion system can contain
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a sheathing gas fluid.] The liquid chromatographic system is

equipped with a 280-nm detector and a 2.1-mm 6 3-cm

column that contains 7-mm packing L##. The chromatograph

is programmed as follows.

Time

(minutes)

Solvent A

(%)

Solvent B

(%) Elution

0?5 95 5 Isocratic

5?10 95?0 5?100 Linear gradient

10?15 0 100 Isocratic

The flow rate is 0.2 mL per minute. Equilibrate the capillary

in Solvent C. Inject 20 mL of the Test solution, record the

chromatograms, and collect the eluate (i.e., the Desalted test

solution). Ensure that a single protein peak elutes.

System suitability solution—Accurately weigh about 2 mg

of horse heart myoglobin. For each 2 mg weighed, add 589

mL of Water for Injection. Dilute 25 mL of this solution with

475 mL of Solvent D.

System suitability—Inject 50 mL of the System suitability

solution, and obtain and transform the spectrogram. A single

peak with mass in the range 16,949 to 16,953 Da is found.

Procedure—Inject 50 mL of the Desalted test solution, and

obtain and transform the spectrogram. The mass is within 20

Da of the theoretical mass.

Bacterial endotoxins h85i—It contains not more than 0.5

USP Endotoxin Unit RS per mL.

Sterility h71i: meets the requirements.

pH h791i: between 6.4 and 7.4 when diluted with 0.9%

(w/v) sodium chloride to obtain a solution containing 1%

(w/v) protein.

Purity (see Electrophoresis h726i)—

Stock sample buffer1—Dilute a mixture of 4 mL of 0.5M

Tris hydrochloride pH 8.6, 0.5 mL of 0.1% bromophenol

blue, and 2.0 mL of glycerol with water to 1 L.

Diluted sample buffer—Dilute the Stock sample buffer with

water (1 : 1).

Native stock running buffer2—Dissolve 29 g of Tris base

and 144 g of glycine in 900 mL of water. Mix well, and adjust

with water to 1 L.

Running buffer—Dilute 1 volume of Native stock running

buffer with 9 volumes of water.

Gel staining solution—Prepare a suitable Coomassie

G-250–based solution.3

Native PAGE gel—Prepare a 14% Tris-Glycine gel.4

Table 1.

Time (minutes) Solvent A (%) Solvent B (%)

Flow Rate

(mL per min) Elution

0–5 95 5 0.5 Isocratic

5–75 95?60 5?40 0.5 Linear gradient

75–100 60?40 40?60 0.5 Linear gradient

100–104 40?0 60?100 0.5 Linear gradient

104–108 0 100 0.5 Isocratic

108–109 0?95 100?5 1.0 Linear gradient

109–115 95 5 1.0 Isocratic

115–116 95 5 0.5 Isocratic

116–120 95 5 0.5 Isocratic

1 Stock sample buffer is available from Invitrogen (No. LC2673).
2 Native stock running buffer is available from Invitrogen (No.
LC2672).
3 A suitable Coomassie stain is available from Pierce (No. 24890 or
No. 24592).
4 14% Tris-Glycine gel is available from Invitrogen (No. EC6485).
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Test solution—Prepare a solution containing 4 mg of

rAlbumin Human per mL of water. Add 500 mL of this

solution to 500 mL of Stock sample buffer to obtain a solution

having a concentration of 2 mg of rAlbumin Human per mL.

Calibration curve solutions—Dilute the Test solution

quantitatively, and stepwise if necessary, with Diluted

sample buffer to obtain standard curve solutions having

known concentrations of 0.1 mg per mL, 0.02 mg per mL,

0.015 mg per mL, 0.01 mg per mL, 0.005 mg per mL, 0.002

mg per mL, and 0.001 mg per mL.

Gel loading scheme—Load 10-mL aliquots of the Calibra-

tion curve solutions onto the gel from left to right in the

following order:

Lane 1: 0.001 mg per mL

Lane 2: 0.002 mg per mL

Lane 3: 0.005 mg per mL

Lane 4: 0.01 mg per mL

Lane 5: 0.015 mg per mL

Lane 6: 0.02 mg per mL

Lane 7: Diluted sample buffer

Lane 8: Test solution

Lane 9: Test solution

Lane 10: Diluted sample buffer

Running the gel—Perform electrophoresis at 125 V, 35 mA,

and 5.0 W, using Running buffer. Remove the gel from the

apparatus after approximately 2 hours.

Gel staining—Place the gel in 100 mL of water, and shake

gently with circumgyration for about 30 minutes. Pour

approximately 50 mL of Gel staining solution into a staining

container. Place the gel into the staining container, and allow

the stain to completely cover the gel. Place the staining

container on an orbital shaker, and stain the gel for 120

minutes with gentle shaking.

Destaining—Drain the Gel staining solution, and add 100

mL of water to the container to cover the gel. Place the

container on an orbital shaker, and shake at low speed for

about 60 minutes. Change the water, and repeat for a total of

two washes.

Gel scan procedure—Set up a gel scanner according to the

manufacturer’s instructions. Place the gel in the detector, and

obtain a single image of all 10 lanes of the gel.

Data analysis—Perform image analysis of lanes 1 to 6 to

generate a linear calibration curve. Determine the linear

regression equation of the standards by the least-squares

method, with standard concentrations, in ng, as the dependent

variable (x) and the sample band intensity (optical density) as

the independent variable (y). Record the linear regression

equation and the correlation coefficient, r. A suitable system

is one that yields a line having an r2 of not less than 0.990.

Examine lanes 8 and 9 (the Test solution lanes) for the

presence of bands below the main albumin band. If bands are

present below the main albumin band in either or both lanes,

quantify the relative amount, in ng, of protein present in each

band against the calibration curve. Convert the quantified

value to a contaminant level in percentage by dividing the

quantified value by a factor of 200. Calculate the purity of the

sample by the formula:

100 – CI

in which CI is the mean of the percentages of contaminant

levels found in lane 8 and lane 9 (all the bands other than the

albumin band), disregarding any band due to the sample

buffer. The purity of the Test solution should be not less than

99.0%. [NOTE—The main albumin band is not quantitated.

See test for Protein content below.]

High molecular weight proteins—

Stock sodium azide solution—Dissolve 50 g of sodium

azide in sufficient water to obtain a final volume of 250 mL.

Stock buffer—Dissolve 54.2 g of dibasic sodium phosphate

dihydrate, 30.0 g of monobasic sodium phosphate dihydrate,

and 284.0 g of anhydrous sodium sulfate in 1600 mL of

water. Add 50 mL of Stock sodium azide solution, and dilute

with water to 2000 mL.

Working buffer (solvent A)—Prepare a filtered and degassed

mixture of water and Stock buffer (10 : 1).
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Sample solution—Dilute the sample with water to a nominal

concentration of 40 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 7.8-mm 6 30-cm column that contains 5-mm packing

L59. The flow rate is 1.0 mL per minute.

Procedure—Inject 50 mL of the Sample solution, record the

chromatogram, and measure the peak responses. The peak

due to polymer is located in the part of the chromatogram

representing the void volume. Calculate the percentage of

polymer in the sample by the formula:

100(rP / rs)

in which rP is the peak response for the rAlbumin Human

polymer; and rs is the sum of the responses of all of the

rAlbumin Human related peaks: not more than 1.0% is found.

Protein content—

Copper sulfate solution—Dissolve 0.6 g of copper sulfate

pentahydrate and 6.0 g of potassium sulfate5 in 10.0 mL of

sulfuric acid low in nitrogen.

Test solution—Dilute 0.5 g rAlbumin Human with 2.5 mL

of 0.15M sodium chloride to obtain a solution containing

about 3.3 mg of protein per mL.

Blank—Dilute 0.1 g of glycine with 3.0 mL of the 0.15M

sodium chloride used to make the Test solution.

Procedure—To 3.0 mL of the Test solution and the Blank,

in suitable distillation tubes, add 5 mL of Copper sulfate

solution. Incubate at 4208 for a minimum of 2 hours, or until

the residues appear white. When the solutions are cool,

transfer the residues quantitatively with a minimum quantity

of water to a micro-Kjeldahl flask, and determine the

residues, using Method II under Nitrogen Determination

h461i. Multiply the result, corrected for the Blank and for the

specific gravity of the Test solution, by 6.25 to calculate the

quantity of protein. It contains not less than 95% and not

more than 105% of the quantity of protein stated on the label.

Sodium content—

Diluent—Dissolve 1.0 g of cesium chloride in sufficient

water to obtain a final volume of 1000 mL.

Sample solution—Accurately prepare 40 mL of a solution

of sample in Diluent having a concentration of approximately

80 mg per mL of rAlbumin Human.

Reference solutions—Prepare four solutions of sodium

chloride in Diluent having concentrations of 0.5 mg per mL,

1.00 mg per mL, 1.50 mg per mL, and 2.00 mg per mL.

Procedure—Set a suitable atomic absorption spectrometer

capable of analyzing in emission mode to a wavelength of

589 nm. Operate the atomic emission spectrometer in

accordance with the manufacturer’s instructions. Introduce

a blank solution (Diluent) into the atomic generator, and

adjust the instrument reading to zero. Determinations are

made by comparison with the Reference solutions of known

concentration. If the sample solution emission exceeds that of

the Reference solution with the highest concentration, dilute

the sample with Diluent. Introduce the most concentrated

Reference solution into the instrument, and adjust the

sensitivity to obtain a suitable reading. Introduce the

Sample solution and each Reference solution into the

instrument at least three times, and record the steady reading.

Rinse the apparatus with blank solution each time, and

ascertain that the reading returns to its initial blank value. Plot

the mean of the readings obtained for the Reference solutions

against their respective sodium concentrations. From the

standard curve, calculate the sodium concentration content in

the Sample solution, and adjust for the specific gravity of the

rAlbumin Human (see test for Protein content): the

concentration of sodium should be not less than 120 mM

and not greater than 160 mM.~USP32

5 Copper sulfate pentahydrate and potassium sulfate tablets (each
tablet with 1.5 g K2SO4 + 0.15 g CuSO4.5H20) are available from
Foss (No. 15270034).
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BRIEFING

Alfadex, NF 25 page 1056 and page 3738 of the First
Supplement. On the basis of comments and data received, it is
proposed to update the Mobile phase, System suitability preparation,
and Chromatographic system in the Assay, and to revise the
calculation formula to subtract the water content from the weight of
Alfadex. It is also proposed to include USP Dextrose RS in the
monograph for use in the preparation of the Standard stock solution
in the Reducing sugars test. In addition, several editorial changes
have been made.

(EM2: H. Wang) RTS—C58848

Change to read:

USP Reference standards h11i—USPAlpha Cyclodextrin RS. USP
Beta Cyclodextrin RS. USP Gamma Cyclodextrin RS.

~USP Dextrose RS.~NF27

Change to read:

Identification—
A: The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromatogram of
the Standard preparation, as obtained in the Assay.
B: It meets the requirements of the test for Specific rotation
h781Si
~Specific rotation.~NF27
C: Mix 0.2 g with 2 mL of iodine TS, warm in a water bath to

dissolve the test specimen, and allow to stand at room temperature:
a yellow-brown precipitate is formed.

Change to read:

Heavy metals, Method II h231i:
~not more than~NF27
10 mg per g.

Change to read:

Reducing sugars—
Cupric solution—Dissolve 15 g of cupric sulfate in water to make

100 mL.
Tartrate solution—Dissolve 2.5 g of anhydrous sodium carbonate,

2.5 g of potassium sodium tartrate, 2.0 g of sodium bicarbonate, and
20 g of anhydrous sodium sulfate in water to make 100 mL.
Cupric–tartaric solution—Immediately before use, mix 1 part of

Cupric solution with 25 parts of Tartrate solution.
Ammonium molybdate reagent—Mix 10 mL of a solution of

disodium arsenate (6 in 100), 50 mL of a solution of ammonium
molybdate (1 in 10), and 90 mL of diluted sulfuric acid, and dilute
with water to 200 mL.
Test solution—Transfer about 1.0 g of Alfadex, accurately

weighed, &and calculated on the anhydrous basis,&1S (NF25) to
a 100-mL volumetric flask, dissolve in and dilute with water that
has been previously boiled and cooled to room temperature, to
volume, and mix. To 1 mL of this solution add 1 mL of Cupric–
tartaric solution. Heat on a water bath for 10 minutes, then cool to
room temperature. Add 10 mL of Ammonium molybdate reagent,
and allow to stand for 15 minutes.

~Standard stock solution—Prepare a solution having

a known concentration of 20 mg per L for USP Dextrose

RS, calculated on the anhydrous basis.~NF27
Standard solution—Prepare as directed for the Test solution, at the

same time, except to use 1 mL of a solution containing 20 mg of
glucose per L.

~1 mL of Standard stock solution in place of 1.0 g anhydrous

Alfadex.~NF27
Procedure—Concomitantly measure

~Measure~NF27
the absorbance of the Test solution and the Standard solution at the
wavelength of maximum absorbance at 740 nm relative to that of
water, with a suitable spectrophotometer. The absorbance of the Test
solution is not greater than that of the Standard solution (0.2%).

Change to read:

Related compounds—
System suitability solution—Prepare as directed for System

suitability preparation in the Assay.
Standard solution—Transfer 5.0 mL of the System suitability

solution into a 50-mL volumetric flask, and dilute with water to
volume.
Test solution—Use the Assay stock preparation prepared as

directed in the Assay.
Chromatographic system (see Chromatography h621i)—Proceed

as directed in the Assay.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the responses for the major
peaks. For the Test solution, the areas of any peaks corresponding to
beta cyclodextrin or to gamma cyclodextrin are not greater than half
of the area of the corresponding peaks in the chromatogram of the
Standard solution (0.25%), and the sum of the areas of all the peaks,
excluding the principal peak and the peaks corresponding to beta
cyclodextrin or to gamma cyclodextrin, is not greater than half of

~

~NF27
the area of the peak corresponding to alpha cyclodextrin in the
chromatogram of the Standard solution (0.5%).

Change to read:

Assay—
Mobile phase—Prepare a filtered and degassed mixture of water

and methanol (90 : 10)

~(93 : 7).~NF27
Make adjustments if necessary (see System Suitability under
Chromatography h621i).
Standard preparation—&Dissolve an accurately weighed quantity

of USP Alpha Cyclodextrin RS in water to obtain a solution having
a known concentration of about 1.0 mg per mL, calculated on the
anhydrous basis.&1S (NF25)
System suitability preparation—&Dissolve accurately weighed

quantities of USP Alpha Cyclodextrin RS, USP Beta Cyclodextrin
RS, and USP Gamma Cyclodextrin RS in water to obtain a solution
having known concentrations of about 1.0 mg per mL for USPAlpha
Cyclodextrin RS, calculated on the anhydrous basis, about 0.5 mg of
each per mL for USP Beta Cyclodextrin RS and USP Gamma
Cyclodextrin RS, each calculated on the anhydrous basis.&1S (NF25)

~Dissolve accurately weighed quantities of USP Alpha

Cyclodextrin RS, USP Beta Cyclodextrin RS, and USP

Gamma Cyclodextrin RS in water to obtain a solution having

known concentrations of about 0.5 mg of each per mL for
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USP Alpha Cyclodextrin RS and USP Beta Cyclodextrin RS,

each calculated on the anhydrous basis, and about 0.5 mg per

mL for USP Gamma Cyclodextrin RS, calculated on the dried

basis.~NF27

Assay stock preparation—Transfer 250 mg of Alfadex, accurately
weighed, &and calculated on the anhydrous basis,&1S (NF25)

~

~NF27
to a 25-mL volumetric flask, and dissolve in water with the aid of
heat. Cool, and dilute with water to volume.
Assay preparation—Transfer 5.0 mL of the Assay stock

preparation to a 50-mL volumetric flask, and dilute with water to
volume.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a refractive index detector
and a 4.6-mm 6 25-cm column that contains &5-mm&1S (NF25)
packing L1. The flow rate is about 1.5 mL per minute.
Chromatograph the System suitability preparation, and record the
chromatograms for about 3.5 times the retention time of alpha
cyclodextrin. Record the peak responses as directed for Procedure:
&

&1S (NF25) the resolution, R, between the gamma cyclodextrin and
alpha cyclodextrin peaks is not less than 1.5; and for the alpha
cyclodextrin peak, the relative standard deviation for replicate
injections is not more than 2.0%. &[NOTE—For the purpose of
identification, the relative retention times are about 1.0 for alpha
cyclodextrin, about 2.2 for beta cyclodextrin, and about 0.7 for
gamma cyclodextrin.]&1S (NF25)

~The liquid chromatograph is equipped with a refractive

index detector and a 4.6-mm 6 15-cm column that contains

5-mm packing L1. The temperature for the refractive index

detector is maintained at 408, and the temperature for the

analytical column is maintained at 308. The flow rate is about

1.5 mL per minute. Chromatograph the System suitability

preparation, and identify the components based on their

relative retention times, which are 0.8, 1.0, and 2.0 for gamma

cyclodextrin, alfadex, and betadex, respectively. Record the

peak responses as directed for Procedure: the resolution, R,

between the gamma cyclodextrin and alfadex peaks is not less

than 1.5; the tailing factors for the three cyclodextrins are

between 0.8 and 2.0; and the relative standard deviation for

replicate injections is not more than 2.0%.~NF27

Procedure—Separately inject equal volumes (about 50 mL) of the
Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the percentage of (C6H10O5)6 in the
portion of Alfadex taken by the formula: &

2500(C/W)(rU / rS)&1S (NF25)

~100 (10)6(25) {C / [W(1 – 0.01A)]}(rU / rS)~NF27

in which

~10 is the dilution factor for preparing the Assay preparation

from the Assay stock preparation; 25 is the volume, in mL, of

the Assay stock preparation;~NF27
C is the concentration, in mg per mL, of alpha cyclodextrin in the
Standard preparation; &

&1S (NF25) W is the weight, in mg, of alpha
cyclodextrin taken to prepare the Assay stock preparation;

~A is the percentage of water in the portion of Alfadex

taken;~NF27
and &rU and rS&1S (NF25) are the peak responses of the alpha
cyclodextrin peak obtained from the Assay preparation and the
Standard preparation, respectively.

BRIEFING

Betadex, NF 25 page 1071. Proposed revisions are made to this
NF monograph on the basis of the following information: a new
validation report; new data for the Assay and the test for Related
compounds; comments received; the Beta Cyclodextrin monograph
in the Food Chemicals Codex, Fifth Edition, page 126; and the
Betadex monograph in the European Pharmacopoeia, Fifth Edition,
page 1084.
1. The CAS no, chemical formula, molecular weight, chemical

name, and molecular structure are added.
2. The Packaging and storage section is revised.
3. USP Gamma Cyclodextrin RS and USP Dextrose RS are added

to the USP Reference standards section.
4. The Microbial limits test is updated.
5. A pH test is added.
6. The title in the test for Reducing substances is changed to

Reducing sugars. The titration procedure is replaced by
a spectroscopic method.

7. A test for Light-absorbing impurities is added.
8. The liquid chromatographic procedures in the Assay and the test

for Related compounds are revised. New procedures presented
in the proposal are validated and based on analyses performed
with the YMC-pack ODS-A brand of column containing 5-mm
packing L1. The typical retention times for gamma cyclodex-
trin, alfadex (alpha cyclodextrin), and betadex (beta cyclodex-
trin) are 2.7, 3.4, and 6.9 minutes, respectively.

In addition, several editorial changes have been made.

(EM2: H. Wang) RTS—C58721
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Add the following:

~

(C6H10O5)7 1134.98

Beta Cyclodextrin [7585-39-9].~NF27

Change to read:

Packaging and storage—Preserve in tight containers.

~No storage requirements specified.~NF27

Change to read:

USP Reference standards h11i—USPAlpha Cyclodextrin RS. USP
Beta Cyclodextrin RS.

~USP Gamma Cyclodextrin RS. USP Dextrose RS.~NF27

Change to read:

Identification—
A: Infrared Absorption h197Ki: on undried specimen.
B: The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromatogram of
the Standard preparation, as obtained in the Assay.
C: Prepare a test solution in water containing 15 mg per mL.

Separately apply 2 mL each of the test solution and a Standard
solution of USP Beta Cyclodextrin RS in water containing 5 mg per
mL to a suitable thin-layer chromatographic plate (see Chromatog-
raphy h621i) coated with a 0.25-mm layer of chromatographic silica
gel. Allow the applications to dry, and develop the chromatogram in
a solvent system consisting of a mixture of n-propyl alcohol, water,
ethyl acetate, and ammonium hydroxide (6 : 3 : 1 : 1) until the solvent
front has moved about three-fourths of the length of the plate.
Remove the plate from the developing chamber, mark the solvent
front, and allow the solvent to evaporate. Locate the spots on the
plate by lightly spraying with iodine and potassium iodide TS 1: the
RF value of the principal spot obtained from the test solution
corresponds to that obtained from the Standard solution.

~It meets the requirements of the test for Specific rota-

tion.~NF27
D: Mix 0.2 g with 2 mL of iodine TS, warm in a water bath to

dissolve the test specimen, and allow to stand at room temperature:
a yellow-brown precipitate is formed.

Change to read:

Microbial limits h61i—The total bacterial count does not exceed
1000 cfu per g, and the tests for Salmonella species and Escherichia
coli are negative.

~The total aerobic microbial count does not exceed 1000 cfu

per g, and the total combined molds and yeasts count does not

exceed 100 cfu per g. It meets the requirements of the tests for

absence of Salmonella species and Escherichia coli.~NF27

Add the following:

~pH h791i—Add 0.1 mL of a saturated solution of potassium

chloride to 10 mL of Betadex aqueous solution (1 in 100).

The pH of the solution is between 5.0 and 8.0.~NF27

Change to read:

Heavy metals, Method II h231i:
~not more than~NF27
5 ppm.

Change to read:

Reducing substances

~Reducing sugars~NF27
—Transfer 1.0 g to a 250-mL conical flask, dissolve in 10 mL of
water, and add 25 mL of alkaline cupric citrate TS. Cover the flask,
boil gently for 5 minutes, accurately timed, and cool rapidly to room
temperature. Add 25 mL of 0.6N acetic acid, 10.0 mL of 0.1N
iodine VS, and 10 mL of 3N hydrochloric acid, and titrate with
0.1N sodium thiosulfate VS, adding 3 mL of starch TS as the
endpoint is approached (see Titrimetry h541i). Perform a blank
determination, omitting the specimen, and note the difference in
volumes required. Each mL of the difference in volume of 0.1N
sodium thiosulfate consumed is equivalent to 2.7 mg of reducing
substances (as dextrose): the limit is 1.0%.

~Cupric solution—Dissolve 15 g of cupric sulfate in water

to make 100 mL.

Tartrate solution—Dissolve 2.5 g of anhydrous sodium

carbonate, 2.5 g of potassium sodium tartrate, 2.0 g of sodium

bicarbonate, and 20 g of anhydrous sodium sulfate in water to

make 100 mL.

Cupric-tartaric solution—Immediately before use, mix

1 part of Cupric solution with 25 parts of Tartrate solution.

Ammonium molybdate reagent—Mix 10 mL of a solution

of disodium arsenate (6 in 100), 50 mL of a solution of

ammonium molybdate (1 in 10), and 90 mL of diluted

sulfuric acid, and dilute with water to 200 mL.

Test solution—Transfer an accurate quantity of Betadex,

equivalent to 1.0 g to a 100-mL volumetric flask, dissolve in

and dilute with water, which has been previously boiled and

cooled to room temperature, to volume, and mix. To 1 mL of

this solution add 1 mL of Cupric-tartaric solution. Heat on
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a water bath for 10 minutes, then cool to room temperature.

Add 10 mL of Ammonium molybdate reagent, and allow to

stand for 15 minutes.

Standard stock solution—Prepare a solution having

a known concentration of 20 mg per L for USP Dextrose

RS, calculated on the anhydrous basis.

Standard solution—Prepare as directed for the Test

solution, at the same time, except to use 1 mL of Standard

stock solution in place of 1.0 g of anhydrous Betadex.

Procedure—Measure the absorbance of the Test solution

and the Standard solution at the wavelength of maximum

absorbance at 740 nm relative to that of water, with a suitable

spectrophotometer. The absorbance of the Test solution is not

greater than that of the Standard solution (0.2%).~NF27

Add the following:

~Light-absorbing impurities—

Test solution—Transfer an accurate quantity of Betadex,

equivalent to 1.0 g on the anhydrous basis, to a 100-mL

volumetric flask, dissolve in and dilute with water which has

been previously boiled and cooled to room temperature, to

volume, mix, and pass through a 0.2-mm filter.

Procedure—Determine the absorbance of the Test solution

in a 1-cm cell with a suitable spectrophotometer, after

correcting for the blank: between 230 nm and 350 nm, the

absorbance is not greater than 0.10; and between 350 nm and

750 nm, the absorbance is not greater than 0.05.~NF27

Add the following:

~Related compounds—

Mobile phase and Chromatographic system—Prepare as

directed in the Assay.

System suitability solution—Prepare as directed for System

suitability preparation in the Assay.

Standard solution—Transfer 5.0 mL of the System

suitability solution into a 50-mL volumetric flask, and

dilute with water to volume.

Test solution—Use the Assay stock preparation, prepared as

directed in the Assay.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. For the Test solution, the areas

of any peaks corresponding to alfadex (alpha cyclodextrin) or

to gamma cyclodextrin are not greater than half of the area of

the corresponding peaks in the chromatogram of the Standard

solution (0.25%); and the sum of the areas of all the peaks,

excluding the principal peak, the peaks corresponding to

alfadex or to gamma cyclodextrin, and artifact peaks, is not

greater than the area of the peak corresponding to betadex

(beta cyclodextrin) in the chromatogram of the Standard

solution (0.5%).~NF27

Change to read:

Assay—
Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (65 : 35). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Internal standard solution—Dissolve 2.0 g of glycerol in water

contained in a 100-mL volumetric flask, dilute with water to volume,
and mix. Pass through a 0.45-mm membrane filter. Use fresh, or store
in a freezer, thaw in hot water, and mix.
Standard preparation—Dissolve an accurately weighed quantity

of USP Beta Cyclodextrin RS in water, and dilute quantitatively with
water to obtain a solution having a known concentration of about 10
mg per mL. Use fresh, or store in a freezer, thaw in hot water, and
mix. Mix 1.0 mL of this solution with 1.0 mL of Internal standard
solution.
System suitability preparation—Prepare a solution in water

containing about 5 mg per mL each of USP Alpha Cyclodextrin
RS and USP Beta Cyclodextrin RS. Pass through a 0.45-mm
membrane filter.
Assay preparation—Transfer about 1 g of Betadex, accurately

weighed, to a 100-mL volumetric flask, dissolve in and dilute with
water to volume, and mix. Pass this solution through a 0.45-mm
membrane filter. Mix 1.0 mL with 1.0 mL of Internal standard
solution.
Chromatographic system (see Chromatography h621i)—The

chromatograph is equipped with a refractive index detector, a 4.6-
mm 6 25-cm column that contains 10-mm packing L8, and a guard
column that contains packing L8. The columns and, if necessary, the
detector are maintained at a constant temperature of about 25+ 28,
and the flow rate is about 2.0 mL per minute. If the detector or the
columns are operated at a temperature other than 25+ 28, the system
also must be shown to meet all system suitability requirements.
Chromatograph the System suitability preparation, and record the
peak responses as directed for Procedure: the alpha cyclodextrin and
beta cyclodextrin peaks exhibit baseline separation, the relative
retention times being about 0.8 and 1.0, respectively; and the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Assay preparation and the Standard preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of (C6H10O5)7 in the
portion of Betadex taken by the formula:

100C(RU /RS)

in which C is the concentration, in mg per mL, of anhydrous beta
cyclodextrin in the Standard preparation, as determined from the
concentration of USP Beta Cyclodextrin RS, corrected for moisture
content by a titrimetric water determination; and RU and RS are the
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peak response ratios of the beta cyclodextrin peak to the internal
standard peak obtained from the Assay preparation and the Standard
preparation, respectively.

~Mobile phase—Prepare a filtered and degassed mixture of

water and methanol (93 : 7). Make adjustments if necessary

(see System Suitability under Chromatograph h621i).

System suitability preparation—Dissolve accurately

weighed quantities of USP Alpha Cyclodextrin RS, USP

Beta Cyclodextrin RS, and USP Gamma Cyclodextrin RS in

water, and dilute if necessary, to obtain a solution having

known concentrations of 0.5 mg of each per mL for USP

Alpha Cyclodextrin RS and USP Beta Cyclodextrin RS, each

calculated on the anhydrous basis, and 0.5 mg per mL for

USP Gamma Cyclodextrin RS, calculated on the dried basis.

Standard preparation—Dissolve an accurately weighed

quantity of USP Beta Cyclodextrin RS in water to obtain

a solution having a known concentration of about 1.0 mg per

mL, calculated on the anhydrous basis.

Assay stock preparation—Transfer 250 mg of Betadex,

accurately weighed, to a 25-mL volumetric flask, and dissolve

in water, with the aid of heat, if necessary. Cool, and dilute

with water to volume.

Assay preparation—Transfer 5.0 mL of the Assay stock

preparation to a 50-mL volumetric flask, and dilute with

water to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive index

detector and a 4.6-mm 6 15-cm column that contains 5-mm

packing L1. The temperature for the refractive index detector

is maintained at 408, and the temperature for the analytical

column is maintained at 308. The flow rate is about 1.5 mL

per minute. Chromatograph the System suitability prepara-

tion, and identify the components based on their relative

retention times, which are 0.4, 0.5, and 1.0 for gamma

cyclodextrin, alfadex, and betadex, respectively. Record the

peak responses as directed for Procedure: the resolution, R,

between the gamma cyclodextrin and alfadex peaks is not less

than 1.5; the tailing factors for the three cyclodextrins are

between 0.8 and 2.0; and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

(C6H10O5)7 in the portion of Betadex taken by the formula:

100(10)6(25){C / [W(1 – 0.01A)]}(rU / rS)

in which 10 is a dilution factor for preparing the Assay

preparation from the Assay stock preparation; 25 is the

volume, in mL, of the Assay stock preparation; C is the

concentration, in mg per mL, of USP Beta Cyclodextrin RS in

the Standard preparation; W is the weight, in mg, of Betadex

taken to prepare the Assay stock preparation; A is the

percentage ofWater in the Betadex taken; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.~NF27

BRIEFING

Butylated Hydroxytoluene, USP 30 page 1074. On the basis of
comments received, it is proposed to update the Identification test to
reflect the use of a Reference Standard by IR spectroscopy for
comparison purposes. Additionally, it is proposed to add a Related
compounds test, based on the Related substances test appearing in
the Butylated Hydroxytoluene monograph in the European Phar-
macopoeia 5.8 and submitted data. Interested parties are encouraged
to comment on the proposal.

(EM1: R. Lafaver) RTS— C56654

Add the following:

~USP Reference standards h11i—USP Butylated Hydroxy-

toluene RS.~NF27

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
130 IN-PROCESS REVISION Vol. 34(1) [Jan.–Feb. 2008]



Change to read:

Identification— To 10 mL of a solution in methanol (1 in 100,000)
add 10 mL of water, 2 mL of sodium nitrite solution (3 in 1000), and
5 mL of dianisidine dihydrochloride solution (1 in 500), prepared by
dissolving 200 mg of dianisidine dihydrochloride in a mixture of 40
mL of methanol and 60 mL of 1N hydrochloric acid: an orange-red
color develops within 3 minutes. Add 5 mL of chloroform, and
shake: the chloroform layer exhibits a purple or magenta color,
which fades when exposed to light.

~Infrared Absorption h197Ki, on undried specimen.~NF27

Add the following:

~Related compounds—

Potassium ferricyanide solution—Dissolve 50 mg of

potassium ferricyanide in water to 10 mL.

Ferric chloride solution—Dissolve 105 mg of ferric

chloride in water to 10 mL.

Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture.

Test solution—Dissolve an accurately weighed quantity of

Butylated Hydroxytoluene in methanol to obtain a solution

having a concentration of about 20 mg per mL.

Reference solution—Dilute 1 mL of the Test solution with

methanol to 200 mL.

Procedure—Apply separately 10 mL of the Test solution

and the Reference solution to a suitable thin-layer chromat-

ographic plate (see Chromatography h621i), and allow to dry.

Place the plate in a chromatographic chamber, and develop

the chromatograms in methylene chloride until the solvent

front has moved about three-fourths of the length of the plate.

Remove the plate from the chamber. Allow the plate to dry.

Spray the plate with a freshly prepared mixture of Potassium

ferricyanide solution, Ferric chloride solution, and water

(10 : 20 : 70). Observe the spots: any spot in the chromato-

gram obtained from the Test solution, apart from the principal

spot, is not more intense than the spot in the chromatogram

obtained from the Reference solution (0.5%).~NF27

BRIEFING

Carbomer 934, NF 25 page 1080—See briefing under Carbomer
934P.

(EM2: H. Wang) RTS—C55243

Carbomer 934

Change to read:

(Any article currently titled Carbomer 934 that is manufactured
without the use of benzene will be officially titled Carbomer
Homopolymer after January 1, 2011,

~

and will meet the requirements of the new

Carbomer Homopolymer monograph after January

1, 2007.)~NF27

Change to read:

» Carbomer 934 is a high molecular weight polymer of
acrylic acid cross-linked with allyl ethers of sucrose.
Carbomer 934, previously dried in vacuum at 808 for
1 hour, contains not less than 56.0 percent and not more
than 68.0 percent of carboxylic acid (–COOH) groups.
The viscosity of a neutralized 0.5 percent aqueous
dispersion of Carbomer 934 is between 30,500 and
39,400 centipoises.

~mPa � s.~NF27

~[NOTE—The heading of this monograph does not

constitute the official title for Carbomer 934

manufactured without the use of benzene. When

benzene is not used in the manufacturing process,

the name of the article will be Carbomer Homo-

polymer and will meet the requirements of the

Carbomer Homopolymer monograph.]~NF27

Change to read:

Packaging and storage—Preserve in tight containers.

~No storage requirements specified.~NF27

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(1) [Jan.–Feb. 2008] IN-PROCESS REVISION 131



Change to read:

Viscosity—Proceed as directed in the test for Viscosity under
Carbomer 934P. It is between 30,500 and 39,400 centipoises.

~mPa � s.~NF27

BRIEFING

Carbomer 934P, NF 25 page 1081; Carbomer 940, NF 25 page
1082; Carbomer 941, NF 25 page 1082; Carbomer 934, NF 25
page 1080. On the basis of comments received, it is proposed to
make the following revisions to the Carbomer 934P monograph:
1. Clarify the monograph title for the application of the Carbomer

monographs.
2. Add a Note to indicate a separate monograph for Carbomer

Homopolymer.
3. Specify storage conditions in the Packaging and storage

section.
4. Under Viscosity, revise the dimensions of the cylinder and the

spindle to make them less restrictive.
Similar revisions are proposed for the monographs for Carbomer

940, Carbomer 941, and Carbomer 934.
Additionally, several editorial changes have been made.

(EM2: H. Wang) RTS—C55239

Carbomer 934P

Change to read:

(Any article currently titled Carbomer 934P that is manufactured
without the use of benzene will be officially titled Carbomer
Homopolymer after January 1, 2011,

~and will meet the requirements of the new Carbo-

mer Homopolymer monograph after January 1,

2007.)~NF27

Change to read:

» Carbomer 934P is a high molecular weight polymer of
acrylic acid cross-linked with allyl ethers of sucrose or
pentaerythritol. Carbomer 934P, previously dried in
vacuum at 808 for 1 hour, contains not less than 56.0
percent and not more than 68.0 percent of carboxylic
acid (–COOH) groups. The viscosity of a neutralized
0.5 percent aqueous dispersion of Carbomer 934P is
between 29,400 and 39,400 centipoises

~mPa � s.

[NOTE—The heading of this monograph does not

constitute the official title for Carbomer 934P

manufactured without the use of benzene. When

benzene is not used in the manufacturing process,

the name of the article will be Carbomer Homo-

polymer and will meet the requirements of the

Carbomer Homopolymer monograph.]~NF27

Change to read:

Packaging and storage—Preserve in tight containers.

~No storage requirements specified.~NF27

Change to read:

Viscosity h911i—Carefully add 2.50 g, previously dried in a vacuum
at 808 for 1 hour, to 500 mL of water in a 1000-mL beaker, while
stirring continuously at 1000+ 10 rpm, with the stirrer shaft set at
an angle of 608 and to one side of the beaker, with the propeller
positioned near the bottom of the beaker. Allow 45 to 90 seconds for
addition of the test preparation at a uniform rate, being sure that
loose aggregates of powder are broken up, and continue stirring at
1000+ 10 rpm for 15 minutes. Remove the stirrer, and place the
beaker containing the dispersion in a 25+ 0.28

~25+ 0.18~NF27
water bath for 30 minutes. Insert the stirrer to a depth necessary to
ensure that air is not drawn into the dispersion, and, while stirring at
300+ 10 rpm, titrate (see Titrimetry h541i) with a calomel-glass
electrode system to a pH of between 7.3 and 7.8 by adding sodium
hydroxide solution (18 in 100) below the surface, determining the
endpoint potentiometrically. The total volume of sodium hydroxide
solution (18 in 100) used is about 6.2 mL. Allow 2 to 3 minutes
before final pH determination. [NOTE—If the final pH exceeds 7.8,
discard the mucilage, and prepare another using a smaller amount of
sodium hydroxide for titration.] Return the neutralized mucilage to
the 258 water bath for 1 hour, then perform the viscosity
determination without delay to avoid slight viscosity changes that
occur 75 minutes after neutralization. Equip a suitable rotational
viscosimeter with a spindle having a cylinder 1.47 cm in diameter
and 0.16 cm high attached to a shaft 0.32 cm in diameter, the
distance from the top of the cylinder to the lower tip of the shaft
being 3.02 cm, and the immersion depth being 4.92 cm (No.
6 spindle). With the spindle rotating at 20 rpm, observe and record
the scale reading. Calculate the viscosity, in centipoises, by
multiplying the scale reading by the constant for the spindle used
at 20 rpm.

~Stir for 2 to 3 minutes until neutralization is complete. Then

determine the final pH. [NOTE—If the pH is below 7.3, raise it

with additional sodium hydroxide. If it is above 7.8, discard

the mucilage, and prepare another using a smaller amount of

sodium hydroxide for titration.] Return the neutralized

mucilage to the 258 water bath for one hour. Measure the

pH again and make certain that the mucilage pH is between

7.3 and 7.8. Perform the viscosity determination without

delay to avoid slight viscosity changes that occur 75 minutes

after neutralization. Equip a validated rotational viscometer

with a spindle having a cylinder 1.5 cm in diameter and 0.2

1 Available as an RV6 spindle from Brookfield, or the equivalent.
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cm high attached to a shaft 0.3 cm in diameter, the distance

from the top of the cylinder to the lower tip of the shaft being

3.0 cm, and the immersion depth being 4.9 cm1. With the

spindle rotating at 20 rpm, observe and record the scale

reading. Calculate the viscosity, in mPa � s, by multiplying the

scale reading by the constant for the spindle used at 20 rpm.

The viscosity is between 29,400 and 39,400 mPa � s.~NF27

BRIEFING

Carbomer 940, NF 25 page 1082—See briefing under Carbomer
934P.

(EM2: H. Wang) RTS—C55240

Carbomer 940

Change to read:

(Any article currently titled Carbomer 940 that is manufactured
without the use of benzene will be officially titled Carbomer
Homopolymer after January 1, 2011,

~and will meet the requirements of the new Carbo-

mer Homopolymer monograph after January 1,

2007.)~NF27

Change to read:

» Carbomer 940 is a high molecular weight polymer of
acrylic acid cross-linked with allyl ethers of pentaeryth-
ritol. Carbomer 940, previously dried in vacuum at 808
for 1 hour, contains not less than 56.0 percent and not
more than 68.0 percent of carboxylic acid (–COOH)
groups. The viscosity of a neutralized 0.5 percent
aqueous dispersion of Carbomer 940 is between 40,000
and 60,000 centipoises.

~mPa � s.

[NOTE—The heading of this monograph does not

constitute the official title for Carbomer 940

manufactured without the use of benzene. When

benzene is not used in the manufacturing process,

the name of the article will be Carbomer Homo-

polymer and will meet the requirements of the

Carbomer Homopolymer monograph.]~NF27

Change to read:

Packaging and storage—Preserve in tight containers.

~No storage requirements specified.~NF27

Change to read:

Viscosity—Proceed as directed in the test for Viscosity under
Carbomer 934P, except to use a spindle having a shaft 0.32 cm in
diameter, the distance from the top of the shaft to the lower tip of the
shaft being 5.04 cm, and the immersion depth being 5.6 cm (No.
7 spindle).

~having a shaft about 0.3 cm in diameter, the distance from

the top of the shaft to the lower tip of the shaft being 5.0 cm,

and the immersion depth being 5.5 cm.1~NF27
The viscosity is between 40,000 and 60,000 centipoises.

~mPa � s.~NF27

BRIEFING

Carbomer 941, NF 25 page 1082—See briefing under Carbomer
934P.

(EM2: H. Wang) RTS—C55241

Carbomer 941

Change to read:

(Any article currently titled Carbomer 941 that is manufactured
without the use of benzene will be officially titled Carbomer
Homopolymer after January 1, 2011,

~

and will meet the requirements of the new

Carbomer Homopolymer monograph after January

1, 2007.)~NF27

Change to read:

» Carbomer 941 is a high molecular weight polymer of
acrylic acid cross-linked with allyl ethers of pentaeryth-
ritol. Carbomer 941, previously dried in vacuum at 808
for 1 hour, contains not less than 56.0 percent and not
1 Available as an RV7 spindle from Brookfield, or the equivalent.
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more than 68.0 percent of carboxylic acid (–COOH)
groups. The viscosity of a neutralized 0.5 percent
aqueous dispersion of Carbomer 941 is between 4000
and 11,000 centipoises.

~mPa � s.

[NOTE—The heading of this monograph does not

constitute the official title for Carbomer 941

manufactured without the use of benzene. When

benzene is not used in the manufacturing process,

the name of the article will be Carbomer Homo-

polymer and will meet the requirements of the

Carbomer Homopolymer monograph.]~NF27

Change to read:

Packaging and storage—Preserve in tight containers.

~No storage requirements specified.~NF27

Change to read:

Viscosity—Proceed as directed in the test for Viscosity under
Carbomer 934P, except to use a spindle having a disk 2.11 cm in
diameter and 0.16 cm high attached to a shaft 0.32 cm in diameter,
the distance from the top of the disk to the lower tip of the shaft
being 2.7 cm, and the immersion depth being 4.92 cm (No.
5 spindle).

~except to use a spindle having a disk about 2.1 cm in

diameter and 0.2 cm high, attached to a shaft 0.3 cm in

diameter, the distance from the top of the disk to the lower tip

of the shaft being 2.7 cm, and the immersion depth being 4.9

cm1.~NF27
The viscosity is between 4000 and 11,000 centipoises.

~mPa � s.~NF27

BRIEFING

Carbomer Copolymer, NF 25 page 1083 and page 4051 of the
Second Supplement. On the basis of comments received, it is
proposed to make the following revisions:
1. Revise the NOTE in the Definition.
2. Revise the Labeling section.
3. Under Viscosity, revise the dimensions of the cylinders and

spindles to make them less restrictive. For spindle 7, change the
previous incorrect dimension E to 5.5. Make additional
clarifications in the procedure.

4. Delete the NOTE in the test for Limit of benzene.
5. Clarify the calculation in the test for Limit of acrylic acid.

In addition, minor editorial changes have been made.

(EM2: H. Wang) RTS—C57717

Change to read:

» Carbomer Copolymer is a high molecular weight
copolymer of acrylic acid and a long chain alkyl
methacrylate cross-linked with allyl ethers of polyalco-
hols.

[NOTE—The heading of this monograph does not
constitute the official title for a Carbomer Copolymer
manufactured with the use of benzene. When benzene is
used in the manufacturing process, the name will be
Carbomer 1342, provided it complies with the existing
requirements in the Carbomer 1342 monograph.
Different types of Carbomer Copolymers may not
have identical properties with respect to their use for
specific pharmaceutical purposes, e.g., as controlled-
release agents, bioadhesives, topical gels, thickening
agents, and emulsifying agents. Therefore, different
types of Carbomer Copolymers should not be inter-
changed unless performance equivalency has been
ascertained.~~NF27]

Change to read:

Labeling—If benzene has been used in the manufacturing process,
the name of the article will be Carbomer 1342, provided it complies
with and is labeled in accordance with the requirements set forth in
that monograph. If benzene is not used in the manufacturing process,
label it to indicate whether it is Type A, B, or C; and label it to state
the measured viscosity,

~giving the type of viscosity parameter, concentration of the

solution and the type of equipment used,~NF27
the solvent or solvents used in the polymerization process, and the
nominal and residual solvent levels for each solvent.

Change to read:

Viscosity h911i—Carefully add 5.00 g of Carbomer Copolymer,
previously dried in vacuum at 808 for 1 hour, to 500 mL of water in
a 1000-mL beaker, while stirring continuously at 1000+ 50 rpm,
with the stirrer shaft set to one side of the beaker at an angle of 608
and the propeller positioned near the bottom of the beaker. The
stirrer used is a three-blade, 2-inch diameter marine impeller. Add
the Carbomer Copolymer at a uniform rate over a period of 45 to 90
seconds, being sure that loose aggregates of powder are broken up,
and continue stirring at 1000+ 50 rpm for 15 minutes. Remove the
stirrer, and place the beaker containing the dispersion in a 25+ 28

~25+0.18~NF27
water bath for 30 minutes. Insert a paddle stirrer to a depth necessary
to ensure that air is not drawn into the dispersion, and while stirring
at 300+ 25 rpm, titrate potentiometrically (see Titrimetry h541i)
with a calomel–glass electrode system to a pH between 7.3 and 7.8
by adding sodium hydroxide solution (18 in 100) below the surface.
The total volume of sodium hydroxide solution used is about 11 mL.
Allow 2 to 3 minutes before the final pH determination. [NOTE—If
the final pH exceeds 7.8, discard the mucilage, and prepare another
using less sodium hydroxide for neutralization.] Return the beaker
containing the neutralized mucilage to the 25+ 28 water bath for
1 hour. Using a rotational viscosimeter equipped with a suitable
spindle at a spindle immersion depth as defined in the accompanying1 Available as an RV5 spindle from Brookfield, or the equivalent.
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table (where A is the cylinder diameter, in cm; B is the cylinder
height, in cm; C is the shaft diameter, in cm; D is the distance, in cm,
from the top of the cylinder to the lower tip of the shaft; and E is the
spindle immersion depth, in cm), perform the viscosity determina-
tion without delay to avoid slight viscosity changes that occur 75
minutes after neutralization.

~Stir 2 to 3 minutes until neutralization is complete. Then

determine the final pH. [NOTE—If the pH is below 7.3, raise

the pH with additional sodium hydroxide. If it is above 7.8,

discard the mucilage, and prepare another batch, using

a smaller amount of sodium hydroxide for titration.] Return

the beaker containing the neutralized mucilage to the

25+ 0.18 water bath for 1 hour. Measure the pH again,

making certain that the mucilage pH is between 7.3 and 7.8.

Using a rotational viscometer equipped with a suitable

spindle at a spindle immersion depth as defined in Table

1 (where A is the cylinder diameter, in cm; B is the cylinder

height, in cm; C is the shaft diameter, in cm; D is the distance,

in cm, from the top of the cylinder to the lower tip of the

shaft; and E is the spindle immersion depth, in cm), perform

the viscosity determination without delay to avoid the slight

viscosity changes that occur 75 minutes after neutralization.
~NF27

With the spindle rotating at 20 rpm, observe and record the scale
reading. Calculate the viscosity, in millipascal seconds, by
multiplying the scale reading by the constant for the spindle used
at 20 rpm. The viscosity value so obtained is within the limits
specified in the accompanying table.

~ Table 2.~NF27

Table 2

Carbomer Copolymer 1% Viscosity Specification

~(mPa � s)~NF27

A 4500–13,500
B 10,000–29,000
C 25,000–45,000

Change to read:

Limit of benzene—[NOTE—This test does not apply to articles
labeled Carbomer 1342. Those articles meet a different set of
requirements for Limit of benzene found in the monograph for
Carbomer 1342.]

~

~NF27
Solvent solution—Dissolve an accurately weighed quantity of

benzene quantitatively in dimethyl sulfoxide to obtain a solution
having a concentration of about 1.0 mg per mL. Dilute this solution
quantitatively, and stepwise if necessary, with organic-free water (see
Organic Volatile Impurities h467i; after July 1, 2007, see Residual
Solvents h467i) to obtain a solution having a concentration of about
0.1 mg per mL.
Test solution—Transfer about 50 mg of Carbomer Copolymer,

accurately weighed, to a 10-mL volumetric flask. Add about 7.5 mL
of sodium chloride solution (2 in 100), and mix by mechanical
means until homogeneous (usually about 30 minutes). Dilute with
sodium chloride solution (2 in 100) to volume, and mix until
homogeneous (usually less than 1 minute). [NOTE—This preparation
must be analyzed within 3 hours of preparation.]
Reference solution—Transfer about 50 mg of Carbomer Copol-

ymer, accurately weighed, to a 10-mL volumetric flask. Add about
7.5 mL of sodium chloride solution (2 in 100), and mix by
mechanical means until homogeneous (usually about 30 minutes).
Add 1.0 mL of the Solvent solution, dilute with sodium chloride
solution (2 in 100) to volume, and mix until homogeneous (usually
less than 1 minute). This solution contains about 0.01 mg of benzene
per mL.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a headspace injector, a flame-
ionization detector, and a 0.53-mm 6 30-m fused silica analytical
column coated with a 3.0-mm G43 stationary phase. The carrier gas
is helium flowing at a linear velocity of about 35 cm per second, and
the split ratio is 1 : 5. The injection port and detector temperatures are
maintained at 1408 and 2508, respectively. The chromatograph is
programmed as follows: Initially the temperature of the column is
maintained at 408 for 20 minutes after injection, then the temperature
increased at a rate of 108 per minute to 2408, and maintained at 2408
for 20 minutes. [NOTE—The following headspace conditions may be
used: a pressurization time of 30 seconds and a transfer line
temperature of 908.] The vials are maintained at a temperature of 808
for 60 minutes prior to headspace injection. Chromatograph the
Reference solution, and record the peak responses as directed for
Procedure: the relative standard deviation for three replicate
injections is not more than 15%.
Procedure—Transfer 10.0 mL each of the Reference solution and

the Test solution to separate headspace vials. Close the vials with
a tight rubber membrane stopper coated with polytetrafluoroethyl-
ene, and secure with an aluminum crimped cap. Shake to obtain
a homogeneous dispersion. Separately inject equal volumes (about
1 mL) of the gaseous phase of the Reference solution and the Test
solution into the chromatograph, record the chromatograms, and
measure the areas for the benzene peaks. Calculate the percentage of
benzene in the portion of Carbomer Copolymer taken by the
formula:

(C/W)(rU / rS)

in which C is the concentration, in mg per mL, of benzene in the
Reference solution; W is the weight, in mg, of Carbomer Copolymer
taken to prepare the Test solution; and rU and rS are the benzene peak
area responses obtained from the Test solution and the Reference
solution, respectively: &The response of the benzene peak obtained
from the Test solution is not greater than half of the benzene peak
response obtained from the Reference solution:&2S (NF25) not more
than 0.0002% is found.

Visc. Ranges, in cPa Spindle No. A B C D E Multiplier

100–400 1 5.626 2.248 0.32 2.697 6.112 5
400–1600 2 4.693 0.165 0.32 2.697 4.921 20
1000–4000 3 3.469 0.165 0.32 2.697 4.921 50
2000–8000 4 2.730 0.165 0.32 2.697 4.921 100
4000–16,000 5 2.114 0.165 0.32 2.697 4.921 200

10,000–40,000 6 1.462 0.157 0.32 3.017 4.921 500
40,000–160,000 7 — — 0.32 — 5.037 2,000
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Change to read:

Limit of acrylic acid—
pH 3.0 Phosphate buffer—Dissolve 6.80 g of monobasic potas-

sium phosphate in about 300 mL of water, dilute with water to 500
mL, and mix. Dilute 100 mL of this solution with water to 1 L,
adjust with phosphoric acid to a pH of 3.0+ 0.1, and mix.
Mobile phase—Use filtered and degassed pH 3.0 Phosphate

buffer.
Standard solution—Dissolve an accurately weighed quantity of

acrylic acid in water, and dilute quantitatively, and stepwise if
necessary, to obtain a solution having a known concentration of
about 0.1 mg per mL. Dilute this solution quantitatively, and
stepwise if necessary, with water to obtain a solution having a known
concentration of about 25 mg per mL.
Test solution—Transfer about 100 mg of Carbomer Copolymer,

accurately weighed, to a tared serum vial. Add water to obtain about
10.0 g

~10.0 mL~NF27
of solution. Cap the vial, and shake by mechanical means for
2 hours. Add 2 drops of sodium hydroxide solution (5 in 10), and
shake by hand for 15 seconds. Add 1.0 mL of calcium chloride
solution (1 in 10), and shake until the gel collapses. Centrifuge for
15 minutes, and use the clear supernatant.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 200-nm detector and an
8-mm 6 10-cm column that contains packing L1. The flow rate is
about 1 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the relative
standard deviation for replicate injections is not more than 5%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the responses for the acrylic
acid peaks. Calculate the percentage of free acrylic acid in the
portion of Carbomer Copolymer taken by the formula:

(C/W)(rU / rS)

~100 (V / 1000) (C/W)(rU / rS)~NF27

in which

~V is the volume, in mL, of the Test solution; 1000 is the

factor for converting mg to mg;~NF27
C is the concentration, in mg per mL, of acrylic acid in the Standard
solution; W is the weight, in mg, of Carbomer Copolymer taken to
prepare the Test solution; and rU and rS are the acrylic acid peak
responses obtained from the Test solution and the Standard solution,
respectively: not more than 0.25% is found.

BRIEFING

Carbomer Homopolymer, NF 25 page 1084. On the basis of
comments received, it is proposed to make the following revisions.
1. Revise the NOTE in the Definition.
2. Revise the Labeling section to specify the type of viscosity

parameter, the concentration of the solution, and the type of
equipment used, as they are associated with measured viscosity
value.

3. Clarify the test for Viscosity.
4. Change the chapter number for Residue on ignition to h281i.
5. Revise the calculation in the test for Limit of benzene.
6. Clarify the calculation in the test for Limit of acrylic acid.
In addition, several editorial changes have been made.

(EM2: H. Wang) RTS—C55238

Carbomer Homopolymer

(Title for this new monograph—to become official January 1,
2011)
(Prior to January 1, 2011, the current practice of labeling the
article of commerce with the name Carbomer 934, Carbomer
934P, Carbomer 940, or Carbomer 941, whichever is appropriate,
may be continued.)

Change to read:

» Carbomer Homopolymer is a high molecular weight
polymer of acrylic acid cross-linked with allyl ethers of
polyalcohols. Carbomer Homopolymer, previously
dried, contains not less than 56.0 percent and not
more than 68.0 percent of carboxylic acid (–COOH)
groups. [NOTE—

~This monograph applies to, but is not limited to,

Carbomer 934, Carbomer 934P, Carbomer 940, and

Carbomer 941 manufactured without benzene.~NF27

The heading of this monograph does not constitute the
official title for a Carbomer Homopolymer manufac-
tured with the use of benzene. When benzene is used in
the manufacturing process, the name of the article will

~Table 1

Viscosity Ranges (mPa � s) Spindle No. A B C D E Multiplier

100–400 1 5.6 2.2 0.3 2.7 6.1 5

400–1600 2 4.7 0.2 0.3 2.7 4.9 20

1000–4000 3 3.5 0.2 0.3 2.7 4.9 50

2000–8000 4 2.7 0.2 0.3 2.7 4.9 100

4000–16,000 5 2.1 0.2 0.3 2.7 4.9 200

10,000–40,000 6 1.5 0.2 0.3 3.0 4.9 500

40,000–160,000 7 — — 0.3 — 5.5 2,000

~NF27
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be Carbomer 934, Carbomer 934P, Carbomer 940, or
Carbomer 941, whichever is appropriate. Carbomer
Homopolymer obtained from different manufacturers or
produced in different solvents with different manufac-
turing processes may not have identical properties with
respect to its use for specific pharmaceutical purposes,
e.g., as tablet controlled-release agents, bioadhesives,
topical gellants, etc. Therefore, types of Carbomer
Homopolymer should not be interchanged unless
performance equivalency has been ascertained.

~

~NF27]

Change to read:

Labeling—If benzene has been used in the manufacturing process,
the name of the article will be Carbomer 934, Carbomer 934P,
Carbomer 940, or Carbomer 941, whichever is appropriate. In
addition, when benzene is used, the labeling requirements for the
referenced individual Carbomer are applicable. If benzene is not
used in the manufacturing process, label

~Label~NF27
it to indicate whether it is Type A, B, or C; and also to state the
measured viscosity,

~ giving the type of viscosity parameter, the concentration of

the solution, and the type of equipment used;~NF27
the solvent or solvents used in the polymerization process; and the
nominal and residual solvent levels for each solvent.

Change to read:

Viscosity h911i—Carefully add 2.50 g of the resin, which has been
previously dried, to 500 mL of water in a 800-mL beaker, while
stirring continuously at 1000+ 50 rpm. The stirrer shaft is set at an
angle of 608 and positioned at one side of the beaker, and the
propeller is positioned near the bottom of the beaker. The stirrer used
should be a three-blade, 2-inch marine impeller. Add Carbomer
Homopolymer at a uniform rate over a period of 45 to 60 seconds,
being sure that loose aggregates of powder are broken up, and
continue stirring at 1000+ 50 rpm for 15 minutes. [NOTE—Proper
dispersion of the Carbomer Homopolymer resin is imperative for
accurate viscosity readings.] Remove the stirrer, and allow the
beaker containing the dispersion to stand at controlled room
temperature for 30 minutes. Insert a paddle stirrer to a depth
necessary to ensure that the air is not drawn into the dispersion, and
while stirring at 300+ 25 rpm, titrate potentiometrically (see
Titrimetry h541i) with sodium hydroxide solution (18 in 100) to
the pH indicated on the label.

~a pH of between 7.3 and 7.8.~NF27
(For example, if the pH is 7.3, then the total volume of sodium
hydroxide would be about 5.4 mL.)

~

~NF27
After adding the sodium hydroxide solution, stir with a paddle mixer
at 300+ 25 rpm for 2 to 3 minutes. [NOTE—After neutralization,
care must be taken to avoid excessively high shearing, as aggressive
mixing will break the polymer chains and reduce the viscosity
reading.]Take the final pH reading with a pH meter. If the final pH
exceeds that indicated on the label, discard the mucilage, and prepare
another using a smaller amount of sodium hydroxide for titration.

Place the neutralized mucilage into a water bath maintained at
25+ 28 for 1 hour, then perform the viscosity determination without
delay.

~Take the final pH reading with a pH meter to make sure it is

between 7.3 and 7.8. [NOTE—If the pH is below 7.3, raise the

pH with additional sodium hydroxide. If the pH is above 7.8,

discard the mucilage, and prepare another using a smaller

amount of sodium hydroxide for titration.] Place the

neutralized mucilage into a water bath maintained at 258 +

0.18 for 1 hour. Measure the pH again, and make certain the

mucilage pH is between 7.3 and 7.8. Perform the viscosity

determination without delay to avoid slight viscosity changes

occurring after 75 minutes of neutralization.~NF27

Equip a suitable rotational viscometer(i.e., a Brookfield RVT or
RVF viscometer)

~

~NF27
with a suitable spindle, as defined in the chart below. For spindle
dimensions, consult the table under Carbomer Copolymer.

Expected
Viscosity (cP)

~(mPa � s)~NF27

Spindle
Number Multiplier

100–400 1 5
400–1600 2 20
1000–4000 3 50
2000–8000 4 100
4000–16,000 5 200
10,000–40,000 6 500
40,000–160,000 7 2000

With the spindle rotating at 20 rpm, observe and record the scale
reading. Calculate the viscosity, in centipoise

~mPa � s,~NF27
by multiplying the scale reading by the multiplier defined in the table
above for the spindle used at 20 rpm. The viscosity values,
determined by the conditions specified herein, are within the limits
specified in the accompanying table.

Carbomer Homopoly-
mer

Viscosity Specified (cP)

~(mPa � s)~NF27

A 4,000–11,000
B 25,000–45,000
C 40,000–60,000

Change to read:

Residue on ignition h231i
~Residue on ignition h281i:~NF27
not more than 4.0%, determined on 1.0 g.

1 Available as a Brookfield RV viscometer, or the equivalent.
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Change to read:

Limit of benzene—[NOTE—This test does not apply to those articles
titled Carbomer 934, Carbomer 934P, Carbomer 940 or Carbomer
941. Those articles meet the requirements for Limit of benzene in
their respective individual monographs.]

~

~NF27
Solvent solution—Quantitatively dissolve an accurately weighed

quantity of benzene in dimethyl sulfoxide to obtain a solution having
a concentration of about 1.0 mg per mL. Dilute this solution
quantitatively, and stepwise if necessary, with organic-free water (see
Organic Volatile Impurities h467i, after July 1, 2007, see Residual
Solvents h467i) to obtain a solution having a concentration of about
0.1 mg per mL.
Test solution—Transfer about 50 mg of Carbomer Homopolymer,

accurately weighed, to a 10-mL volumetric flask. Add about 7.5 mL
of sodium chloride solution (2 in 100), and mix by mechanical
means until homogeneous (usually about 30 minutes). Dilute with
sodium chloride solution (2 in 100) to volume, and mix until
homogeneous (usually less than 1 minute). [NOTE—This preparation
must be analyzed within 3 hours of preparation.]
Reference solution—Transfer about 50 mg of Carbomer Homo-

polymer, accurately weighed, to a 10-mL volumetric flask. Add
about 7.5 mL of sodium chloride solution (2 in 100), and mix by
mechanical means until homogeneous (usually about 30 minutes).
Add 1.0 mL of the Solvent solution, dilute with sodium chloride
solution (2 in 100) to volume, and mix until homogeneous (usually
less than 1 minute). This solution contains about 0.01 mg of benzene
per mL.
Chromatographic system—Proceed as directed in the test for Limit

of benzene under Carbomer Copolymer.
Procedure—Proceed as directed in the test for Limit of benzene

under Carbomer Copolymer. Calculate the percentage of benzene in
the portion of Carbomer Homopolymer taken by the formula:

(C/W)(rU / rS)

in which C is the concentration, in mg per mL, of benzene in the
Reference solution; W is the weight, in mg, of Carbomer
Homopolymer taken to prepare the Test solution; and rU and rS are
the benzene peak responses obtained from the Test solution and the
Reference solution, respectively:

~The response of the benzene peak obtained from the Test

solution is not greater than half of the benzene peak response

obtained from the Reference solution:~NF27
not more than 0.0002% is found.

Change to read:

Limit of acrylic acid—
0.01M Phosphate buffer—Dissolve 1.361 g of monobasic potas-

sium phosphate in 1000 mL of water, and mix.
Solution A—Use 0.01M Phosphate buffer.
Solution B—Prepare a filtered and degassed mixture of 0.01M

Phosphate buffer and acetonitrile (1 : 1, v/v).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Solvent—Dissolve 25 g of potassium alum in 1000 mL of water,

and mix.
Standard solution—Dissolve an accurately weighed quantity of

acrylic acid in the Solvent, and dilute quantitatively, and stepwise if
necessary, to obtain a solution having a concentration of about 12.5
mg per mL.

Test solution—Mix about 100 mg of Carbomer Homopolymer,
accurately weighed, with Solvent, and add Solvent to obtain 20.0 mL
of suspension. Heat the suspension at 508 for 20 minutes with
occasional shaking. Then shake the suspension continuously at room
temperature for 60 minutes. Centrifuge and use the clear supernatant.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 205-nm detector and
a 4.6-mm 6 12-cm column that contains packing L1. The flow rate
is about 1 mL per minute. The chromatograph is programmed as
follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 100 0 equilibration
0–8 100 0 isocratic
8–9 100?0 0?100 linear gradient
9–20 0 100 isocratic
20–21 0?100 100?0 linear gradient
21–30 100 0 isocratic

Chromatograph the Standard solution, and record the peak responses
as directed for Procedure: the relative standard deviation for
replicate injections is not more than 5%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the response for the acrylic
acid peaks. Calculate the percentage of free acrylic acid in the
portion of Carbomer Homopolymer taken by the formula:

(C/W)(rU / rS)

~100 (V/1000)(C/W)(rU / rS)~NF27

in which

~V is the volume, in mL, of the Test solution; 1000 is the

conversion factor converting mg to mg;~NF27
C is the concentration, in mg per mL, of acrylic acid in the Standard
solution; W is the weight, in mg, of Carbomer Homopolymer taken
to prepare the Test solution; and rU and rS are the acrylic acid
responses obtained from the Test solution and the Standard solution,
respectively: not more than 0.25% is found.

BRIEFING

Carbomer Interpolymer, NF 25 page 1086. On the basis of
comments received, it is proposed to make the following revisions:
1. Revise the NOTE in the Definition.
2. Revise the Labeling section.
3. Revise the calculation in the test for Limit of benzene.
4. Clarify the calculation in the test for Limit of acrylic acid.
In addition, minor editorial style changes have been made.

(EM2: H. Wang) RTS—C57718

Change to read:

» Carbomer Interpolymer is a carbomer homopolymer
or copolymer that contains a block copolymer of
polyethylene glycol and a long chain alkyl acid ester.
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NOTE—Different types of Carbomer Interpolymers
may not have identical properties with respect to their
use for specific pharmaceutical purposes, e.g., as tablet
controlled-release agents, bioadhesives, topical gels,
thickening agents, and emulsifying agents. Therefore,
different types of Carbomer Interpolymers should not be
interchanged unless performance equivalency has been
ascertained.

~

~NF27

Change to read:

Labeling—Label it to indicate whether it is Type A, B, or C. Also
label it to state the measured viscosity,

~giving the type of viscosity parameter, the concentration of

the solution, and the type of equipment used;~NF27
the solvent or solvents used in the polymerization process; and the
nominal and measured residual solvent levels for each solvent.

Change to read:

Viscosity h911i—
Carbomer Interpolymer A—Proceed as directed for Viscosity

under Carbomer Copolymer, except to perform the test on a 0.5%
aqueous dispersion prepared by using 2.50 g instead of 5.00 g of
copolymer.
Carbomer Interpolymer B—Proceed as directed for Viscosity

under Carbomer Copolymer, except to adjust the pH of the
dispersion to a range of 5.8 to 6.3 instead of 7.3 to 7.8.
Carbomer Interpolymer C—Proceed as directed for Viscosity

under Carbomer Copolymer, except to perform the test on a 0.5%
aqueous dispersion prepared by using 2.50 g instead of 5.00 g of
copolymer and to adjust the pH of the dispersion to a range of 5.8 to
6.3 instead of 7.3 to 7.8. The viscosity values, determined by the
conditions specified herein, are within the limits specified in the
accompanying table.

Carbomer Interpolymer Viscosity Specifications, in cP

~(mPa � s)~NF27

A 45,000–65,000
B 47,000–77,000
C 8,500–16,500

Change to read:

Limit of benzene—
Solvent solution—Quantitatively dissolve an accurately weighed

quantity of benzene in dimethyl sulfoxide to obtain a solution having
a concentration of about 1.0 mg per mL. Dilute this solution
quantitatively, and stepwise if necessary, with organic-free water (see
Organic Volatile Impurities h467i; after July 1, 2007, see Residual
Solvents h467i) to obtain a solution having a concentration of about
0.1 mg per mL.
Test solution—Transfer about 50 mg of Carbomer Interpolymer,

accurately weighed, to a 10-mL volumetric flask. Add about 7.5 mL
of sodium chloride solution (2 in 100), and mix by mechanical
means until homogeneous (usually about 30 minutes). Dilute with
sodium chloride solution (2 in 100) to volume, and mix until
homogeneous (usually less than 1 minute). [NOTE—This preparation
must be analyzed within 3 hours of preparation.]
Reference solution—Transfer about 50 mg of Carbomer Inter-

polymer, accurately weighed, to a 10-mL volumetric flask. Add
about 7.5 mL of sodium chloride solution (2 in 100), and mix by
mechanical means until homogeneous (usually about 30 minutes).

Add 1.0 mL of the Solvent solution, dilute with sodium chloride
solution (2 in 100) to volume, and mix until homogeneous (usually
less than 1 minute). This solution contains about 0.01 mg of benzene
per mL.
Chromatographic system—Proceed as directed in the test for Limit

of benzene under Carbomer Copolymer.
Procedure—Proceed as directed in the test for Limit of benzene

under Carbomer Copolymer. Calculate the percentage of benzene in
the portion of Carbomer Interpolymer taken by the formula:

(C/W)(rU / rS)

in which C is the concentration, in mg per mL, of benzene in the
Reference solution; W is the weight, in mg, of Carbomer
Interpolymer taken to prepare the Test solution; and rU and rS are
the benzene peak responses obtained from the Test solution and the
Reference solution, respectively:

~The benzene peak response obtained from the Test solution

is not greater than half of the benzene peak response obtained

from the Reference solution:~NF27
not more than 0.0002% is found.

Change to read:

Limit of acrylic acid—
pH 3.0 Phosphate buffer, Mobile phase, Standard solution, Test

solution, and Chromatographic system—Proceed as directed in the
test for Limit of acrylic acid under Carbomer Copolymer.
Procedure—Proceed as directed in the test for Limit of acrylic acid

under Carbomer Copolymer, except to calculate the percentage of
free acrylic acid in the portion of Carbomer Interpolymer taken by
the formula:

(C/W)(rU / rS)

~100 (V / 1000) (C/W)(rU / rS)~NF27

in which

~V is the volume, in mL, of the Test solution; 1000 is a factor

converting mg to mg;~NF27
W is the weight, in mg, of Carbomer Interpolymer taken to prepare
the Test solution; and the other terms are as defined therein: not more
than 0.25% is found.

BRIEFING

Methyl Alcohol. NF 25, page 1159. On the basis of comments
received, it is proposed to update the Assay to incorporate a capillary
GC-FID method with system suitability requirements. It is also
proposed to use this new method in the Identification test, which
would be an improvement on the current IR Identification method in
that the new method uses a Reference Standard for comparison
purposes. The column employed to develop and validate the new
procedure is a 0.32-mm 6 30-m fused-silica capillary coated with
a 1.8-mm layer of phase G43. The typical retention time for the
methyl alcohol peak is 2.1 minutes.

(EM1: R. Lafaver) RTS—C44048
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Add the following:

~USP Reference standards h11i— USP Acetone RS. USP

Methyl Alcohol RS.~NF27

Change to read:

Identification—The IR absorption spectrum of a thin film of it
between potassium bromide plates or zinc selenide cells exhibits
a broad, strong band at 2.7 mm to 3.2 mm, a strong maximum at
about 3.4 mm, a medium strong maximum at about 3.5 mm, a weak
region of absorption between 6.6 mm and 7.6 mm, and a very strong
maximum at about 9.7 mm.

~A: Infrared Absorption h197Fi.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.~NF27

Change to read:

Assay—Under typical conditions, the instrument is equipped with
a flame-ionization detector and a 3-mm 6 2-m stainless steel
column packed with 50- to 80-mesh S4. The temperatures of the
column, the injection port, and the detector are maintained at 1408,
2208, and 2508, respectively; and dry nitrogen is used as the carrier
gas, at a flow rate of 20 mL per minute. Inject about 1 mL of Methyl
Alcohol, and determine the peak responses by a convenient means.
The retention time of methyl alcohol is about 2.5 minutes and that of
acetone is about 7 minutes. Calculate the percentage of CH4O in the
Methyl Alcohol by dividing the response due to the methyl alcohol
by the sum of the responses for all the peaks, and multiplying by
100.

~System suitability solution—Dilute 1.0 mL of USP Methyl

Alcohol RS and 1.0 mL of USP Acetone RS with

tetrahydrofuran to 50 mL.

Internal standard solution—Prepare a 2% (v/v) acetonitrile

solution in tetrahydrofuran.

Standard preparation—Dilute 1.0 mL of USP Methyl

Alcohol RS, accurately measured, with Internal standard

solution to 50.0 mL .

Assay preparation—Dilute 1.0 mL of Methyl Alcohol,

accurately measured, with Internal standard solution to 50.0

mL.

Chromatographic system (see Chromatographyh621i)—

The gas chromatograph is equipped with a flame-ionization

detector, maintained at about 2808, and a 0.32-mm 6 30-m

fused-silica capillary column coated with a 1.8-mm layer of

phase G43. The carrier gas is helium with a linear velocity of

about 35 cm per second and a split ratio of 1 : 20. The column

temperature is set at 408, maintained at 408 for 5 minutes, and

then increased to 2408 over a period of 10 minutes. The

injection port temperature is maintained at 2008. Chromato-

graph the System suitability solution and Standard prepara-

tion, and record the peak responses as directed for Procedure:

the relative retention times are 1.0 for methyl alcohol, about

1.6 for acetone, and about 1.8 for acetonitrile; the resolution,

R, between the methyl alcohol and acetone peaks in the

System suitability solution is not less than 15; the tailing

factor for methyl alcohol from the System suitabilitiy

solutionis not more than 1.5; and the relative standard

deviation for replicate injections for the ratio of the peak area

response of methyl alcohol to acetonitrile in the Standard

preparation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 1 mL)

of the Standard preparation and Assay preparation into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the quantity, in mg, of methyl

alcohol in the portion of Methyl Alcohol taken by the

formula:

50C(RU /RS)

in which C is the concentration, in mg per mL, of USP

Methyl Alcohol RS in the Standard preparation; and RU and

RS are the peak area response ratios obtained from the Assay

preparation and the Standard preparation, respectively.~NF27

BRIEFING

Propylene Glycol Monolaurate, NF 25 page 1198. On the basis
of comments received, it is proposed to clarify the Propylene Glycol
Monolaurate Reference Standards to indicate the type (I or II).
Interested parties are encouraged to comment on the proposal.

(EM1: R. Lafaver) RTS—C54497
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Change to read:

USP Reference standards h11i—USP Propylene Glycol RS. USP
Propylene Glycol Monolaurate
~Type I~NF27
RS.

~USP Propylene Glycol Monolaurate Type II RS.~NF27

Change to read:

Identification—
A: Thin-Layer Chromatographic Identification Test h201i—
~Standard solution: 50 mg of USP Propylene Glycol

Monolaurate Type I RS (or USP Propylene Glycol Mono-

laurate Type II RS) per mL, in methylene chloride.~NF27

Test solution: 50 mg per mL, in methylene chloride.
Developing solvent solution: a mixture of hexane and ether

(30 : 70)
Spray reagent—Prepare a 0.1 mg per mL solution of rhodamine

6G in alcohol.
Procedure—Develop the chromatogram over a path of 15 cm, and

dry the plate in a current of air. Spray the plate with Spray reagent,
and locate the spots on the plate by examination under UV light at
a wavelength of 365 nm: the RF values of the principal spots
obtained from the Test solution correspond to those obtained from
the Standard solution

~respective Standard solution.~NF27

B: It complies with the requirements of the test for Fatty acid
composition.
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h11i USP Reference Standards, USP 30 page 37, page 3866 of
the Second Supplement, page 2022 of PF 29(6) [Nov.–Dec. 2003],
page 1674 of PF 30(5) [Sept.–Oct. 2004], page 507 of PF 31(2)
[Mar.–Apr. 2005], page 1154 of PF 31(4) [July–Aug. 2005], page
1433 of PF 31(5) [Sept.–Oct. 2005], page 1680 of PF 31(6)
[Nov.–Dec. 2005], page 181 of PF 32(1) [Jan.–Feb. 2006], page
407 of PF 32(2) [Mar.–Apr. 2006], page 1161 of PF 32(4) [July–
Aug. 2006], page 1491 of PF 32(5) [Sept.–Oct. 2006], page 1779
of PF 32(6) [Nov.–Dec. 2006], page 95 of PF 33(1) [Jan.–Feb.
2007], page 267 of PF 33(2) [Mar.–Apr. 2007], page 497 of PF
33(3) [May–June 2007], page 716 of PF 33(4) [July–Aug. 2007],
page 981 of PF 33(5) [Sept.–Oct. 2007] and page 1256 of PF
33(6) [Nov.–Dec. 2007].

(HDQ) RTS—C44537; C48868; C49303; C49306; C56772

Add the following:

~

USP rAlbumin Human RS(C2936H4624N786O889S41

66,438).~USP32

Add the following:

~

USP Alfuzosin Hydrochloride RS.~USP32

Add the following:

~

USP Alfuzosin System Suitability Mixture RS [Alfuzosin

Hydrochloride containing approximately 0.4% Impurity A (N-

[3-[(4-amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]-

propyl]furan-2-carboxamide); and about 0.4% Impurity D (N-

(4-amino-6,7-dimethoxyquinazolin-2-yl)-N-methylpropane-

1,3-diamine)].~USP32

Add the following:

~

USP Cabergoline RS.~USP32

Add the following:

~

USP Cefdinir Related Compound B RS [(6R,7R)-7-[2-(2-

amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabi-

c y c l o ] ( 4 , 2 , 1 ) ] o c t - 2 - e n e - 2 - c a r b o x y l i c a c i d ]

(C14H13N4O4S2 365.41).~USP32

Add the following:

~

USP Foscarnet Sodium RS.~USP32

Add the following:

~

USP F o s c a r n e t R e l a t e d C omp o u n d B RS

[disodium (ethoxyoxidophosphanyl)formate] (C3H5Na2O5P

198.02).~USP32

Add the following:

~

USP Foscarnet Related Compound D RS [O,O-diethyl

ethoxycarbonylphosphonate] (C7H15O5P 210.16).~USP32

Pharmacopeial Forum
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GENERAL CHAPTERS

General Tests and Assays

Chemical Tests and Assays

BRIEFING

h207i Test for 1,6-Anhydro Derivative for Enoxaparin
Sodium. This new test chapter provides the analytical procedure
to determine molar percentage of oligosaccharides bearing a 1,6-
anhydro ring at the reducing end in enoxaparin sodium. The HPLC
procedure was validated using the Waters Spherisorb SAX brand of
L14 column. Retention times for 1,6-anhydro derivatives are
expressed relative to the retention time of the main peak
corresponding to reduced �IS. The relative retention times for
1,6-Anhydro �IIS, 1,6-Anhydro �IS, and 1,6-Anhydro �IS-ISepi

are 0.59, 0.90, and 1.27, respectively.

(BB-BBP: A. Szajek) RTS—C57297

Add the following:

~h207i TEST FOR 1, 6-ANHYDRO
DERIVATIVE FOR ENOXAPARIN

SODIUM

The following procedure is used to determine the levels of

1, 6-anhydro forms in enoxaparin sodium. [NOTE—The test

for the 1,6-anhydro derivative is conducted only where

specified in the individual monograph.]

INTRODUCTION

The disaccharides specified in this general chapter are listed

by name and structure in Appendix 1; the oligosaccharides are

listed in Appendix 2.

Depolymerization of heparin into enoxaparin sodium

produces a partial but characteristic conversion of glucosa-

mines at the reducing termini of oligosaccharide chains with

terminal glucosamine 6-O sulfate, yielding 1,6-anhydro

derivatives (see Figure 1).

Figure 1. Structure of enoxaparin sodium containing a 1,6-

anhydro derivative on the reducing end of the chain.

The percentage of oligosaccharide chains that are cyclized

in a 1,6-anhydro ring is a characteristic of enoxaparin sodium.

DEPOLYMERIZATION OF ENOXAPARIN SODIUM

BY HEPARINASES AND RESULTING

OLIGOSACCHARIDES

The assay involves HPLC analysis of a depolymerized

enoxaparin sodium solution by a mixture of heparinases.

After enzymatic depolymerization, the main 1,6-anhydro

residues of enoxaparin sodium observed are 1,6-anhydro

�IIS and 1,6-anhydro �IISepi, and 1,6-anhydro �IS and 1,6-

anhydro �IS–ISepi (see Appendix 2).

The 1,6-anhydro �IS–ISepi tetrasaccharide (2-O-sulfated

mannosamine form) is not completely cleaved by the

heparinases. The two disaccharides (1,6-anhydro �IIS and

1,6-anhydro �IISepi), which generally co-elute, are poorly

resolved with respect to �IIA (see Appendix 1), especially

because the latter occurs as two anomers: a and b. To allow

quantitation of 1,6-anhydro �IIS and 1,6-anhydro �IISepi, the

enoxaparin sodium sample already depolymerized by hepar-

inases is then reduced by sodium borohydride (see Figure 2).
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Figure 2. Reduction of oligosaccharides by sodium borohydride.

The sodium borohydride reduction eliminates the

anomeric effect by opening the terminal oligosaccharide ring.

The four 1,6-anhydro derivatives (see Appendix 2) are not

reduced by sodium borohydride because the ring opening is

blocked by the 1,6-anhydro bridge. The reduction of the

oligosaccharides decreases their retention time, whereas the

retention time of the 1,6-anhydro derivatives remains

unchanged. Thus, it is possible to separate the two

compounds—1,6-anhydro �IIS and 1,6-anhydro �IISepi—

from the reduced �IIA disaccharide peak. [NOTE—1,6-

Anhydro �IIS and 1,6-anhydro �IISepi are eluted as two

nonresolved peaks and are quantitated together as a single

compound, 1,6-anhydro �IIS. Therefore, for the purpose of

simplification, the epimeric form is not referred to in the

remaining text.]

PROCEDURE

USP Reference Standards h11i—USP Enoxaparin

Sodium RS.

Solutions—

Solution A—Dissolve 0.280 g of monobasic sodium

phosphate in 950 mL of water, adjust with phosphoric acid

to a pH of 3.0, and dilute with water to 1000 mL.

Solution B—Dissolve 140 g of sodium perchlorate in 950

mL of Solution A, adjust with phosphoric acid to a pH of 3.0,

and dilute with Solution A to 1000 mL.

Mobile Phase—Use variable mixtures of filtered and

degassed Solution A and Solution B as directed in

Chromatographic system.

Sodium/Calcium Acetate pH 7.0 Solution—Dissolve 10 mg

of bovine serum albumin and 32 mg of calcium acetate in 60

mL water. Add 580 mL of acetic acid, and adjust with 2M

sodium hydroxide to a pH of 7.0 . Transfer to a 100-mL

volumetric flask, and dilute with water to volume. Pass the

solution through a filter having a porosity of 0.45 or 0.22 mm.

Potassium Phosphate pH 7.0 Buffer—Dissolve 68 mg of

monobasic potassium phosphate and 10 mg of bovine serum

albumin in 30 mL of water in a 50-mL volumetric flask.

Adjust with potassium hydroxide, if necessary, to a pH of 7.0,

and dilute with water to volume. Pass the solution through

a filter having a porosity of 0.45 or 0.22 mm.

Sodium Borohydride Solution—Dissolve 12 mg of sodium

borohydride in 400 mL of water, and mix on a vortex mixer.

[NOTE—Prepare fresh immediately before use.]

Heparinase 1 Solution—Dissolve heparinase 1 (see Re-

agent Specifications under Reagents, Indicators, and Solu-

tions) [reference: heparin lyase I, EC 4.2.2.7] in Potassium

Phosphate pH 7.0 Buffer to obtain a solution having an

activity of 0.4 IU per mL. Store the solution at –208 until

ready to use.

Heparinase 2 Solution—Dissolve heparinase 2 (see Re-

agent Specifications under Reagents, Indicators, and Solu-

tions [no EC number] in Potassium Phosphate pH 7.0 Buffer

to obtain a solution having an activity of 0.4 IU per mL. Store

the solution at –208 until ready to use.

Heparinase 3 Solution—Dissolve heparinase 3 (see Re-

agent Specifications under Reagents, Indicators, and Solu-

tions [reference: heparitinase I, EC 4.2.2.8] in Potassium

Phosphate pH 7.0 Buffer to obtain a solution having an

activity of 0.4 IU per mL. Store the solution at –208 until

ready to use.
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Heparinases 1, 2, 3, Solution—Prepare a 1 : 1 : 1 (v:v:v)

mixture of Heparinase 1 Solution, Heparinase 2 Solution,

and Heparinase 3 Solution.

Peak Identification Solutions—[NOTE—The depolymer-

ized test solutions and Standard solutions must be prepared at

the same time. Also, the reduced test solutions and Standard

solutions must be prepared at the same time.]

Disaccharide Solution—Separately prepare a 0.25 mg per

mL solution of each disaccharide1 �IA, �IIA, �IIIA, �IVA,

�IS, �IIS, �IIIS, �IVS (see Appendix 1). Chromatograph

each disaccharide solution, and record the peak responses.

Reduced Disaccharide Solution—To 60 mL of each

Disaccharide Solution, add 10 mL of freshly prepared

Sodium Borohydride Solution. Mix on a vortex mixer, and

allow to stand at room temperature for at least 4 hours.

Chromatograph each solution, and record the peak response.

Blank Solution—Prepare a mixture of 20 mL of water, 70

mL of Sodium/Calcium Acetate pH 7.0 Solution, and 100 mL

of the Heparinases 1, 2, 3 Solution. Mix gently by inversion,

and allow to stand for at least 48 hours in a 258 water bath.

Prepare a mixture of 60 mL of this depolymerized solution

with 10 mL of freshly prepared Sodium Borohydride Solution.

Homogenize, and allow to stand at room temperature for at

least 4 hours. Chromatograph the resulting solution, and

record the peak responses.

Test Solution 1—Prepare two solutions, each containing 20

mg of enoxaparin sodium in 1 mL of water.

Standard Solution 1—Prepare one solution containing 20

mg of USP Enoxaparin Sodium RS in 1 mL of water.

Test Solution 2—For each solution, prepare a mixture of 20

mL of Test Solution 1, 70 mL of Sodium/Calcium Acetate pH

7 Solution, and 100 mL of Heparinases 1, 2, 3 Solution. Mix

gently by inversion, and allow to stand for at least 48 hours in

a 258 water bath. After 48 hours of depolymerization,

chromatograph the solution, and record the peak responses.

Standard Solution 2—Prepare a mixture of 20 mL of

Standard Solution I, 70 mL of Sodium/Calcium Acetate pH

7 Solution, and 100 mL of Heparinases 1, 2, 3 Solution. Mix

gently, and allow to stand for at least 48 hours in a 258 water

bath. After 48 hours of depolymerization, chromatograph the

solution, and record the peak responses.

Test Solution 3—For each depolymerized test solution,

prepare a mixture of 60 mL of Test Solution 2 and 10 mL of

freshly prepared Sodium Borohydride Solution. Homogenize,

and allow to stand at room temperature for at least 4 hours

before injecting into the chromatograph.

Standard Solution 3—Prepare a mixture of 60 mL of

Standard Solution 2 and 10 mL of freshly prepared Sodium

Borohydride Solution. Mix on a vortex mixer, and allow to

stand at room temperature for at least 4 hours before injecting

into the chromatograph.

Chromatographic System (see Chromatography h621i)—

The liquid chromatograph is equipped with a 234-nm detector

and a 3-mm 6 25-cm column that contains 5-mm packing

L14. A guard column packed with the same material should

also be used. The flow rate is 0.45 mL per minute, the column

temperature is maintained at 508, and the injection volume is

10 mL. The chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–20 97?65 3?35 linear gradient

20–50 65?0 35?100 linear gradient

50–60 0 100 isocratic

60–61 0?97 100?3 Linear gradient for

re-equilibration

61–79 97 3 isocratic for re-

equilibration

Chromatograph the reduced Test Solution 3 and the reduced

Standard Solution 3, and record the peak responses as

directed for Procedure.
1 Suitable disaccharides are available from Grampian Enzymes (GE-
H1001, GE-G1002, GE-H1003, GE-H1004, GE-H1005, GE-H1006,
GE-H1007, GE-H1008), Nisthouse, Harray, Orkney, KW17 2LQ,
United Kingdom, Tel: 01856 771771, Scottish Local Authority:
Orkney Islands.
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Depolymerization Suitability Test—The ratio of the peak

area of 1,6-anhydro-�IS-IS to that of 1,6-anhydro �IS is not

more than 1.15 for the depolymerized Standard Solution 2.

Column Performance Suitability Test—Identify the peaks

corresponding to reduced �IA and 1,6-anhydro-�IS for the

Standard Solution 3: the retention time of reduced �IS is

between 27 and 33 minutes for the depolymerized and

reduced Standard Solution 3, and the resolution, R, between

reduced �IA and 1,6-anhydro-�IS is not less than 1.5.

Reduction Suitability Test—The ratio of the peak area of

�IS disaccharide to that of reduced �IS in the depolymerized

and reduced Standard Solution 3 and Test Solution 3 is not

more than 0.02%.

Procedure/Calculation—Separately inject equal volumes of

the reduced Test Solutions 3 and the reduced Standard

Solution 3 into the chromatograph. Use the normalized area

percentage method for calculation. Each peak is integrated

from the dwell volume peak to the last detected peak.

Measure the area of each analyte peak after excluding solvent

peaks at the beginning of the chromatogram and in the Blank

Solution. Using the previously obtained chromatogram of the

Reduced Disaccharide Solution, identify peaks belonging to

the eight reduced disaccharides in the chromatograms for Test

Solution 3 and Standard Solution 3. The peaks belonging to

1,6-Anhydro �IS, 1,6-Anhydro �IIS, and 1,6-Anhydro �IS-

ISepi are identified from the relative retention times provided

in Table 1 and the Reference chromatogram provided with

USP Enoxaparin Sodium RS. Once the peaks have been

identified, use the values in Table 1 to calculate the (w/w)

percentage of the three main 1,6-anhydro derivatives obtained

after depolymerization of enoxaparin sodium using the

following formula:

% 1,6-anhydro i (w/w) = (100 6 MWi 6 Ai)/ �(MWx 6 Ax)

in which MWi and Ai are the molecular weight and the area of

the 1,6-anhydro peak i, respectively; and MWx and Ax are the

molecular weight and the area, respectively, of either the peak

X or the zone X specified by its retention time. [NOTE—Once

the method is established, the peaks belonging to the different

di- and tetrasaccharides can be easily identified using the USP

Enoxaparin Sodium RS chromatogram. Thus, the use of the

disaccharide Standards is only needed during the method-

implementation stage.]

Calculate the molar percentage of components containing

a 1,6-anhydro structure at the reducing end of their chain in

the enoxaparin sodium test sample according to the following

formula:

in which MW is the mass-average molecular mass (see

Identification test D under Enoxaparin Sodium); MWx and

Areax are the molecular weight and the area, respectively, of

either the peak X or the range X specified by its retention

time. The molar percentage of components having a 1,6-

anhydro structure at the reducing end of their chain is

between 15% and 25 %. Typical retention times and

molecular masses attributed to different oligosaccharide

structures are provided in Table 1.
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Table 1. Typical Relative Retention Times (tRR) and Molecular Masses Attributed to Different Compounds2

Compound tRR Molecular mass (Daltons)

— 5 0.25 741

Reduced �IVA 0.25 401

— 0.25 5tRR 5 0.51 741

Reduced �IVS 0.51 461

— 0.51 5 tRR 5 0.55 483

Reduced �IIA 0.55 503

— 0.55 5 tRR 5 0.59 503

1,6-Anhydro �IIS 0.59 443

— 0.59 5 tRR 5 0.64 503

Reduced �IIIA 0.64 503

— 0.64 5 tRR 5 0.72 533

Reduced �IIS 0.72 563

— 0.72 5 tRR 5 0.80 563

Reduced �IIIS 0.80 563

— 0.80 5 tRR 5 0.88 583

Reduced �IA 0.88 605

— 0.88 5 tRR 5 0.90 635

1,6-Anhydro �IS 0.90 545

— 0.90 5 tRR 50.98 635

Reduced �IIA-IVSglu 0.98 1066

— 0.985 tRR 51.00 635

Reduced �IS 1.00 665

— 1.005 tRR 51.04 665

�IS 1.04 665

— 1.045 tRR 51.10 1228

Reduced �IIA-IISglu 1.10 1168

— 1.105 tRR 51.27 1228

1,6-Anhydro �IS-IS 1.27 1210

— tRR 41.27 1228

2 Relative retention times were obtained with a depolymerized and reduced batch of enoxaparin sodium. They are expressed relative to the
retention time of the main peak corresponding to reduced �IS. Note that according to the quality of the column, relative retention times can
change slightly.
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APPENDIX 1: STANDARD DISACCHARIDE STRUCTURES

�IVA �UA-(1?4)a-GlcNAc

�IVS �UA-(1?4)a-GlcN(NS)

�IIA �UA-(1?4)a-GlcNAc(6S)

�IIIA �UA-2S-(1?4)a-GlcNAc

# 2008 The United States Pharmacopeial Convention All Rights Reserved.
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APPENDIX 1: STANDARD DISACCHARIDE STRUCTURES (Continued)

�IIS �UA-(1?4)a-GlcN (NS,6S)

�IIIS �UA-2S-(1?4)a-GlcN (NS)

�IA �UA-2S-(1?4)a-GlcNAc(6S)

�IS UA-2S-(1?4)a-GlcN (NS,6S)
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APPENDIX 2: OLIGOSACCHARIDE STRUCTURES

1,6-Anhydro �IS or

1,6-Anhydro �IS glucose

1,6-Anhydro �IIS or 1,6-Anhydro

�IIS glucose

1,6-Anhydro �IIS epi or

1,6-Anhydro �IIS mannose

�IIA-IVSglu

# 2008 The United States Pharmacopeial Convention All Rights Reserved.
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APPENDIX 2: OLIGOSACCHARIDE STRUCTURES (Continued)

�IIA-IISglu

1,6-Anhydro �IS-IS epi

or

1,6-Anhydro �IS-IS mannose

~USP32
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GENERAL CHAPTERS

General Tests and Assays

Physical Tests and
Determinations

BRIEFING

h621i Chromatography, USP 30 page 243 and page 3952 of the
Second Supplement. On the basis of comments received, it is pro-
posed to make the following revisions in the System suitability sec-
tion:
� Indicate that adjustments in flow rate or mobile phase composi-

tion in gradient methods are not recommended.
� Indicate that the column inner diameter in HPLC columns can be

adjusted, provided that the linear velocity is kept constant.
� Provide a formula to calculate the change in the flow rate.
� Change the symbol used for relative standard deviation to be

consistent with the proposal made in General Chapter h1010i
Analytical Data—Interpretation and Treatment.

In addition, it is proposed to add two footnotes in the Glossary of
Symbols to clarify the use of parameters k’, N, r, and Rr and to define
‘‘asymmetry factor.’’

(GC: H. Pappa) RTS—C58926

Change to read:

SYSTEM SUITABILITY

System suitability tests are an integral part of gas and liquid chro-
matographic methods. They are used to verify that the resolution and
reproducibility of the chromatographic system are adequate for the
analysis to be done. The tests are based on the concept that the equip-
ment, electronics, analytical operations, and samples to be analyzed
constitute an integral system that can be evaluated as such.
The resolution, R [NOTE—All terms and symbols are defined in the

Glossary of Symbols], is a function of column efficiency, N, and is
specified to ensure that closely eluting compounds are resolved from
each other, to establish the general resolving power of the system, and
to ensure that internal standards are resolved from the drug. Column
efficiency may be specified also as a system suitability requirement,
especially if there is only one peak of interest in the chromatogram;
however, it is a less reliable means to ensure resolution than direct
measurement. Column efficiency is a measure of peak sharpness,
which is important for the detection of trace components.

Replicate injections of a standard preparation used in the assay or
other standard solution are compared to ascertain whether require-
ments for precision are met. Unless otherwise specified in the individ-
ual monograph, data from five replicate injections of the analyte are
used to calculate the relative standard deviation, SR,

~

%RSD,~USP32

if the requirement is 2.0% or less; data from six replicate injections
are used if the relative standard deviation requirement is more than
2.0%.
The tailing factor, T, a measure of peak symmetry, is unity for per-

fectly symmetrical peaks and its value increases as tailing becomes
more pronounced (see Figure 2). In some cases, values less than unity
may be observed. As peak asymmetry increases, integration, and
hence precision, becomes less reliable.

Figure 2. Asymmetrical chromatographic peak

These tests are performed by collecting data from replicate injec-
tions of standard or other solutions as specified in the individual
monograph. The specification of definitive parameters in a mono-
graph does not preclude the use of other suitable operating conditions
(see Procedures under Tests and Assays in the General Notices). &If
adjustments of operating conditions to meet system suitability re-
quirements are necessary, each of the following is the maximum var-
iation that can be considered, unless otherwise directed in the
monograph. Adjustments are permitted only when suitable standards
(including Reference Standards) are available for all compounds used
in the suitability test and only when those standards are used to show
that the adjustments have improved the quality of the chromatogra-
phy in meeting system suitability requirements. Adjustments to chro-
matographic systems performed in order to comply with system
suitability requirements are not to be made to compensate for column
failure or system malfunction. The changes described below may re-
quire additional validation data. The user should verify the suitability
of the method under the new conditions by assessing the relevant an-
alytical performance characteristics potentially affected by the
change. Multiple adjustments can have a cumulative effect in the per-
formance of the system and should be considered carefully before im-
plementation.

~

Adjustments to the composition of the mobile phase in gra-

dient elution is not recommended. If adjustments are neces-

sary, only column changes (same packing material) or dwell

volume adjustments are recommended~USP32

pH of Mobile Phase (HPLC)—The pH of the aqueous buffer used
in the preparation of the mobile phase can be adjusted to within+0.2
units of the value or range specified.

Concentration of Salts in Buffer (HPLC)—The concentration of
the salts used in the preparation of the aqueous buffer used in the mo-
bile phase can be adjusted to within +10%, provided the permitted
pH variation (see above) is met.

Pharmacopeial Forum
152 IN-PROCESS REVISION Vol. 34(1) [Jan.–Feb. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Ratio of Components in Mobile Phase (HPLC)—The following
adjustment limits apply to minor components of the mobile phase
(specified at 50% or less). The amount(s) of these component(s)
can be adjusted by+30% relative. However, the change in any com-
ponent cannot exceed+10% absolute (i.e., in relation to the total mo-
bile phase). Adjustment can be made to one minor component in a
ternary mixture. Examples of adjustments for binary and ternary mix-
tures are given below.

Binary Mixtures—

SPECIFIED RATIO OF 50 : 50—Thirty percent of 50 is 15% absolute,
but this exceeds the maximum permitted change of +10% absolute
in either component. Therefore, the mobile phase ratio may be adjust-
ed only within the range of 40 : 60 to 60 : 40.

SPECIFIED RATIO OF 2 : 98—Thirty percent of 2 is 0.6% absolute.
Therefore the maximum allowed adjustment is within the range of
1.4 : 98.6 to 2.6 : 97.4.

Ternary Mixtures—

SPECIFIEDRATIOOF 60 : 35 : 5—For the second component, 30% of 35
is 10.5% absolute, which exceeds the maximum permitted change of
+10% absolute in any component. Therefore the second component
may be adjusted only within the range of 25% to 45% absolute. For
the third component, 30% of 5 is 1.5% absolute. In all cases, a suffi-
cient quantity of the first component is used to give a total of 100%.
Therefore, mixture ranges of 50 : 45 : 5 to 70 : 25 : 5 or 58.5 : 35 : 6.5
to 61.5 : 35 : 3.5 would meet the requirement.

Wavelength of UV-Visible Detector (HPLC)—Deviations from
the wavelengths specified in the method are not permitted. The pro-
cedure specified by the detector manufacturer, or another validated
procedure, is to be used to verify that error in the detector wavelength
is, at most, +3 nm.

Column Length (GC, HPLC): can be adjusted by as much as
+70%.

Column Inner Diameter (GC, HPLC): can be adjusted by as
much as +25% for HPLC and +50% for GC.

Film Thickness (Capillary GC): can be adjusted by as much as
–50% to 100%.

Particle Size (HPLC): can be reduced by as much as 50%.

Particle Size (GC): going from a larger to a smaller or a smaller
to a larger (if it is the same ‘‘Range Ratio’’, which is the diameter of
the largest particle divided by the diameter of the smallest particle)
particle size GC mesh support is acceptable, provided the chromatog-
raphy meets the requirements of the system suitability.

Flow Rate (GC, HPLC): can be adjusted by as much as+50%.

~

Stationary Phase—

Column Length (GC, HPLC): can be adjusted by as much

as +70%.

Column Inner Diameter (HPLC): can be adjusted pro-

vided that the linear velocity is kept constant [see Flow rate

(HPLC)].

Column Inner Diameter (GC): can be adjusted by as much

as +50% for GC.

Film Thickness (Capillary CG): can be adjusted by as

much as –50% to 100%.

Particle Size (HPLC): can be reduced by as much as 50%.

Particle Size (GC)— Going from a larger to a smaller or a

smaller to a larger (if it is the same range ratio, which is the

diameter of the largest particle divided by the diameter of the

smallest particle) particle size GC mesh support is acceptable,

provided the chromatography meets the requirements of sys-

tem suitability.

Flow Rate (GC): can be adjusted by as much as +50%.

Flow Rate (HPLC): can be adjusted by as much as

+50%. When column dimensions have been modified, the

flow rate can be adjusted using the following formula:

in which F1 is the flow rate indicated in the monograph, in mL

per minute; F2 is the adjusted flow rate, in mL per minute; l1 is

the length of the column indicated in the monograph; l2 is the

length of the column used; and d1 is the column inner diameter

indicated in the monograph, and d2 is the internal diameter of

the column used.~USP32

Injection Volume (GC, HPLC): can be reduced as far as is con-
sistent with accepted precision and detection limits.

Column Temperature (HPLC): can be adjusted by as much as
+108. Column thermostating is recommended to improve control
and reproducibility of retention time.

Oven Temperature (GC): can be adjusted by as much as
+10%.

Oven Temperature Program (GC)—Adjustment of temperatures
is permitted as stated above. For the times specified for the tempera-
ture to be maintained or for the temperature to be changed from one
value to another, an adjustment of up to +20% is permit-
ted.&2S (USP30)

Unless otherwise directed in the monograph, system suitability
parameters are determined from the analyte peak.

&Relative retention times may be provided in monographs for in-
formational purposes only, to aid in peak identification. There are no
acceptance criteria applied to relative retention times.&2S (USP30)
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To ascertain the effectiveness of the final operating system, it
should be subjected to suitability testing. Replicate injections of the
standard preparation required to demonstrate adequate system preci-
sion may be made before the injection of samples or may be inter-
spersed among sample injections. System suitability must be
demonstrated throughout the run by injection of an appropriate con-
trol preparation at appropriate intervals, &including at the end of the
analysis.&2S (USP30) The control preparation can be a standard prepa-
ration or a solution containing a known amount of analyte and any
additional materials useful in the control of the analytical system,
such as excipients or impurities. Whenever there is a significant
change in equipment or in a critical reagent, suitability testing should
be performed before the injection of samples. No sample analysis is
acceptable unless the requirements of system suitability have been
met. Sample analyses obtained while the system fails &system suit-
ability&2S (USP30) requirements are unacceptable.

Change to read:

GLOSSARY OF SYMBOLS

To promote uniformity of interpretation, the following symbols
and definitions are employed where applicable in presenting formulas
in the individual monographs. Where a different symbol or definition
is used in an individual monograph, the monograph text takes prece-
dence (see General Notices). [NOTE—Where the terms W and t both
appear in the same equation they must be expressed in the same
units.]

f distance from the peak maximum to the leading
edge of the peak, the distance being measured
at a point 5% of the peak height from the baseline.

k’ capacity factor,2

N number of theoretical plates in a chromato
graphic column,2

r relative retention,2

ri peak response of an impurity obtained from a
chromatogram.

rIS peak response of the internal standard obtained
from a chromatogram.

rS peak response of the Reference Standard obtained
from a chromatogram.

rU peak response of the analyte obtained from a chro-
matogram.

R resolution between two chromatographic peaks,

RF chromatographic retardation factor equal to the ra-
tio of the distance from the origin to the center of a
zone divided by the distance from the origin to the
solvent front.

Rr relative retention time,
~2

~USP32

Rrel relative retardation

RS peak response ratio for a Standard preparation
containing Reference Standard and internal stan-
dard,

RU peak response ratio for Assay preparation contain-
ing the analyte and internal standard,

SR (%)

~

%R S -

D~USP32

relative standard deviation in percentage,

~

~USP32

where Xi is an individual measurement in a set of N
measurements and X is the arithmetic mean of the
set.
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T tailing factor,

~3
~USP32

t retention time measured from time of injection to
time of elution of peak maximum.

tM retention time of nonretarded component, air with
thermal conductivity detection.

W width of peak measured by extrapolating the rela-
tively straight sides to the baseline.

Wh/2 width of peak at half height.
W0.05 width of peak at 5% height.

~2 The parameters k’, N, r, and Rr were developed for isothermal GC
separations and isocratic HPLC separations. Because these terms are
thermodynamic parameters, they are valid only for separations made
at constant temperature, mobile phase composition, and flow rate.
However, for separations made with a temperature program or solvent
gradient, these parameters may be used simply as comparative means
to ensure that adequate chromatographic conditions exist to perform
the methods as intended in the monographs.
3 It is also a common practice to measure the Asymmetry factor as the
ratio of the distance between the vertical line connecting the peak
apex with the interpolated baseline and the peak front, and the dis-
tance between that line and the peak back measured at 10% of the
peak height (in Figure 2), it would be (W0.10-f0.10)/ f0.10. However,
for the purposes of USP, only the formula presented in the Glossary of
symbols is valid.~USP32

BRIEFING

h701i Disintegration, USP 30 page 276. In the section Disks, it is
proposed to revise the specification for the trapezoidal planes cut into
the wall of the disks so that the depth of the notches produced at the
small end will range from 1.5 to 1.8 mm. The current specification is
1.6+0.1 (1.5 to 1.7 mm); comment received indicates that such a
limited range will exclude disks currently in use in the United States.
The current range represents the sign-off text agreed to by the Euro-
pean Pharmacopoeia, the Japanese Pharmacopoeia, and USP. The
disk dimensions were revised in the Second Supplement to USP 28.
Prior to that revision, the depth allowed by the USP general test chap-
ter was 1.8 mm. The proposed ranges for the depth of the notches will
embrace the dimensions allowed in the harmonized text while includ-
ing the dimensions found on disks in the United States market. Al-
though the revision proposed here will appear as national text,
specific to USP alone, the change has been proposed for harmoniza-
tion. In the absence of any significant adverse comments, it is pro-
posed to implement this revision via the Interim Revision
Announcement pertaining to USP 31–NF 26 in PF 34(3) [May–June
2008], with an official date of June 1, 2008.

(BPC: W. Brown) RTS—47893

Change to read:

APPARATUS

The apparatus consists of a basket-rack assembly, a 1000-mL, low-
form beaker, 138 to 160 mm in height and having an inside diameter
of 97 to 115 mm for the immersion fluid, a thermostatic arrangement
for heating the fluid between 358 and 398, and a device for raising and
lowering the basket in the immersion fluid at a constant frequency
rate between 29 and 32 cycles per minute through a distance of not
less than 53 mm and not more than 57 mm. The volume of the fluid in
the vessel is such that at the highest point of the upward stroke the
wire mesh remains at least 15 mm below the surface of the fluid and
descends to not less than 25 mm from the bottom of the vessel on the
downward stroke. At no time should the top of the basket-rack assem-
bly become submerged. The time required for the upward stroke is
equal to the time required for the downward stroke, and the change
in stroke direction is a smooth transition, rather than an abrupt rever-
sal of motion. The basket-rack assembly moves vertically along its
axis. There is no appreciable horizontal motion or movement of the
axis from the vertical.

Basket-Rack Assembly—The basket-rack assembly consists of
six open-ended transparent tubes, each 77.5+ 2.5 mm long and hav-
ing an inside diameter of 20.7 to 23 mm and a wall 1.0 to 2.8 mm
thick; the tubes are held in a vertical position by two plates, each
88 to 92 mm in diameter and 5 to 8.5 mm in thickness, with six holes,
each 22 to 26 mm in diameter, equidistant from the center of the plate
and equally spaced from one another. Attached to the under surface of
the lower plate is a woven stainless steel wire cloth, which has a plain
square weave with 1.8- to 2.2-mm apertures and with a wire diameter
of 0.57 to 0.66 mm. The parts of the apparatus are assembled and
rigidly held by means of three bolts passing through the two plates.
A suitable means is provided to suspend the basket-rack assembly
from the raising and lowering device using a point on its axis.
The design of the basket-rack assembly may be varied somewhat,

provided the specifications for the glass tubes and the screen mesh
size are maintained. The basket-rack assembly conforms to the di-
mensions found in Figure 1.

Disks—The use of disks is permitted only where specified or al-
lowed ^in the monograph. If specified in the individual monograph,^
each tube is provided with a cylindrical disk 9.5+ 0.15 mm thick and
20.7+ 0.15 mm in diameter. The disk is made of a suitable transpar-
ent plastic material having a specific gravity of between 1.18 and
1.20. Five parallel 2+ 0.1-mm holes extend between the ends of
the cylinder. One of the holes is centered on the cylindrical axis.
The other holes are centered 6+ 0.2 mm from the axis on imaginary
lines perpendicular to the axis and parallel to each other. Four iden-
tical trapezoidal-shaped planes are cut into the wall of the cylinder,
nearly perpendicular to the ends of the cylinder. The trapezoidal
shape is symmetrical; its parallel sides coincide with the ends of
the cylinder and are parallel to an imaginary line connecting the cen-
ters of two adjacent holes 6 mm from the cylindrical axis. The parallel
side of the trapezoid on the bottom of the cylinder has a length of
1.6+ 0.1 mm, and its bottom edges lie at a depth of 1.6+ 0.1 mm

.1.5 to 1.8 mm.3
from the cylinder’s circumference. The parallel side of the trapezoid
on the top of the cylinder has a length of 9.4+ 0.2 mm, and its center
lies at a depth of 2.6+ 0.1 mm from the cylinder’s circumference. All
surfaces of the disk are smooth. If the use of disks is specified ^in the
individual monograph^, add a disk to each tube, and operate the ap-
paratus as directed for Procedure. The disks conform to dimensions
found in Figure 1.1

1 The use of automatic detection employing modified disks is permitted where
the use of disks is specified or allowed. Such disks must comply with the re-
quirements for density and dimension given in this chapter.
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Figure 1. Disintegration apparatus. (All dimensions are expressed in mm.)

Pharmacopeial Forum
156 IN-PROCESS REVISION Vol. 34(1) [Jan.–Feb. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



.

Figure 1. Disintegration apparatus. (All dimensions are expressed in mm.).3

BRIEFING

h785i Osmolality and Osmolarity, USP 30 page 315 and page
3605 of the First Supplement. On the basis of comments received that
the requirement for calibration confirmation is too tight given the cur-
rent osmometer technology and calibration standards available, it is
proposed to revise the Procedure in the Measurement of Osmolality
section to change the requirement from+2 mOsmol/kg to+4 mOs-
mol/kg. Instrument manufacturers have also indicated that running
one standard would suffice to confirm calibration. In addition, the
phrase ‘‘if necessary’’ was added to the sentence discussing calibra-
tion adjustments because some instruments do this internally in the
firmware/software and will reject the calibration if the data are not

linear. The sentence referring to ‘‘rinse the measurement cell at least
twice with the solution to be tested’’ was omitted because this is not
common practice with osmometers.

(GC: H. Pappa) RTS—C57089; C58891

Change to read:

MEASUREMENT OF OSMOLALITY

The osmolality of a solution is commonly determined by the mea-
surement of the freezing point depression of the solution.

Apparatus—The apparatus, an osmometer for freezing point de-
pression measurement, consists of the following: a means of cooling
the container used for the measurement; a resistor sensitive to temper-
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ature (thermistor), with an appropriate current- or potential-difference
measurement device that may be graduated in temperature change or
in osmolality; and a means of mixing the sample.
Osmometers that measure the vapor pressures of solutions are less

frequently employed. They require a smaller volume of specimen
(generally about 5 mL), but the accuracy and precision of the resulting
osmolality determination are comparable to those obtained by the use
of osmometers that depend upon the observed freezing points of so-
lutions.

Standard Solutions—Prepare Standard Solutions as specified in
Table 1, as necessary.

Test Solution—For a solid for injection, constitute with the appro-
priate diluent as specified in the instructions on the labeling. For so-
lutions, use the sample as is. [NOTE—A solution can be diluted to
bring it within the range of measurement of the osmometer, if neces-
sary, but the results must be expressed as that of the diluted solution
and must NOT be multiplied by a dilution factor to calculate the os-
molality of the original solution, &unless otherwise indicated in the
monograph.&1S (USP30) The molal osmotic coefficient is a function
of concentration. Therefore, it changes with dilution.]

Procedure—&First, calibrate the instrument by the manufacturer’s
instructions. Confirm the instrument calibration with at least two so-
lutions

~

one solution~USP32

from Table 1 such that the osmolalities of the Standard Solutions span
the expected range of osmolality of the Test Solution

~

the osmolality of the Standard Solution lies within the ex-

pected range of osmolality of the Test Solution.~USP32

The instrument reading should be within +2 mOsmol/kg

~+4 mOsmol/kg~USP32

from the Standard Solution. (over the standard range of 100 to 700
mOsmol/kg).

~

~USP32&1S (USP30)

Introduce an appropriate volume of each Standard Solution into the
measurement cell as per the manufacturer’s instructions, and start the
cooling system. Usually, the mixing device is programmed to operate
at a temperature below the lowest temperature expected from the
freezing point depression. The apparatus indicates when the equilib-
rium is attained. Calibrate

~

If necessary, calibrate~USP32

the osmometer using an appropriate adjustment device such that the
reading corresponds to either the osmolality or freezing point depres-
sion value of the Standard Solution shown in Table 1. [NOTE—Some
instruments indicate osmolality and some others show freezing point
depression.] Before each measurement, rinse the measurement cell at
least twice with the solution to be tested.

~

~USP32

Repeat the procedure with each Test Solution. Read the osmolality of
the Test Solution directly, or calculate it from the measured freezing
point depression.
Assuming that the value of the osmotic coefficient is essentially the

same whether the concentration is expressed in molality or molarity,
the experimentally determined osmolality of a solution can be con-
verted to osmolarity in the same manner in which the concentration
of a solution is converted from molality to molarity. Unless a solution
is very concentrated, the osmolarity of a solution (�c) can be calculat-
ed from its experimentally determined osmolality (�m):

�c = 1000�m / (1000 / r + Swi�i)

where wi is the weight in g; and �i is the partial specific volume, in mL
per g, of the ith solute. The partial specific volume of a solute is the
change in volume of a solution when an additional 1 g of solute is
dissolved in the solution. This volume can be determined by the mea-
surement of densities of the solution before and after the addition of
the solute. The partial specific volumes of salts are generally very
small, around 0.1 mL per g. However, those of other solutes are gen-
erally higher. For example, the partial specific volumes of amino ac-
ids are in the range of 0.6–0.9 mL per g. &It can be shown from the
above equation correlating osmolarity with osmolality that,

�c = �m (r – c)

where r is the density of the solution, and c is the total solute con-
centration, both expressed in g per mL. Thus, alternatively, the osmo-
larity can also be calculated from experimentally determined
osmolality from the measurement of density of the solution by a suit-
able method and the total weight of the solute, after correction for
water content, dissolved per mL of the solution.&1S (USP30)

Table 1. Standard Solutions for Osmometer Calibration2

Standard Solutions
(Weight in g of sodium chloride

per kg of water)

Osmolality
(mOsmol/kg)

(�m)

Molal Osmotic
Coefficient
(�m, NaCl)

Freezing Point
Depression (8)

DTf

3.087 100 0.9463 0.186
6.260 200 0.9337 0.372
9.463 300 0.9264 0.558
12.684 400 0.9215 0.744
15.916 500 0.9180 0.930
19.147 600 0.9157 1.116
22.380 700 0.9140 1.302

2 Adapted from the European Pharmacopoeia, 4th Edition, 2002, p. 50.
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GENERAL CHAPTERS

General Information

BRIEFING

h1121i Nomenclature, USP 30 page 611, page 3989 of the Sec-
ond Supplement, and page 1228 of PF 32(4) [July–Aug. 2006]. The
revisions proposed for the paragraphs dealing with ‘‘vaginal inserts’’
and ‘‘suppositories’’ under the section General Nomenclature Forms
are intended to emphasize that (1) any solid dosage form intended for
vaginal administration should be labeled as [Drug] [Vaginal] [In-
serts], and (2) the term ‘‘Suppositories’’ is to be used only in the titles
of preparations that are intended for rectal administration. The pro-
posed relocation of these paragraphs in the chapter is intended to im-
prove the clarity of the text. These decisions were made by the
Nomenclature Expert Committee during its August 13–14, 2007,
meeting.

(NOM: W. Paul) RTS—C58862

Change to read:

&GENERAL NOMENCLATURE FORMS

Some monograph titles existing in the USP–NF do not conform to
the formats outlined in this general information chapter. Typically,
these monograph titles were adopted before the establishment of
the title formats and nomenclature policies presented in this general
information chapter. Such monograph titles may be subject to subse-
quent revision and should not be interpreted as precedents for other
monograph titles.
Standardized forms of nomenclature have been devised in the in-

terest of achieving uniformity for naming compendial articles. The
general nomenclature forms that follow illustrate the terminology
used throughout the official compendia for consistency in establish-
ing titles of monographs on official pharmaceutical dosage forms and
preparations. Examples are shown for the more frequently encoun-
tered categories of dosage forms.
For a variety of dosage forms, titles are in the following general

form: [DRUG] [ROUTE OF ADMINISTRATION] [DOSAGE
FORM].

Examples:
Calcium Carbonate Oral Suspension
Cetylpyridinium Chloride Topical Solution
Dexamethasone Ophthalmic Suspension
Epinephrine Bitartrate Ophthalmic Solution
Isosorbide Dinitrate Sublingual Tablets
Miconazole Nitrate Topical Powder
Triple Sulfa Vaginal Cream

~

The term ‘‘Vaginal Inserts’’, rather than ‘‘Vaginal Tablets’’,

‘‘Vaginal Capsules’’, or ‘‘Vaginal Suppositories’’ is used in the

title of this type of vaginal preparation to avoid the potential

for misuse of these products if the term ‘‘Tablets’’ or ‘‘Cap-

sules’’ or ‘‘Suppositories’’ were to appear in the title.

Example:

Clotrimazole Vaginal Inserts~USP32

The term for route of administration is omitted for those dosage
forms for which the route of administration is understood. The gen-
eral form then becomes simply [DRUG] [DOSAGE FORM]. Thus,
capsules, tablets, and lozenges are administered via the oral route un-
less otherwise indicated by the title.
Examples:

Acetaminophen Capsules
Aminophylline Delayed-Release Tablets
Aspirin Extended-Release Tablets
Hexylresorcinol Lozenges
Meperidine Hydrochloride Tablets

Drugs that are injected may be administered via the intravenous,
intramuscular, subcutaneous, etc., route; the route being specified in
the labeling rather than in the name.
Examples:

Aurothioglucose Injectable Suspension
Epinephrine Injection
Fluorouracil Injection
Hydrocortisone Acetate Injectable Suspension
Phytonadione Injectable Emulsion

Creams, ointments, lotions, and pastes are applied topically, unless
otherwise indicated by the name.
Examples:

Benzoyl Peroxide Lotion
Betamethasone Dipropionate Cream
Estradiol Vaginal Cream
Nystatin Ointment
Zinc Oxide Paste

~

The term ‘‘Suppositories’’ is used in the titles of prepara-

tions that are intended for rectal administration.

Example:

Aspirin Suppositories~USP32

The term ‘‘for’’ is included in names, as appropriate, of prepara-
tions for which a solid drug substance must be dissolved or suspended
in a suitable liquid to obtain a dosage form, and the general form be-
comes [DRUG] for [ROUTE OF ADMINISTRATION] [DOSAGE
FORM].
Examples:

Ampicillin for Oral Suspension
Epinephrine Bitartrate for Ophthalmic Solution
Nafcillin for Injection
Spectinomycin for Injectable Suspension

In some instances, the drug is supplied in one dosage form for the
preparation of the intended dosage form.
Examples:

Aspirin Effervescent Tablets for Oral Solution
Methadone Hydrochloride Tablets for Oral Suspension
Papain Tablets for Topical Solution
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Systems are preparations of drugs in carrier devices that are applied
topically or inserted into body cavities, from which drugs are released
gradually over extended times, after which the carrier device is re-
moved. The general form for a system is [DRUG] [ROUTE] [SYS-
TEM].
Examples:
Nicotine Transdermal System
Progesterone Intrauterine Contraceptive System

The term ‘‘Vaginal Inserts’’, rather than ‘‘Vaginal Tablets’’ and
‘‘Vaginal Capsules’’, is used in the title of this type of vaginal prep-
aration to avoid the potential for misuse of these products if only the
term ‘‘Tablets’’ or ‘‘Capsules’’ were to appear in the title.
Example:
Clotrimazole Vaginal Inserts

The term ‘‘Suppositories’’ is used in the titles of preparations that
are intended primarily for rectal administration. Suppositories that are
intended for vaginal administration contain the term ‘‘Vaginal Sup-
positories’’ in the titles.
Examples:
Aspirin Suppositories
Miconazole Nitrate Vaginal Suppositories

~

~USP32

Some drugs are available as concentrated solutions that are not in-
tended for direct administration to humans or animals, but are to be
diluted with suitable liquid vehicles to obtain the intended prepara-
tion. The general form for these preparations, which are not dosage
forms, is [DRUG] [CONCENTRATE].
Examples:
Isosorbide Concentrate (used to prepare Isosorbide Oral Solu-
tion)
Glutaral Concentrate (used to prepare Glutaral Disinfectant So-
lution)

For products intended for parenteral administration, the use of the
word ‘‘Concentrate’’ in the monograph title is restricted to one spe-
cific monograph, Potassium Chloride for Injection Concentrate. The
word ‘‘Concentrate’’ should not appear in the monograph title for any
other parenteral product; rather, this issue is to be addressed in the
product labeling.
Some drugs are supplied as preparations that may be intermediates

used for convenience in formulating finished dosage forms. The gen-
eral form for such preparations, which are not finished dosage forms,
is [DRUG] [PREPARATION].
Examples:
Vitamin E Preparation
Cranberry Liquid Preparation&2S (USP30)

Add the following:

~

SALT NOMENCLATURE POLICY

The USP follows the policy below for naming dosage form

monographs:

The term used in the title of a monograph for a dosage

form formulated with a salt of an acid or base shall be

the same as that used in expressing the strength of the ar-

ticle.

Where the strength is expressed in terms of the salt, the

same salt name is used in the monograph title.

Where the strength is expressed in terms of the free acid

or base, the same acid or base name is used in the mono-

graph title.

With this policy, the dosage form monograph title uses the

name of the molecule on which dosing and monitoring are

based. Exceptions to the policy may rarely be made with suit-

able justification.

The application of this policy (1) is based on the strength

that appears in FDA-approved labeling, (2) is intended for

use in titles of monographs on dosage forms formulated from

salts of organic acids and bases, (3) is not used in titles of dos-

age form monographs defined as containing esters, and (4) is

not used in titles of drug substance monographs.

The Salt Nomenclature Policy is followed by USP in nam-

ing dosage forms that are newly admitted to the United States

Pharmacopeia. Revising existing monographs on dosage

forms to conform to the policy is not intended, except in cases

where other revisions to the monograph would require label-

ing changes or where the USP Council of Experts determines

that, for reasons such as safety, a nomenclature change is war-

ranted.

When existing monographs are being revised or when new

monographs that will require relabeling of the products are

adopted, a delayed implementation of official dates of change

of nomenclature and labeling is usually followed. Exceptions

to the approach using a delayed implementation date are con-

sidered on an individual basis. For example, an earlier rather

than a delayed implementation date may be considered in cas-

es where public health and safety are an issue.~USP31

Add the following:

~

POLICY FOR POSTPONEMENT SCHEDULES

It is the practice of USP to postpone the official dates of no-

menclature and labeling revisions for a reasonable time pri-

marily to allow for product label changes to be made and to
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allow health practitioners and consumers time to become fa-

miliar with the new terminology. A postponement period of

18 months is usually applied when only one or a small number

of products is affected. A postponement period of 30 months is

usually applied when names or labeling of multisource prod-

ucts or multiproduct lines of a firm’s preparations are being

changed. A postponement period of 60 months is usually ap-

plied for title and labeling changes that affect excipients, be-

cause such changes would require relabeling of very large

numbers of prescription-only and OTC preparations.

There may be exceptions to this postponement schedule

where a shorter time is needed in order to specify nomencla-

ture and labeling changes in cases where public health and

safety are a concern.

The assignment of a postponement schedule is handled by

the USP Expert Committee on Nomenclature. The postpone-

ment schedules are presented below. USP’s implementation of

a postponement schedule is automatic, unless an exception is

sought. Exceptions to the postponement schedule are rarely

made, and must have suitable justification as well as the ap-

proval of the Expert Committee on Nomenclature. Any ques-

tions or concerns regarding this postponement schedule may

be addressed to the USP staff liaison assigned to the Expert

Committee on Nomenclature.

18 months—Schedule for title and labeling changes for a

drug product. One or few companies are involved. Example:

Sterile [Drug] change to [Drug] for Injection.

30 months—Schedule for title and labeling changes for pre-

scription-only and OTC products.

1. Extensive product line for a company. Examples: syrups

and elixirs.

2. Several companies are involved. Examples: syrups and

elixirs; lotions; sunscreens.

60 months—Schedule for title and labeling changes for ex-

cipient monographs. Ingredient names in numerous multi-

source products are affected.~USP31
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

8-Amino-6-methoxyquinoline. It is proposed to add this new
reagent used in the monograph for Primaquine Phosphate Tablets,
published in PF 33(5) [Sept.–Oct. 2007].

(HDQ: M. Marques) RTS—C58058

Add the following:

~8-Amino-6-methoxyquinol ine (6-Methoxy-8-

aminoquinoline), C10H10N2O—174.2 [90-52-8]—Use a suit-

able grade with a content of not less than 98.0%.

[NOTE—A suitable grade is available from www.

3bmedicalsystems.com, catalog number 3B3-002598.]~USP32

BRIEFING

a-Amylase, USP 30 page 749. It is proposed to update the
specifications of this reagent to reflect the products currently
available on the market.

(HDQ: M. Marques) RTS—C58086

Change to read:

a-Amylase—Use a suitable grade.
[NOTE—A suitable grade for the Dissolution test for Carisoprodol

Tablets is Type VIII-A, from barley malt, available from Sigma-
Aldrich, www.sigma-aldrich.com.]

~It can be from vegetal or animal or microbiological

origin.~USP32

BRIEFING

Bismuth Subnitrate. It is proposed to add this new reagent.

(HDQ: M. Marques) RTS—C58077

Add the following:

~Bismuth Subnitrate (Bismuth(III) Nitrate Basic),

Bi5O(OH)9(NO3)4—1461.99 [1304-85-4]—Use Bismuth Sub-

nitrate (USP monograph).~USP32

BRIEFING

Sodium Phosphite Pentahydrate. It is proposed to add this new
reagent used in the test for Limit of phosphate and phosphite in the
monograph for Foscarnet Sodium, which also appears in this issue of
PF.

(HDQ:M. Marques) RTS—C58079

Add the following:

~Sodium Phosphite Pentahydrate (Disodium Hydrogen

Phosphite), Na2HPO3 � 5H2O—216.04 [13517-23-2]—Use

a suitable grade with a content of not less than 98%.

[NOTE—A suitable grade is available from Fluka,

www.sigma-aldrich.com, catalog number 04283.]~USP32

BRIEFING

Tetrahexylammonium Hydrogen Sulfate. It is proposed to add
this new reagent used to prepare the Mobile phase in the test for
Limit of foscarnet related compound B, unknown impurities, and
total impurities in the proposed new monograph for Foscarnet
Sodium, which also appears in this issue of PF.

(HDQ:M. Marques) RTS—C58277

Add the following:

~Te t rahexy l ammon ium Hydrogen Su l f a t e ,

C24H53NO4S—451.75[32503-34-7]—Use a suitable grade

with a content of not less than 98.0%.~USP32
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Volumetric Solutions

BRIEFING

Volumetric Solutions, USP 30 page 815, page 4030 of the
Second Supplement, and page 1049 of PF 33(5) [Sept.–Oct. 2007]. It
is proposed to make editorial changes in Bismuth Nitrate, 0.01 mol/
L.

(HDQ: M. Marques) RTS—C57792

Change to read:

Bismuth Nitrate, 0.01 mol/L

~M~USP32

Bi(NO3)3 � 5H2O, 485.07
1000 mL of this solution contains 4.851 g of bismuth nitrate

pentahydrate
Dissolve 4.86 g of bismuth nitrate pentahydrate in 60 mL of dilute

nitric acid, add water to make 1000 mL, and standardize the solution
as follows.
Accurately measure 25 mL of the prepared bismuth nitrate

solution, add 50 mL of water and 1 drop of xylenol orange TS, and
titrate the solution with 0.01 mol/L of disodium dihydrogen
ethylenediamine tetraacetate

~0.01M edetate disodium~USP32
VS until the red color changes to yellow. Calculate the molarity
factor.

Change to read:

Ceric Sulfate, Tenth-Normal (0.1 N)
Ce(SO4)2, 332.24

33.22 g in 1000 mL
Use commercially available volumetric standard solution. Stan-

dardize the solution as follows.
Accurately weigh about 0.2 g of sodium oxalate, primary standard,

previously dried for 2 hours at 105 8,

~dried according to the instructions on its label,~USP31
and dissolve in 75 mL of water. Add, with stirring, 2 mL of sulfuric
acid that has previously been mixed with 5 mL of water, mix well,
add 10 mL of hydrochloric acid, and heat to between 708 and 758.
Titrate with 0.1N ceric sulfate to a permanent slight yellow color.
Each 6.700 mg of sodium oxalate is equivalent to 1 mL of 0.1N
ceric sulfate.

Add the following:

&Iodine, Twentieth-Normal (0.05N)
I, 126.90

6.33 g in 1000 mL

Dissolve about 6.5 g of iodine in a solution of 18 g of

potassium iodide in 100 mL of water, add 3 drops of

hydrochloric acid, dilute with water to 1000 mL, and

standardize the solution as follows.

Transfer 50.0 mL of the iodine solution to a 250-mL flask,

dilute with water to 100 mL, add 1 mL of 1N hydrochloric

acid, swirl gently to mix, and titrate with 0.1N sodium

thiosulfate VS until the solution has a pale yellow color. Add

2 mL of starch TS, and continue titrating until the solution is

colorless.

&2S (USP31)

Change to read:

Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of chlorobenzene. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Methanol
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
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mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of methanol. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Toluene
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of toluene. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Mercuric Nitrate, Tenth-Molar (0.1 M)
Hg(NO3)2, 324.60

32.46 g in 1000 mL
Dissolve about 35 g of mercuric nitrate in a mixture of 5 mL of

nitric acid and 500 mL of water, and dilute with water to 1000 mL.
Standardize the solution as follows.
Transfer an accurately measured volume of about 20 mL of the

solution to a conical flask, and add 2 mL of nitric acid and 2 mL of
ferric ammonium sulfate TS. Cool to below 208, and titrate with
0.1 N ammonium thiocyanate VS to the first appearance of
a permanent brownish color.

Change to read:

Potassium Permanganate, Tenth-Normal (0.1 N)
KMnO4, 158.03

3.161 g in 1000 mL
Dissolve about 3.3 g of potassium permanganate in 1000 mL of

water in a flask, and boil the solution for about 15 minutes. Insert the
stopper in the flask, allow it to stand for at least 2 days, and filter
through a fine-porosity, sintered-glass crucible. If necessary, the
bottom of the sintered-glass crucible may be lined with a pledget of
glass wool. Standardize the solution as follows.
Accurately weigh about 200 mg of sodium oxalate, previously

dried at 1108 to constant weight,

~dried according to the instructions on its label,~USP31
and dissolve it in 250 mL of water. Add 7 mL of sulfuric acid, heat to
about 708, and then slowly add the permanganate solution from
a buret, with constant stirring, until a pale pink color, which persists
for 15 seconds, is produced. The temperature at the conclusion of the
titration should be not less than 608. Calculate the normality. Each
6.700 mg of sodium oxalate is equivalent to 1 mL of 0.1N potassium
permanganate.
Since potassium permanganate is reduced on contact with organic

substances such as rubber, the solution must be handled in apparatus
entirely of glass or other suitably inert material. It should be
frequently restandardized. Store in glass-stoppered, amber-colored
bottles.

Change to read:

Sodium Tetraphenylboron, Fiftieth-Molar (0.02 M)
NaB(C6H5)4, 342.22
6.845 g in 1000 mL

Dissolve an amount of sodium tetraphenylboron, equivalent to
6.845 g of NaB(C6H5)4, in water to make 1000 mL, and standardize
the solution as follows.
Pipet two 75-mL portions of the solution into separate beakers,

and to each add 1 mL of acetic acid and 25 mL of water. To each
beaker add, slowly and with constant stirring, 25 mL of potassium
biphthalate solution (1 in 20), and allow to stand for 2 hours. Filter
one of the mixtures through a filtering crucible, and wash the
precipitate with cold water. Transfer the precipitate to a container,
add 50 mL of water, shake intermittently for 30 minutes, filter, and
use the filtrate as the saturated potassium tetraphenylborate solution
in the following standardization procedure. Filter the second mixture
through a tared filtering crucible, and wash the precipitate with three
5-mL portions of saturated potassium tetraphenylborate solution.
Dry the precipitate at 1058 for 1 hour. Each g of potassium
tetraphenylborate (KTPB) is equivalent to 955.1 mg of sodium
tetraphenylboron.

NOTE—Prepare this solution just before use.
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REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets,USP 30 page
825, page 4032 of the Second Supplement, and page 1268 of PF 33(6)
[Nov.–Dec. 2007].

(HDQ) RTS—C44537; C54705

The following table is provided as a reminder for the pharmacist
engaged in the typical dispensing situation who already is acquainted
with the Packaging and storage requirements set forth in the individ-
ual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T),
well-closed (W), and light-resistant (LR) specifications applicable
to containers in which the drug that is repackaged should be dis-
pensed.
This table is not intended to replace, nor should it be interpreted as

replacing, the definitive requirements stated in the individual mono-
graphs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Acitretin Capsules W, LR&1S (USP31)

Add the following:

~

Arginine Capsules T, LR~USP32

Add the following:

~

Arginine Tablets T, LR~USP32

Add the following:

~

Bicalutamide Tablets T~USP32

Add the following:

~

Carprofen Tablets T~USP31

Add the following:

&Carvedilol Tablets T, LR&2S (USP31)

Add the following:

&Cat’s Claw Capsules T, LR&1S (USP31)

Add the following:

&Cat’s Claw Tablets T, LR&1S (USP31)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Change to read:

Cefaclor

&Chewable&2S (USP31)

Tablets T

Add the following:

~

Cefdinir Capsules T, LR~USP32

Add the following:

&Cilostazol Tablets T, LR&1S (USP31)

Add the following:

&Colestipol Hydrochloride Tablets T&2S (USP31)

Add the following:

&Curcuminoids Capsules W, LR&2S (USP32)

Add the following:

~

Curcuminoids Tablets W, LR~USP32

Add the following:

&Didanosine Tablets for Oral Suspension T&2S (USP31)

Add the following:

&Estradiol Vaginal Tablets T&1S (USP31)

Add the following:

~

Fenofibrate Capsules W~USP32

Add the following:

&Fish Oil Containing Omega-3 Acids

Capsules

T&1S (USP31)

Add the following:

~

Flavoxate Hydrochloride Tablets W, LR~USP32

Add the following:

~

Gabapentin Tablets W~USP31

Add the following:

&Galantamine Tablets &1S (USP31)
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Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Change to read:

&Asian Ginseng Capsules T, LR

&

&1S (USP31)

Add the following:

&Glimepiride Tablets W&1S (USP31)

Add the following:

~

Isosorbide Mononitrate Tablets,

Extended-Release T~USP31

Add the following:

&Ivermectin Tablets W&2S (USP31)

Add the following:

&Ketoprofen Capsules, Extended-

Release T&1S (USP31)

Add the following:

~

Lisinopril and Hydrochlorothiazide

Tablets W~USP32

Add the following:

&Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR&1S (USP31)

Add the following:

~

Metformin Hydrochloride Tablets,

Extended-Release W, LR~USP31

Add the following:

~

Mirtazapine Orally Disintegrating

Tablets LR~USP32

Add the following:

~

Ofloxacin Tablets T, W~USP31

Add the following:

&Orlistat Capsules T&1S (USP31)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Oxycodone Hydrochloride Tablets,

Extended-Release T, LR~(USP31

Add the following:

~

Pantoprazole Sodium Delayed-Release

Tablets T~USP32

Add the following:

&Raloxifene Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Soy Isoflavones Capsules T,LR~USP32

BRIEFING

Description and Relative Solubility of USP and NF Articles,
USP 30 page 832, page 4033 of the Second Supplement, page 266
of PF 29(1) [Jan.–Feb. 2003], page 591 of PF 31(2) [Mar.–Apr.
2005], page 1193 of PF 31(4) [July–Aug. 2005], page 188 of PF
32(1) [Jan.–Feb. 2006], page 662 of PF 32(2) [Mar.–Apr. 2006], page
110 of PF 33(1) [Jan.–Feb. 2007], page 285 of PF 33(2) [Mar.–Apr.
2007], page 507 of PF 33(3) [May–June 2007], page 775 of PF 33(4)
[July–Aug. 2007], page 1053 of PF 33(5) [Sept.–Oct. 2007], and
page 1270 of PF 33(6).

(HDQ) RTS—C48868; C49303; C49306; C56772; C58406;
C58641

Add the following:

~

rAlbumin Human: Clear, slightly viscous, and color-

less to yellow amber in color. NF category: Vehicle-steri-

le.~USP32

Add the following:

~

Alfuzosin Hydrochloride: White to almost white pow-

der, slightly hygroscopic. Freely soluble in water; sparingly

soluble in alcohol; practically insoluble in methylene chlo-

ride.~USP32
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Add the following:

~

Cabergoline: White or almost white, crystalline powder.

Freely soluble in alcohol (96%); slightly soluble in 0.1M hy-

drochloric acid; very slightly soluble in hexane; practically in-

soluble in water. ~USP32

Add the following:

~

Foscarnet Sodium: White to almost white, crystalline

powder. Soluble in water; pract ical ly insoluble in

alcohol.~USP32

Change to read:

Vancomycin Hydrochloride:

~

White, almost white, or ~USP32

tan to brown, free-flowing powder, odorless, and having a bitter
taste. Freely soluble in water; insoluble in ether and in chloroform.

Delete the following:

~

Sterile Vancomycin Hydrochloride: Tan to brown, free-flow-
ing powder, odorless and having a bitter taste. Freely soluble in water;
insoluble in ether and in chloroform.~USP32
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and published in the Phar-

macopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an item is adopted, it is published in the

USP–NF, its Supplements, or an IRA. Those items that have not yet been adopted are marked as Pending Proposals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Requirements; USPmono-

graphs; Dietary Supplements Monographs; General Chapters; Reference Tables; Excipients; and NF Monographs. Each entry in the

Pending Proposals list contains the monograph title and the citation of the most recent publication of the monograph. Reprints of PF

proposals may be purchased from USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.
� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible for the proposed revi-

sions. The contact information (phone number and email) for the Scientific Liaison is available in the Staff Directory section of How to Use
PF. For USP–NF Online subscribers, the name and contact information for the assigned Scientific Liaison is available in the Auxiliary
Information portion of each monograph.

� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chapter of interest.
� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general chapter in the subject line of

the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were pending, but have since

been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e., 34(1) through 34(6)]. Note that canceled proposals

may be republished in PF to be considered for future adoption into the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
Acarbose (new) 33 3 388
Acetazolamide Oral Solution (new) 32 1 43
Acetazolamide Oral Suspension (new) 32 1 44
Acetylcysteine—USP Reference standards, Assay 31 3 726
Acitretin (new) 33 3 390
Acitretin Capsules (new) 33 3 392
Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add)
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content
(add)

31 5 1338

Albuterol Tablets—Assay 31 3 726
Alprazolam—USP Reference Standards, Identification, Loss on drying,
Chromatographic purity (delete), Related compounds (add), Assay

33 5 868

Alprazolam Oral Suspension (new) 32 1 46
Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable
Tablets (new)

29 6 1836

Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets—
Title (name change), Defoaming activity (delete)

33 5 870

Alumina, Magnesia, and Simethicone Chewable Tablets (new)—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Oral Suspension—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Tablets—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Chewable Tablets—
Defoaming activity (delete)

33 5 871

Amiloride Hydrochloride and Hydrochlorothiazide Tablets—Dissolution 33 4 636
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Arginine Capsules (new) 33 6 1160
Arginine Tablets (new) 33 6 1161
Atovaquone—Heavy metals 33 4 637
Avobenzone— Assay 33 5 872
Azathioprine Oral Suspension (new) 32 1 48
Aztreonam— Definition, Labeling, Identification, Water 33 5 872
Aztreonam for Injection—Assay 31 3 737
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Bacitracin—Chemical structure (add), Definition,
Identification, Residue on ignition (add),
Composition (add)

33 5 873

Bacitracin Zinc—Definition, Identification,
Composition (add)

33 5 875

Baclofen—Assay 33 2 211
Baclofen Oral Solution (new) 32 1 49
Baclofen Oral Suspension (new) 32 1 51
Bemotrizinol (new) 32 4 1044
Benzonatate Capsules—Dissolution 33 3 394
Bethanechol Chloride Oral Solution (new) 32 1 55
Bethanechol Chloride Oral Suspension (new) 32 1 57
Bicalutamide (new) 33 5 876
Biological Indicators for Moist Heat, Dry Heat, and Gaseous
Modes of Sterilization, Metal or Plastic Carriers (new)

30 1 63

Biological Indicators for Moist Heat, Dry Heat, and Gaseous
Modes of Sterilization, Liquid Spore Suspensions (new)

30 1 66

Bismuth Subsalicylate Magma—Packaging and storage 33 4 638
Bisoctrizole (new) 32 2 309
Bupropion Hydrochloride—Identification, Related compounds,
Content of chloride (delete)

33 4 638

Bupropion Hydrochloride Tablets—Identification 33 2 211
Buspirone Hydrochloride—Content of chloride 31 3 742
Calcitonin Salmon (new) 33 5 878
Calcitonin Salmon Injection (new) 30 4 1177
Calcitonin Salmon Nasal Solution (new) 32 3 767
Calcium Carbonate and Magnesia Tablets (title change)—Labeling 33 2 211
Calcium Carbonate and Magnesia Chewable Tablets (new) 33 2 212
Calcium Carbonate, Magnesia, and Simethicone Tablets (new)—
Defoaming activity (delete)

33 5 888

Calcium Carbonate, Magnesia, and Simethicone Chewable Tablets
(new)—Defoaming activity (delete)

33 5 888

Camphor—Water 31 3 742
Captopril Oral Solution (new) 32 1 63
Captopril Oral Suspension (new) 32 1 64
Carbachol—Identification 33 2 213
Carbachol Intraocular Solution—Identification 33 2 213
Carbachol Ophthalmic Solution—Identification 33 2 214
Carprofen (new) 32 6 1667
Carprofen Tablets (new) 32 6 1669
Carvedilol (new) 32 4 1057
Carvedilol Tablets (new) 33 5 888
Cefdinir (new) 33 6 1162
Cefaclor Tablets (new) 33 4 641
Ciclopirox—Related compounds 33 4 642
Ciclopirox Olamine—Related compounds 33 4 643
Cilostazol Tablets (new) 33 3 395
Citalopram Hydrobromide—Identification, 33 2 214
Citalopram Tablets—Dissolution 33 1 46
Anhydrous Citric Acid (Harmonization), Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization), Sulfate 31 3 750
Citric Acid, Magnesium Oxide, and Sodium Carbonate
Irrigation—USP Reference standards, Assay for citric
acid (delayed implementation to January 1, 2009)

31 2 394

Cladribine—Specific rotation, Related compounds,
Limit of residual solvents

33 1 49

Climbazole (new) 33 5 891
Clonazepam Oral Suspension (new) 32 1 73
Clopidogrel Tablets—Dissolution, Related compounds 33 1 50
Clozapine—USP Reference standards, Identification,
Chromatographic purity (delete), Related compounds (add)

33 5 893

Colchicine—Definition 33 3 396
Colestipol Hydrochloride—Identification 33 5 895
Colestipol Hydrochloride for Oral Suspension—
Identification (add)

33 5 896

Colestipol Hydrochloride Tablets (new) 33 5 896
Cupric Sulfate—Limit of calcium 33 5 898
Cyromazine (new) 33 4 644
Cytarabine for Injection—Assay 33 1 51
Dalteparin Sodium (new) 30 5 1598
Dantrolene Sodium Capsules—Dissolution 33 4 645
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(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Dapsone—Assay 31 3 750
Acellular Dermal Matrix (new) 33 5 898
Desmopressin Nasal Spray Solution (new) 31 4 1059
Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclofenac Sodium Delayed-Release Tablets—Identification 31 3 751
Diclofenac Sodium Extended-Release Tablets (new) 33 2 218
Didanosine Tablets for Oral Suspension (new) 33 5 903
Diethylstilbestrol Diphosphate (delete entire monograph) 33 6 1165
Diethylstilbestrol Diphosphate Injection (delete entire monograph) 33 6 1167
Dihydrocodeine Bitartrate—Definition 33 3 396
Dihydroxyaluminum Sodium Carbonate Chewable
Tablets (new)

29 6 1873

Diltiazem Hydrochloride—Definition 33 5 907
Diltiazem Hydrochloride Oral Solution (new) 32 1 79
Diltiazem Hydrochloride Oral Suspension (new) 32 1 80
Dimenhydrinate—Identification 33 5 907
Dimenhydrinate Injection—USP Reference standards, Identification 33 5 907
Dimethyl Sulfoxide Gel—Deliverable volume (delete),
Minimum fill (add)

33 1 52

Dinoprost Tromethamine Injection (new) 33 5 908
Dipyridamole Oral Suspension (new) 32 1 81
Dolasetron Mesylate Oral Solution (new) 32 1 83
Dolasetron Mesylate Oral Suspension (new) 32 1 84
Dyclonine Hydrochloride—Chemical information 33 6 1167
Egg Phospholipids (new) 31 3 757
Enalapril Maleate and Hydrochlorothiazide Tablets—
Dissolution

33 2 220

Enoxaparin Sodium (new) 33 1 52
Enoxaparin Sodium Injection (new) 33 1 58
Eprinomectin (new) 33 1 60
Esomeprazole Magnesium (new) 33 3 397
Estradiol—Chemical information, Labeling (add) 33 6 1167
Estradiol Benzoate (new) 33 2 220
Estradiol Vaginal Inserts (new) 32 4 1071
Conjugated Estrogens—Definition 30 3 840
Synthetic Conjugated Estrogens (new) 31 6 1620
Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Ethinyl Estradiol Tablets—Disintegration (delete), Dissolution (add) 31 4 1067
Ethionamide—Assay 33 4 648
Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Eucatropine Hydrochloride (delete entire monograph) 33 6 1168
Eucatropine Hydrochloride Ophthalmic Solution (delete entire
monograph)

33 6 1168

Famotidine Injection (new) 32 2 333
Famotidine Tablets—Dissolution 33 4 649
Fenofibrate (new) 31 3 763
Fenofibrate Capsules (new) 33 6 1169
Finasteride Tablets—Dissolution 32 6 1681
Flavoxate Hydrochloride (new) 33 6 1172
Flavoxate Hydrochloride Tablets (new) 33 6 1174
Flucytosine Oral Suspension (new) 32 1 92
Fludarabine Phosphate Injection (new) 33 2 232
Fludeoxyglucose F 18 Injection—Chemical purity 33 6 1176
Flumazenil Injection—Bacterial endotoxins 33 2 234
Flurazepam Hydrochloride—Identification 31 3 766
Fluvastatin Sodium—Labeling (add), Identification, Water,
Chromatographic purity

33 1 64

Fluvestrant (new) 33 5 99
Formaldehyde Solution—Definition, Labeling (delete),
Content of methanol (add), Assay

33 4 650

Formoterol Fumarate (new) 33 3 402
Gabapentin—Labeling (delete), Limit of chloride (delete),
Related compounds (add), Assay

32 6 1689

Gabapentin Capsules (new) 32 6 1693
Gabapentin Tablets (new) 32 6 1695
Galantamine Hydrobromide (new) 33 2 234
Galantamine Tablets (new) 33 3 407
Ganciclovir Oral Suspension (new) 32 1 113
Glimipiride Tablets (new) 33 3 411
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Glutaral Concentrate—Specific gravity 31 3 766
Glyburide Tablets—Dissolution 33 4 651
Glyburide and Metformin Hydrochloride Tablets (new) 31 3 766
Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride (new) 33 6 1176
Heparin Sodium—Definition, Anti-factor Xa

activity, Assay
33 2 238

Hydrocodone Bitartrate and Homatropine Methylbromide Tablets—
Labeling (add), Dissolution (add)

33 4 654

Hydrocortisone Tablets— Dissolution 33 1 72
Hyoscyamine Sulfate—Specific rotation 33 4 659
Imipenem and Cilastatin for Injection—Uniformity of dosage units (add) 32 6 1698
Imipenem and Cilastatin for Injectable Suspension—Uniformity of
dosage units (add)

32 6 1698

Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Iopamidol—Chemical structure, Reference standards, Identification,
Related compounds

33 6 1179

Iopamidol Injection—Assay 33 6 1182
Ipratropium Bromide (new) 33 2 241
Isopropyl Alcohol—Reference standards 33 6 1182
Diluted Isosorbide Mononitrate—USP Reference standards, Assay 32 6 1699
Isosorbide Mononitrate Extended-Release Tablets (new) 33 4 659
Isotretinoin Capsules—Dissolution 33 4 666
Ivermectin—Definition 33 5 912
Ivermectin Injection (new) 33 5 913
Ivermectin Paste (new) 33 5 914
Ivermectin Topical Solution (new) 33 5 916
Ivermectin Tablets (new) 33 5 918
Ivermectin and Clorsulon Injection (new) 33 5 921
Ketoprofen—Assay 31 3 772
Ketoprofen Extended-Release Capsules (new) 31 5 1378
Labetalol Hydrochloride Oral Solution (new) 32 1 116
Labetalol Hydrochloride Oral Suspension (new) 32 1 117
Lactulose Concentrate—Related compounds, Assay 32 6 1709
Lansoprazole—Definition, Water, Residue on ignition,
Chromatographic purity, Assay

32 6 1710

Leflunomide (new) 31 5 1380
Leflunomide Tablets (new) 32 6 1712
Letrazole Tablets—Related compounds 33 2 244
Levalbuterol Hydrochloride (new) 33 3 416
Levalbuterol Inhalation Solution (new) 33 3 420
Levocabastine Hydrochloride (new) 31 6 1647
Levofloxacin (new) 32 2 347
Levothyroxine Sodium—Definition, Identification,
Water, Method III (delete), Water, Method I (add),
Limit of inorganic iodides (delete),
Limit of liothyronine sodium (delete),
Related compounds (add), Assay

33 3 422

Liothyronine Sodium—Identification, Limit of
inorganic iodide (delete), Limit of
levothyroxine sodium, Assay

33 3 426

Lipid Injectable Emulsion (new) 32 2 350
Lisinopril and Hydrochlorothiazide Tablets (new) 33 6 1182
Loratadine and Pseudoephedrine Sulfate Extended-Release Tablets (new) 32 6 1715
Lorazepam—USP Reference standards, Identification,
Related compounds, Assay

33 3 427

Lorazepam Tablets—Related compounds 33 3 429
Magadrate and Simethicone Tablets—Title (name change),
Defoaming activity (delete)

33 5 923

Magaldrate and Simethicone Chewable Tablets (new)
Defoaming activity (delete)

33 5 924

Magnesium Carbonate—Limit of calcium, Assay 32 6 1719
Magnesium Carbonate and Citric Acid for Oral Solution—
USP Reference standards (add), Content of anhydrous
citric acid, Other requirements (delayed implementation
to January 1, 2009)

31 2 419

Magnesium Chloride—Limit of calcium 32 6 1720
Magnesium Citrate Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 420
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Magnesium Citrate for Oral Solution—USP Reference
standards (add), Content of anhydrous citric acid,
Other requirements (delayed implementation
to January 1, 2009)

31 2 421

Magnesium Oxide—Limit of calcium, Assay 32 6 1720
Mannitol Injection—Labeling 32 2 263
Meclizine Hydrochloride—Chromatographic purity 33 6 1186
Meclizine Hydrochloride Tablets—Identification,
Dissolution, Related compounds, Assay

33 6 1186

Mefloquine Hydrochloride—Assay 33 4 667
Meloxicam Oral Suspension (new) 32 6 1721
Meropenem for Injection—Assay 32 6 1724
Metformin Hydrochloride Extended-Release Tablets (new) 32 6 1726
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylphenidate Hydrochloride Tablets—USP Reference
standards, Assay

33 2 246

Methylprednisolone—Chromatographic purity, Assay 33 6 1189
Metolazone Oral Suspension (new) 32 1 119
Metoprolol Tartrate Oral Solution (new) 32 1 121
Metoprolol Tartrate Oral Suspension (new) 32 1 122
Metronidazole Benzoate—USP Reference standards,
Related compounds

31 3 781

Mineral Oil—CAS number (add), Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add),
Neutrality (delete), Acidity (add), Readily carbonizable
substances, Limit of polynuclear compounds, Limit of sulfur compounds
(add)

33 5 962

Mineral Oil, Rectal—Packaging and storage, USP Reference standards
(add), Identification (add), Neutrality (delete),
Acidity (add)

33 5 964

Topical Light Mineral Oil—Packaging and storage,
Labeling, USP Reference standards (add), Identification,
Viscosity, Neutrality and solid paraffin (delete), Acidity (add),
Solid paraffin (add)

33 5 964

Mirtazapine Orally Disintegrating Tablets (new) 33 6 1189
Morantel Tartrate—Definition, pH, Related compounds 32 6 1735
Mycophenolate Mofetil (new) 33 5 924
Naphazoline Hydrochloride Ophthalmic
Solution—Assay

33 5 926

Naproxen Delayed-Release Tablets 33 6 1192
Nicotine Transdermal System—Drug release, Assay 33 5 927
Norethindrone Tablets—Labeling (add), Disintegration (delete),
Dissolution (add)

33 6 1193

Norethindrone Acetate and Ethinyl Estradiol Tablets—Dissolution 33 3 432
Norethindrone Acetate and Ethinyl Estradiol Tablets—Identification 33 6 1194
Octinoxate—Chromatographic purity, Assay 33 2 246
Octocrylene—Identification, Assay 33 5 929
Ofloxacin—Chromatographic purity (delete), Related
compounds (add)

30 4 1274

Ofloxacin Tablets (new) 33 3 434
Omeprazole Magnesium (new) 33 3 436
Ondansetron Hydrochloride—Limit of ondansetron
related compound D, Assay

32 1 126

Ondansetron Hydrochloride Oral Suspension (new) 32 1 127
Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution

33 3 439

Orlistat Capsules (new) 32 6 1739
Oxandrolone—Ordinary impurities (delete)
Related compounds (add), Assay

33 2 247

Oxandrolone Tablets—Identification, Dissolution, Assay 33 5 929
Oxybutynin Chloride—Definition 33 5 932
Oxycodone Hydrochloride Extended-Release Tablets (new) 32 6 1745
Oxytocin Injection—Definition, Packaging and storage 32 6 1750
Paclitaxel—USP Reference standards, Related compounds 33 2 250
Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Pantoprazole Sodium (new) 33 6 1194
Pantoprazole Sodium Delayed-Release Tablets (new) 33 6 1197
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Paricalcitol—Identification, Chromatographic
purity, Assay

33 2 252

Paroxetine Hydrochloride—Limit of related compound C,
Limit of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine,
Chromatographic purity, Assay

33 5 932

Paroxetine Tablets—Identification, Uniformity of dosage units, Assay 33 4 672
Pectin—Identification 31 3 783
Penicillamine Capsules—Dissolution 31 2 436
Pentazocine and Acetaminophen Tablets —Title, Assay for pentazocine,
Assay for acetaminophen

33 6 1200

Pentobarbital Sodium—Labeling (add), USP Reference
standards, Other requirements (add)

31 1 73

Permethrin (new) 32 4 1100
Permethrin Cream (new) 32 4 1102
Petrolatum (new)—Harmonization 28 2 569
White Petrolatum (new)—Harmonization 28 2 570
Phenoxybenzamine Hydrochloride Capsules—Uniformity of
dosage units, Related compounds (add), Assay

32 6 1750

Phenylbutazone Boluses—Definition 33 1 82
Phenylbutazone Tablets—Definition, Labeling (add) 33 1 82
Phenytoin Chewable Tablets (new) 29 6 1965
Piperacillin and Tazobactam Injection (new) 31 2 437
Piperacillin and Tazobactam for Injection (new) 31 2 439
Piperazine Adipate (new) 33 6 1201
Piperazine Dihydrochloride (new) 33 6 1202
Piperazine Phosphate (new) 33 6 1204
Piroxicam Cream (new) 32 1 134
Polyethlene Glycol 3350 and Electrolytes for Oral Solution—
Reference standards, Assay for potassium and sodium

33 6 1205

Polyvinyl Alcohol—Definition, Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Viscosity,
Residue on ignition, Heavy metals (add), Acid value (add),
Water-insoluble substances, Limit of methanol (methyl alcohol)
and methyl acetate (add)

33 6 1206

Potassium and Sodium Bicarbonates and Citric Acid
Effervescent Tablets for Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 440

Potassium Bitartrate—Limit of ammonia 31 3 786
Potassium Bromide Oral Solution, Veterinary (new) 33 5 936
Potassium Citrate Extended-Release Tablets—USP
Reference standards (add), Assay (delayed implementation
to January 1, 2009)

31 2 443

Potassium Citrate and Citric Acid Oral Solution—USP
Reference standards (add), Assay for citrate
(delayed implementation to January 1, 2009)

31 2 444

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Povidone-Iodine—Nitrogen content 33 5 937
Primaquine Phosphate—Identification, Assay 33 5 937
Primaquine Phosphate Tablets—Uniformity of dosage units, Assay 33 5 938
Progesterone Vaginal Suppositories—Definition 33 1 82
Promethazine Hydrochloride—USP Reference standards,
Related compounds

32 4 1105

Promethazine Hydrochloride Tablets—USP Reference standards,
Related compounds, Assay

32 4 1107

Propofol Injectable Emulsion (new) 33 6 1208
Pyrimethamine—Identification, Assay 33 5 939
Quinidine Sulfate Oral Suspension (new) 32 1 136
Racepinephrine Hydrochloride—Identification 32 6 1752
Raloxifene Hydrochloride (new) 33 4 673
Raloxifene Hydrochloride Tablets (new) 33 4 676
Ramipril—Definition, Assay 31 3 787
Ranitidine Hydrochloride—Chromatographic purity, Assay 32 6 1752
Oral Rehydration Salts—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 5 1399

Reserpine Tablets—Uniformity of dosage units 33 3 453
Risperidone Tablets—Related compounds 32 4 1109
Ritonavir—Related compounds 33 4 679
Salicylic Acid—USP Reference standards (add), Sulfate,
Related compounds

33 1 83
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Salsalate Tablets—Assay 33 6 1211
Saquinavir Mesylate—Heavy metals 33 5 940
Sevoflurane (new) 33 5 940
Simethicone Capsules—Disintegration, Defoaming activity (delete) 33 5 948
Simethicone Oral Suspension—Defoaming activity (delete) 33 5 948
Simethicone Tablets—Defoaming activity (delete) 33 5 948
Simvastatin—Definition, Chromatographic purity 33 5 948
Sodium Bromide Injection, Veterinary (new) 33 5 949
Sodium Bromide Oral Solution, Veterinary (new) 33 5 950
Sodium Chloride—Identification, Loss on drying,
Limit of potassium (postponed indefinitely)

32 2 264

Succinylcholine Chloride—Chromatographic purity 32 6 1754
Sucralfate—Identification 33 2 254
Silver Sulfadiazine—Silver content 33 5 951
Sulfadimethoxine Sodium—Loss on drying 33 2 254
Sulfamethazine Granulated—Assay 31 3 797
Sulfamethoxazole—Packaging and storage 33 3 455
Sulisobenzone—Definition, Identification,
Water (add), Assay

33 3 456

Sumatriptan Succinate (new) 33 3 456
Sumatriptan Succinate Oral Suspension (new) 32 1 144
Tamsulosin Hydrochloride (new) 33 6 1211
Tazobactam (new) 32 6 1755
Terbinafine Hydrochloride (new) 33 3 459
Terbutaline Sulfate Inhalation Aerosol—USP Reference
standards, Assay

31 2 450

Thiabendazole Chewable Tablets (new) 29 6 1991
Thioridazine Hydrochloride—Identification 31 3 798
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tizanidine Hydrochloride—Identification, Related compounds,
Organic volatile impurities (delete), Content of chloride
(delete), Residual solvents (delete), Assay

32 6 1757

Torsemide—Water 33 6 1213
Tramadol Hydrochloride (new) 31 2 458
Tramadol Hydrochloride Tablets (new) 31 2 462
Travoprost (new) 32 4 1115
Travoprost Ophthalmic Solution (new) 32 4 1118
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Tricitrates Oral Solution—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 2 465

Triclosan—Residue on ignition (delete),
Completeness of solution (add), Assay

33 4 681

Trimipramine Maleate (new) 32 6 1759
Tryptophan—Chromatographic purity (add),
Limit of tryptophan related compound A (add)

33 6 1214

Tylosin Injection (new) 33 5 952
Tyrosine—Sulfate 32 6 1761
Ursodiol Capsules—Dissolution 31 3 800
Valganciclovir Hydrochloride (new) 33 1 84
Valganciclovir Tablets (new) 33 1 89
Valsartan—Related compounds 33 3 467
Vecuronium Bromide—Related compounds 33 4 682
Verapamil Hydrochloride—Definition 33 5 953
Verapamil Hydrochloride Oral Solution (new) 32 1 155
Verapamil Hydrochloride Oral Suspension (new) 32 1 156
Warfarin Sodium—Chemical information, Identification,
Assay

33 3 468

Warfarin Sodium for Injection—Assay 33 3 469
Warfarin Sodium Tablets—Identification,
Dissolution, Assay

33 3 470

Pure Steam (new) 31 2 467
Water for Hemodialysis—Bacterial endotoxins 31 2 468
Sterile Water for Inhalation—pH (delete), Ammonia (delete),
Calcium (delete), Carbon dioxide (delete), Chloride
(delete), Sulfate (delete), Conductivity (add),
Oxidizable substances

31 3 802

Sterile Water for Injection—Oxidizable substances 31 3 803
Sterile Water for Irrigation—Oxidizable substances 31 3 804
Sterile Purified Water—Oxidizable substances 31 3 804
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Dietary Supplements Monographs
Ademetionine Disulfate Tosylate—Related compounds,

Content of tosylate
31 2 469

Acesulfame Potassium—Packaging and storage (add),
Limit of fluoride

31 3 811

Powdered Bilberry Extract (new) 33 4 685
Calcium Glycerophosphate (new) 32 6 1765
Cat’s Claw (new) 32 4 1120
Powdered Cat’s Claw (new) 32 4 1124
Powdered Cat’s Claw Extract (new) 32 4 1124
Cat’s Claw Capsules (new) 32 4 1126
Cat’s Claw Tablets (new) 32 4 1127
Chamomile—Definition, Identification, Microbial enumeration,
Absence of specified microorganisms (add), Volatile oil content,
Content of apigenin-7-glucoside, Content of bisabolan derivatives

33 4 688

Black Cohosh—Labeling 33 5 954
Powdered Black Cohosh—Labeling 33 5 959
Powdered Black Cohosh Extract—Labeling 33 5 960
Black Cohosh Fluidextract—Labeling 33 5 958
Black Cohosh Tablets—Labeling 33 5 961
Curcuminoids (new) 33 6 1215
Curcuminoids Capsules (new) 33 6 1217
Curcuminoids Tablets (new) 33 6 1218
Fish Oil Containing Omega-3 Acids (new) 33 3 471
Fish Oil Containing Omega-3 Acids Capsules (new) 33 3 477
Ginger—Definition, Packaging and storage,
Botanic characteristics

33 3 478

Powdered Ginger—Packaging and storage,
Botanic characteristics

33 3 479

Asian Ginseng Capsules (new) 30 2 571
Glucosamine Hydrochloride—Specific rotation, Assay 33 4 691
Glucosamine Sulfate Potassium Chloride—Identification, Specific
rotation, Residue on ignition, Assay

33 4 692

Glucosamine Sulfate Sodium Chloride—Identification, Specific rotation,
Residue on ignition, Assay

33 4 692

Powdered Decaffeinated Green Tea Extract (new) 33 6 1220
Alpha Lipoic Acid Capsules—Content of alpha lipoic acid 32 6 1764
Lutein—Residue on ignition, Zeaxanthin and
other related compounds, Content of lutein

33 2 255

Lutein Preparation—Definition, Water, Residue on
ignition, Heavy metals, Zeaxanthin and other related
compounds, Content of lutein

33 2 255

Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Maritime Pine—Identification, Content of procyanidins 32 4 1140
Maritime Pine Extract—Identification, microbial enumeration,
Content of procyanidins

32 4 1142

Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Sodium Benzoate—USP Reference standards (add),

Identification
31 3 818

Powdered Soy Isoflavones Extract (new) 33 6 1224
Soy Isoflavones Capsules (new) 33 6 1227
Soy Isoflavones Tablets (new) 33 6 1228
Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Xanthan Gum—Assay 31 3 821
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USP General Test Chapters
h1i Injections—Labels and Labeling, Packaging—
Labeling on Ferrules and Cap Overseals
(delayed implementation to February 1, 2009)

33 3 494

h11i USP Reference Standards— 29
30
31
31
31
31
32
32
32
32
32
32
33
33
33
33
33

6
5
2
4
5
6
1
2
4
5
6
1
2
3
4
5
6

2022
1674
507
1154
1433
1680
181
407
1161
1491
1779
95
267
497
716
981
1256

h31i Volumetric Apparatus—Standards of Accuracy 32 6 1780
h41i Weights and Balances—Introduction, Repeatability (add),
Verification of Accuracy (add), Calibration Check (add)

33 4 716

h55i Biological Indicators—Resistance Performance
Tests—Total Viable Spore Count, D-Value Determination

30 1 212

h85i Bacterial Endotoxins Test—Harmonization 33 3 539
h121i Insulin Assays—Appendix (add) 30 5 1675
h191i Identification Tests—General—Introduction, Acetate, Ammonium 33 4 719
h231i Heavy Metals—Method II 32 1 182
h271i Readily Carbonizable Substances Test 33 6 1258
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h381i Elastomeric Closures for Injections—(entire submission) 30 1 220
h429i Light Diffraction Measure of Particle Size (new)—
Harmonization

31 4 1234

h503i Acetic Acid in Peptides (new) 33 2 268
h525i Sulfur Dioxide (new) 33 3 498
h601i Aerosols, Nasal Sprays, Metered-Dose Inhalers,
and Dry Powder Inhalers—Harmonization

33 3 550

h616i Bulk Density and Tapped Density—Harmonization 31 3 909
h643i Total Organic Carbon—Introduction, Apparatus
Requirements, Glassware Preparation, Standard Solution, Test
Solution, Other Control Solutions, System Suitability, Procedure

33 4 720

h645i Water Conductivity—Introduction, Instrument Specifications
and Operating Procedures

33 4 722

h699i Density of Solids (new)—Harmonization 31 3 912
h741i Melting Range or Temperature—Introduction,
Procedure for Class I, Apparatus I,
Procedure for Class I, Apparatus II

33 5 982

h797i Pharmaceutical Compounding—Sterile Preparations—
Introduction; Organization of This Chapter, Definitions (add);
Responsibility of Compounding Personnel; CSP Microbial
Contamination Risk Levels; Immediate Use CSPs (add);
Single-Dose and Multiple-Dose Containers (add);
Hazardous Drugs as CSPs (add); Radiopharmaceuticals
as CSPs (add); Verification of Compounding Accuracy and
Sterility; Personnel Training and Evaluation in Aseptic
Manipulation Skills; Environmental Quality and Control;
Suggested Standard Operating Procedures; Environmental
Monitoring (add); Processing; Finished Preparation
Release Checks and Tests; Storage and Beyond-Use
Dating; Maintaining Sterility, Purity, and Stability of
Dispensed and Distributed CSPs; Acronyms (add), Appendix

32 3 852

h811i Powder Fineness—Harmonization 31 1 228
h941i X-Ray Diffraction (new)—Harmonization 31 4 1241

General Information Chapters
h1005i Acoustic Emission (new) 32 5 1504
h1010i Analytical Data—Interpretation and Treatment—
Measurement Principles and Variation, Appendixes B, C, D, E, F

33 4 726

h1058i Analytical Instrument Qualification (new) 32 6 1784
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

h1082i Genotoxicity Testing (new) 30 1 264
h1087i Apparent Intrinsic Dissolution—Dissolution Testing
Procedures for Rotating Disk and Stationary Disk
(entire chapter revised)

33 2 269

h1116i Microbiological Evaluation of Clean Rooms and
Other Controlled Environments (entire chapter revised)

31 2 524

h1119i Near-Infrared Spectrophotometry (entire chapter revised) 33 4 737
h1121i Nomenclature—Salt Nomenclature
Policy (add), Policy for Postponement Schedules (add)

32 4 1228

h1125i Nucleic Acid-Based Techniques—General (new) 33 5 984
h1126i Nucleic Acid-Based Techniques—Extraction,
Detection, and Sequencing (new)

33 5 990

h1127i Nucleic Acid-Based Techniques—Amplification (new) 33 5 1005
h1129i Nucleic Acid-Based Techniques—Genotyping (new) 33 5 1019
h1130i Nucleic Acid-Based Techniques—Approaches
for Detecting Trace Nucleic Acids (Residual DNA Testing) (new)

33 5 984

h1160i Pharmaceutical Calculations in Prescription
Compounding—Basic Pharmaceutical Calculations

31 3 847

h1195i Significant Change Guide for Bulk Pharmaceutical
Excipients (new)

31 4 1180

h1196i Pharmacopeial Harmonization—PDG Working Procedures 33 4 751
h1211i Sterilization and Sterility Assurance of Compendial Articles—
Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation

30 5 1729

h1225i Validation of Compendial Procedures—Validation 33 1 96
h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1251i Weighing on an Analytical Balance (entire chapter revised) 33 4 756

Dietary Supplement Chapters
h2030i Supplemental Information for Articles of Botanical Origin—
Protocol Contents, General Guidances, Supplemental Information
and General Guidance Protocols

33 5 1029

h2040i Disintegration and Dissolution of Dietary Supplements—
Introduction (add), Disintegration, Rupture Test for
Soft Shell Capsules (add), Dissolution

32 6 1795

h2750i Manufacturing Practices for Dietary Supplements—
Organization and Personnel; Grounds, Buildings, and Facilities;
Equipment; Raw Materials, Product Containers, and Closures;
Production and Process Controls; Labeling and Packaging;
Quality Control Operations; Records and Reports; Returned and
Salvaged Products; Glossary

33 5 1035

Reagents, Indicators, and Solutions
Reagent Specifications—Introduction 33 3 503
Acetic Acid 33 6 1259
2-Aminoheptane (new) 33 1 100
1-Butanesulfonic Acid Sodium Salt (new) 33 4 766
Butyrophenone (new) 33 4 766
Calconcarboxylic Acid (new) 33 1 100
Calconcarboxylic Acid Triturate (new) 33 1 100
Activated Charcoal 33 6 1259
Cetyltrimethylammonium Bromide (new) 33 4 766
a-Cyclodextrin (new) 33 2 276
Dicyclohexylamine 32 6 1803
Diethylamine Phosphate (new) 33 4 766
Diethylene Glycol 33 6 1259
Digoxigenin (new) 32 6 1803
Digoxigenin Bisdigitoxoside (delete) 32 6 1803
Dimethicone, viscosity 500 centistokes (new) 33 1 100
4’4-Dipyridyl Dihydrochloride 33 5 1047
Docusate Sodium (delete) 33 3 504
Ethylene Oxide in Methylene Chloride (50 mg/mL) (new) 31 3 859
Ferrous Sulfate 33 6 1260
Fuchsin, Basic 33 4 766
n-Heptane, Chromatographic 33 4 767
Hexadecyltrimethylammonium Bromide (new) 33 4 767
Hexylamine (new) 33 6 1260
Hydroxypropyl-b-cyclodextrin (new) 32 6 1804
2-Methylpentane (new) 33 5 1047
Naphthalene 33 6 1260
4-(p-Nitrobenzyl)pyridine 33 6 1260
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n-Octadecane (new) 32 5 1537
1-Octanol (new) 32 6 1804
Octanesulfonic Acid Sodium Salt (new) 33 4 767
Phloxine B (new) 33 6 1260
Polysaccharide Molecular Weight Standards 32 6 1804
Propylamine Hydrochloride (new) 33 1 101
Pullulan Standards (new) 32 5 1537
Pullulanase (new) 33 5 1047
Anion-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Cation-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Salicylaldehyde 33 6 1260
Sodium Phosphate, Dibasic, Dihydrate 33 1 101
Sodium Phosphate, Monobasic, Anhydrous (new) 33 2 276
Sodium Phosphate, Monobasic, Dihydrate (new) 33 2 276
Stachyose Tetrahydrate (new) 32 5 1537
Tetrahydro-2-furancarboxylic Acid 33 6 1261
Tetrapropylammonium Chloride (new) 33 2 276
Thrombin Human (new) 29 6 2055
Triethylamine Phosphate (new) 33 6 1261

Test Solutions
Acetic Acid, Strong, TS (new) 32 5 1538
Ammonium Pyrrolidinedithiocarbamate, Saturated, TS (new) 32 5 1538
Cupric Citrate TS 2, Alkaline (new) 33 4 768
Dicyclohexylamine Acetate TS (delete) 32 6 1805
Sodium Hydroxide TS 2 (new) 33 4 768

Volumetric Solutions
Ceric Sulfate, Tenth-Normal (0.1 N) 33 1 102
Iodine, Twentieth-Normal (0.05 N) 33 5 1050
Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Methanol 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Toluene 33 4 769
Mercuric Nitrate, Tenth Molar (0.1 M) 32 6 1805
Potassium Permanganate, Tenth-Normal (0.1 N) 33 1 103
Sodium Tetraphenylboron, Fiftieth Molar (0.02 M) 32 6 1807

Chromatographic Reagents
Chromatographic Reagents (new) 33 6 1261

Reference Tables
Container Specifications for Capsules and Tablets 33 6 1268
Description and Solubility 29 1 266

31 2 591
31 3 861
31 4 1193
31 5 1491
31 6 1703
32 1 188
32 2 662
32 3 942
32 4 1301
32 5 1541
32 6 1811
33 1 110
33 2 285
33 3 507
33 4 775
33 5 1053
33 6 1270

Excipients 33 6 1234

NF Monographs
Agar—CAS number (add), Definition, Botanic characteristics,
Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

Carmellose (new)—Harmonization 33 3 537
Copovidone—Harmonization 32 6 1843
Corn Syrup (new) 33 6 1240
Crospovidone—Harmonization 28 4 1257

Pharmacopeial Forum
178 IN-PROCESS REVISION Vol. 34(1) [Jan.–Feb. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n

Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Dehydroacetic Acid (reinstated with changes) 33 4 703
Egg Phospholipids (new) 33 4 703
Erythorbic Acid (new) 33 6 1246
Ethyl Acrylate and Methyl Methacrylate
Coplymer Dispersion—Identification

33 6 1247

Gamma Cyclodextrin (new) 33 4 707
Liquid Glucose—CAS number (add), Packaging and storage,

Labeling (add), Reference standards (add), Identification,
Assay for reducing sugars (dextrose equivalent) (add)

33 6 1248

Glyceryl Monooleate—Chemical name, Reference standards,
Identification, Saponification value

33 6 1248

Hydrogenated Polydecene (new) 33 3 485
Hydrogenated Starch Hydrolysate (new) 33 3 488
Hydroxyethyl Cellulose (new)—Harmonization 30 2 709
Low-Substituted Hydroxypropyl Cellulose—
Harmonization

30 1 338

Inositol (new) 33 4 711
Anhydrous Lactose—Harmonization 32 6 1847
Lecithin—CAS number (add), Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Acid value,
Peroxide value (add), Hexane-insoluble matter, Lead,
Heavy metals, Content of acetone-insoluble matter

33 6 1249

Magnesium Stearate—Harmonization 30 1 340
Light Mineral Oil —Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add)
Viscosity, Neutrality, Acidity, Readily carbonizable substances,
Limit of polycyclic aromatic hydrocarbons, Limit of sulfur compounds,
Solid paraffin

33 5 972

Methylacrylic Acid Copolymer—Definition, Packaging and storage,
Labeling, Viscosity, Heavy metals, Limit of monomers

33 6 1251

Methylacrylic Acid Copolymer Dispersion—Packaging and storage,
Viscosity, Limit of monomers, Coagulum content

33 6 1254

Nitrogen—Definition, Packaging and storage, Assay 31 4 1145
Nitrogen 97 Percent—Definition, Packaging and storage, Assay 31 4 1146
Oleic Acid—USP Reference standards (add), Identification (add) 32 6 1771
Oleyl Oleate (new) 31 6 1670
Paraffin—CAS number (add), Definition,
Labeling (add), USP Reference standards (add),
Identification, Reaction (delete), Acidity (add),
Alkalinity (add), Readily carbonizable substances, Limit of polycyclic
aromatic hydrocarbons (add), Limit of sulfur compounds (add)

33 5 972

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polydextrose (new) 32 4 1155
Polyethylene Glycol—Harmonization 31 3 897
Polyvinyl Acetate (new) 32 2 400
Propylene Glycol (new)—Harmonization 33 2 317
Propylene Glycol Monocaprylate (new) 33 2 261
Propylene Glycol Dicaprylate/Dicaprate (new) 33 5 974
Pullulan (new) 33 5 975
Fully Hydrogenated Rapeseed Oil (new) 32 6 1771
Superglycerinated Fully Hydrogenated Rapeseed Oil (new) 32 6 1773
Hydrophobic Colloidal Silica (new) 33 5 976
Silicon Dioxide (new)—Harmonization 31 4 1229
Colloidal Silicon Dioxide (new)—Harmonization 31 4 1233
Sodium Caprylate—Appearance of solution 33 3 493
Sodium Tartrate—Limit of oxalate (delete) 32 6 1776
Rice Starch (new)—Harmonization 30 2 721
Sucralose—Related compounds 33 6 1255
Sucrose—Harmonization 31 3 902
Stannous Chloride (new) 33 5 978
Stearyl Alcohol—Assay 32 6 1777
Strawberry Syrup (new) 32 1 179
Succinic Acid—Identification 32 6 1777
Sugar Spheres—Particle size 32 6 1777
Tagatose (new) 30 5 1672
Tetrafluoroethane (new) 31 6 1672
Trehalose (new) 33 2 263
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Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 34(1)–PF 34(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
{Protein A (entire submission)* 33 3 442
{rProtein A, C-CYS (entire submission)* 33 3 444
{rProtein A (entire submission)* 33 3 446
{rProtein A, B4-C-CYS (entire submission)* 33 3 452

{New cancellations in PF 34(1).
* Four protein A ancillary materials monographs, Protein A; rProtein A; C-CYS; rProtein A; and rProtein A, B4-C-CYS were proposed in PF
33(3). Since ancillary materials are not medicinal products, USP has decided to incorporate information on these types of materials in General
Chapters rather than monographs. General Chapter <130> Protein A Quality Attributes combines the information on the four protein A materi-
als as proposed in PF 33(3).
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HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG). The PDG

consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The

process of harmonization is composed of several steps (Stages).

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each item.

The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be carried out retro-

spectively for existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of a

Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation data

where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature, experts, and

staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating pharma-

copeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as OFFI-

CIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and submits the

consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized Stage 5A

draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a

CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating

pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure. Adopted

items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular region.
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PHARMACOPEIAL PREVIEWS

This section contains potential revisions not yet targeted for official adoption. These may include drafts for new monographs or

chapters; drafts for standards that would require new or unusual technology; drafts for which more data are required; or changes that

would affect numerous monographs, thus having a broad impact on individual products. Readers should review the drafts in this

section and provide comments to the appropriate staff liaison whose name is cited in the Briefing (use the Staff Directory to find the

contact information).

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the

revision. Other relevant information. (For example, if a chromatographic method is being used, column specifica-

tions and retention times for compounds of interest.) Finally, the Committee designation (seeHow To Use PF), the

name of the scientific staff liaison who handled this item, and the USP tracking correspondence number, as shown

in the example below:

(DSN: L. Evans) RTS—C55678

Symbols No symbols are used in this section, as Previews are not yet targeted for official adoption.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an Expert Com-

mittee publishes an article on which they are specifically seeking comment, this will be clearly stated in the article. Readers may

submit comments on issues raised in this section, but comment is not as critical as that for the In-Process Revision and Pharma-

copeial Previews sections. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other commen-

taries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum

under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that they have not been

published previously in any language or medium and that they are not simultaneously under consideration by any other publica-

tion.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and if ac-

cepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of the USP Con-

vention (USPC) and may not be subsequently published elsewhere without written permission from the USPC. Authors are also

responsible for obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage (numbers, abbreviations,
etc.). For the latter, authors should use the current AMAManual of Style or the current ACS Style Guide. Authors may usefully consult a current
copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of Medicine’s

Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer examples of reference

formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding author.

This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the Scientific Liaison if they

would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the electronic file.

Submit the text in Microsoft1 Word or another current word-processing application. The preferred format for graphics submitted

electronically is tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for publication should be

addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852

STIMULI TO THE REVISION PROCESS
Pharmacopeial Forum Stimuli articles do not necessarily reflect the policies
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that incor-

porate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Proposed and Rec-

ommended International Nonproprietary Names (INN) when they have been announced by the World Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how

nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomenclature issues that

also occasionally report on related matters pertaining to USAN and INN.
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USP Dictionary of USAN and International Drug Names
2007 USP DICTIONARY SUPPLEMENT 5

IMPORTANT—Save this Supplement. This and all supplements appearing in PF are needed to keep the 2007 edition of the USP Dictionary
(USPD) up-to-date. The cumulative contents of the supplements to the current (2007) edition will be included in the next complete edition of the
Dictionary.

Newly Approved United States Adopted Names (USAN), Released for Publication
The following are newly established United States Adopted Names (USAN). These names will not be listed cumulatively; see

preceding and succeeding numbers of PF for other new USAN to supplement the Dictionary main volume.

Albiglutide [2007] (al’’ bi gloo’ tide). C3232H5032N864O979S41.
72,971.40. (1) Albugon, a recombinant human glucagon-like
peptide 1-albumin protein; (2) ([8-Glycine]human glucagon-like
peptide 1-(7-36)-peptidyl)([8-glycine]human glucagon-like pep-
tide 1-(7-36)-peptidyl)(human serum albumin (585 residues)).
CAS-782500-75-8. INN. Treatment of type 2 diabetes.
GSK716155

Albinterferon Alfa-2b [2007] (al bin’’ ter feer’ on al’ fa). C3796H5937

N1015O1143S50. (1) 1-585-Serum albumin (human) fusion protein
with interferon a-2b (human); (2) Human serum albumin (585
residues) fusion protein with human interferon alpha-2 (165 re-
sidues). Molecular weight is approximately 85,700 daltons.
CAS-472960-22-8. INN. Treatment of chronic hepatitis C.Albu-
feron (Human Genome Sciences)

Aleglitazar [2007] (al’’ e gli’ ta zar). C24H23NO5S. 437.50. (1) Benzo-
[b]thiophene-7-propanoic acid, a-methoxy-4-[2-(5-methyl-2-
phenyl-4-oxazolyl)ethoxy]-, (aS)-; (2) (2S)-2-Methoxy-3-{4-
[2-(5-methyl-2-phenyl-1,3-oxazol-4-yl)ethoxy]-benzothiophen-
7-yl}propionic acid; (3) (S)-2-Methoxy-3-[4-[2-(5-methyl-2-

phen-yloxazol-4-yl-ethoxy]benzo[b]thiophen-7-yl]propionic
acid. CAS-475479-34-6. INN. Treatment of type 2 diabetes.
RO0728804; R1439

Alferminogene Tadenovec [2007] (al’’ fer min’ oh jeen ta den’ oh
vek). (1) DNA (synthetic human adenovirus 5 human fibroblast
growth factor 4 gene-containing 35506-nucleotide fragment ZK
205368; (2) Recombinant human adenovirus 5 (replication-defi-
cient, E1-deleted) containing a human fibroblast growth factor-4
cDNA sequence driven by a cytomegalovirus promoter. CAS-
473553-86-5. INN. Gene therapy product; promotes angiogen-
esis. Generx (Cardium Therapeutics)

Anamorelin Hydrochloride [2006] (an’’ a moe rel’ in hye’’ droe klor’
ide). C31H42N6O3.HCl. 583.20. [Anamorelin is INN.] (1) 3-Pi-
peridinecarboxylic acid, 1-(2-methylalanyl-D-tryptophyl)-3-
(phenylmethyl)-, trimethylhydrazide, monohydrochloride,
(3R)-; (2) (3R)-1-{(2R)-2-[(2-Amino-2-methylpropanoyl)ami-
no]-3-(indol-3-yl)propanoyl}-3-benzyl-N,N’,N’-trimethylpiperi-
dine-3-carbohydrazide hydrochloride. CAS-861998-00-7.
Treatment of cancer anorexia and cancer cachexia. RC-
1291 HCl

Apremilast [2006] (a pre’ mi last). C22H24N2O7S. 460.50. (1) Aceta-
mide, N-[2-[(1S)-1-(3-ethoxy-4-methoxyphenyl)-2-(methylsul-
fonyl)ethyl]-2,3-dihydro-1,3-dioxo-1H-isoindol-4-yl]-; (2)
(þ)-N-[2-[(1S)-1-(3-Ethoxy-4-methoxyphenyl)-2-(methylsulfo-
nyl)ethyl]-1,3-dioxo-2,3-dihydro-1H-isoindol-4-yl]acetamide.
CAS-608141-41-9. INN. Treatment of chronic inflammatory
conditions including psoriasis, arthritis, asthma, and cutaneous
lupus erythematosus (CLE). CC-10004
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Arbaclofen Placarbil [2006] (ar bak’ loe fen pla kar’ bil). C19H26

ClNO6. 399.90. (1) Benzenepropanoic acid, 4-chloro-b-[[[[(1S)-
2-methyl-1-(2-methyl-1-oxopropoxy)propoxy]carbonyl]amino]-
methyl]-, (bR)-; (2) (3R)-3-(4-Chlorophenyl)-4-[[[(1S)-2-methyl-
1-[(2-methylpropanoyl)oxy]propoxy]carbonyl]amino]butanoic
acid. CAS-847353-30-4. INN. Treatment of gastro-esophageal re-
flux disease (GERD) and spasticity. XP19986

Begacestat [2006] (be gas’ e stat). C9H8ClF6NO3S2. 391.70. (1) 2-
Thiophenesulfonamide, 5-chloro-N-[(1S)-3,3,3-trifluoro-1-(hy-
droxymethyl)-2-(trifluoromethyl)propyl]-; (2) 5-Chloro-N-[(1S)-
3,3,3-trifluoro-1-(hydroxymethyl)-2-(trifluoromethyl)pro-
pyl]thiophene-2-sulfonamide.CAS-769169-27-9. INN. Treatment
of Alzheimer’s disease. GSI-953

Carfilzomib [2006] (kar fil’ zoe mib). C40H57N5O7. 719.91. (1) L-
Phenylalaninamide, (aS)-a-[(4-morpholinylacetyl)amino]benze-
nebutanoyl-L-leucyl-N-[(1S)-3-methyl-1-[[(2R)-2-methyloxira-
nyl]carbonyl]butyl]-; (2) (2S)-N-[(1S)-1-Benzyl-2-[[(1S)-3-
methyl-1-[[(2R)-2-methyloxiran-2-yl]carbonyl]butyl]amino]-2-
oxoethyl]-4-methyl-2-[[(2S)-2-[(morpholin-4-ylacetyl)amino]-4-
phenylbutanoyl]amino]pentanamide.CAS-868540-17-4. INN.
Treatment of cancer. PR-171

Cenersen Sodium [2006] (sen’ er sen soe’ dee um).
C187H226N62Na19O103P19S19. 6625.00. [Cenersen is INN.] (1)
DNA, d(P-thio)(C-C-C-T-G-C-T-C-C-C-C-C-C-T-G-G-C-T-C-
C), nonadecasodium salt; (2) 2’-Deoxy-P-thiocytidylyl-(3’?5’)-
2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-deoxy-P-thiocytidylyl-
(3’?5’)-P-thiothymidylyl-(3’?5’)-2’-deoxy-P-thiogua-nylyl-
(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-P-thiothymidylyl-
(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-deoxy-P-thiocyti-
dylyl-(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-deoxy-P-
thiocytidylyl-(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-
deoxy-P-thiocytidylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-2’-
deoxy-P-thioguanylyl-(3’?5’)-2 ’-deoxy-P-thioguanylyl-
(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-P-thiothymidylyl-

(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-deoxycytidine non-
adecasodium salt. CAS-872847-66-0. Treatment of cancer.
OL(1)p53; EL625

Colestilan Chloride [2007] (koe les’ ti lan). (C7H11N2O.Cl)n. [Co-
lestilan is INN.] (1) 1H-Imidazole, 2-methyl-, polymer with
(chloromethyl)oxirane; (2) Oxirane, (chloromethyl)-, polymer
with 2-methyl-1H-imidazole. CAS-95522-45-5. Treatment of hy-
perphosphatemia and hypercholesterolemia in patients with
chronic kidney disease on dialysis. Cholebine (Japan) (Mitsubishi
Pharma) [Name previously used: Colestimide.] MCI-196

Dapagliflozin [2006] (dap’’ a gli floe’ zin). C21H25ClO6. 408.90. (1) D-
Glucitol, 1,5-anhydro-1-C-[4-chloro-3-[(4-ethoxyphenyl)-
methyl]phenyl]-, (1S)-; (2) (2S,3R,4R,5S,6R)-2-[4-Chloro-3-(4-
ethoxybenzyl)phenyl]-6-(hydroxymethyl)tetrahydro-2H-pyran-
3,4,5-triol. CAS-461432-26-8. INN. Treatment of type 1 or type 2
diabetes, or any condition causing hyperglycemia. BMS-
512148

Degarelix [2007] (deg’’ a rel’ ix). C82H103ClN18O16. 1632.26. (1) D-
Alaninamide, N-acetyl-3-(2-naphthalenyl)-D-alanyl-4-chloro-D-
phenylalanyl-3-(3-pyridinyl)-D-alanyl-L-seryl-4-[[[(4S)-hexahy-
dro-2,6-dioxo-4-pyrimidinyl]carbonyl]amino]-L-phenylalanyl-4-
[(aminocarbonyl)amino]-D-phenylalanyl-L-leucyl-N6-(1-methyl-
ethyl)-L-lysyl-L-prolyl-; (2) N-Acetyl-3-(naphthalen-2-yl)-D-ala-
nyl-4-chloro-D-phenylalanyl-3-(pyridin-3-yl)-D-alanyl-L-seryl-4-
({[(4S)-2,6-dioxo-hexahydropyrimidin-4-yl]carbonyl}amino)-L-
phenylalanyl-4-(carbamoylamino)-D-phenylalanyl-L-leucyl-N6-
(1-methylethyl)-L-lysyl-L-prolyl-D-alaninamide. CAS-214766-
78-6. INN. Treatment of prostate cancer. FE200486 (as acetate
salt)

Elvitegravir [2007] (el’’ vi teg’ ra vir). C23H23ClFNO5. 447.90. (1) 3-
Quinolinecarboxylic acid, 6-[(3-chloro-2-fluorophenyl)methyl]-
1,4-dihydro-1-[(1S)-1-(hydroxymethyl)-2-methylpropyl]-7-me-
thoxy-4-oxo-; (2) 6-(3-Chloro-2-fluorobenzyl)-1-[(2S)-1-hy-
droxy-3-methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquino-
line-3-carboxylic acid. CAS-697761-98-1. INN. Treatment of
HIV-1 infections. GS-9137; JTK-303
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Epetirimod [2007] (e’’ pe tir’ i mod). C13H15N5. 241.30. (1) 1H-
Imidazo[4,5-c][1,5]naphthyridin-4-amine, 1-(2-methylpropyl)-;
(2) 1-(2-Methylpropyl)-1H-imidazo[4,5-c][1,5]naphthyridin-4-
amine. CAS-227318-71-0. INN. Antiviral, antineoplastic.
851A; S-30563

Epetirimod Esylate [2007] (e’’ pe tir’ i mod). C13H15N5.C2H6O3S.
351.40. (1) Ethanesulfonic acid, compd. with 1-(2-methylpro-
pyl)-1H-imidazo[4,5-c][1,5]naphthyridin-4-amine (1:1); (2) 1-
(2-Methylpropyl)-1H-imidazo[4,5-c][1,5]naphthyridin-4-amine
monoethanesulfonate. CAS-885483-02-3. Antiviral, antineo-
plastic. 851B; S-30563-35-65

Ferric Carboxymaltose [2006] (fer’ ik kar box’ ee mawl’ tose). FeIIIw
([C6H10O5]aC6H11O7)x(OH)yOz.nH2O. (1) Iron Dextri-Maltose;
(2) Iron(3þ) hydroxide oxide poly-(1?4)-a-D-glucopyrano-
syl-(1?4)-D-gluconate hydrate; (3) Polynuclear iron (III)-hy-
droxide 4(R)-(poly-(1?4)-O-a-D-glucopyranosyl)-oxy-
2(R),3(S),5(R), 6-tetrahydroxy-hexanoate. CAS-9007-72-1.
INN. Hematinic; Iron carbohydrate complex for the treatment
of patients with iron deficiency anemia. VIT-45

Golotimod [2007] (goe lot’ i mod). C16H19N4O5. 333.34. (1) D-g-
Glu-tamyl-L-Tryptophan; (2) (2R)-2-Amino-5-[[(1S)-1-car-
boxy-2-(1H-indol-3-yl)ethyl]amino]-5-oxopentanoic acid.
CAS-229305-39-9. INN. Treatment of infectious disease.
SCV-07

Ibalizumab [2007] (i’’ ba liz’ oo mab). Immunoglobulin G4, anti-(hu-
man CD4 (antigen)) (human-mouse monoclonal 5A8 g4-chain),
disulfide with human-mouse monoclonal 5A8 �-chain, dimer.
CAS-680188-33-4. INN. Treatment of HIV/AIDS in HIV-1 in-
fected patients. TNX-355

Idursulfase [2002] (eye’’ dur sul’ fase). C2689H4057N699O792S14 (re-
duced peptide sequence). 61,880 daltons. (1) Sulfatase, L-iduro-
no-; (2) a-L-Iduronate sulfate sulfatase. CAS-50936-59-9. INN;
BAN; JAN. Treatment of Hunter Syndrome (enzyme that de-
grades the glycosaminoglycans heparan sulfate and dermatan
sulfate). EC 3.1.6.13

Iscotrizinol [2007] (is’’ koe triz’ i nol). C44H59N7O5. 765.50. (1) Ben-
zoic acid, 4,4’-[[6-[[4-[[(1,1-dimethylethyl)amino]carbonyl]-
phenyl]amino]-1,3,5-triazine-2,4-diyl]diimino]bis-, bis(2-ethyl-
hexyl) ester; (2) Bis(2-ethylhexyl) 4,4 ’-[(6-{[4-( tert-
butylcarbamoyl)phenyl]amino}-1,3,5-triazine-2,4-diyl)diimi-
no]dibenzoate.CAS-154702-15-5. Sunscreen. Uvasorb HEB
(3V) Diethylhexyl butamido triazone (INCI)

Laropiprant [2006] (lar oh’ pi prant). C21H19ClFNO4S. 435.90. (1)
Cyclopent[b]indole-3-acetic acid, 4-[(4-chlorophenyl)methyl]-
7-fluoro-1,2,3,4-tetrahydro-5-(methylsulfonyl)-, (3R)-; (2) (–)-
[(3R)-4-(4-Chlorobenzyl)-7-fluoro-5-(methylsulfonyl)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl]acetic acid. CAS-571170-77-
9. INN. Treatment of atherosclerosis, dyslipidemia, and related
conditions when administered with niacin. MK-0524
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Levocetirizine [2007] (lee’’ voe se tir’ i zeen). C21H25ClN2O3. 388.89.
(1) Acetic acid, [2-[4-[(R)-(4-chlorophenyl)phenylmethyl]-1-pi-
perazinyl]ethoxy]-; (2) (2-{4-[(R)-(4-Chlorophen-yl)phenyl-
methyl]piperazin-1-yl}ethoxy)acetic acid. CAS-130018-77-8.
INN; BAN. Antihistamine.

Levocetirizine Dihydrochloride [2007] (lee’’ voe se tir’ a zeen). C21

H25ClN2O3.2HCl. 461.80. (1) Acetic acid, [2-[4-[(R)-(4-chloro-
phenyl)phenylmethyl]-1-piperazinyl]ethoxy]-, dihydrochloride;
(2) (2-{4-[(R)-(4-Chlorophenyl)phenylmethyl]piperazin-1-
yl}ethoxy)acetic acid dihydrochloride. CAS-130018-87-0. Anti-
histamine. Xusal (UCB Pharma, SA); Xyzal (UCB Pharma,
SA); Xyall (UCB Pharma, SA) UCB 28556

Liraglutide [2007] (lir’’ a gloo’ tide). C172H265N43O51. 3751.20. (1)
Glycine, L-histidyl-L-alanyl-L-a-glutamylglycyl-L-threonyl-L-
phenylalanyl-L-threonyl-L-seryl-L-a-aspartyl-L-valyl-L-seryl-L-
seryl-L-tyrosyl-L-leucyl-L-a-glutamylglycyl-L-glutaminyl-L-al-
anyl-L-alanyl-N6-[N-(1-oxohexadecyl)-L-g-glutamyl]-L-lysyl-L-
a-glutamyl-L-phenylalanyl-L-isoleucyl-L-alanyl-L-tryptophyl-L-
leucyl-L-valyl-L-arginylglycyl-L-arginyl-; (2) N�26-(N-Hexadeca-
noyl-L-g-glutamyl)-[34-L-arginine]glucagon-like peptide 1-(7-
37)-peptide; (3) Arg34Lys26-(N-�-(g-Glu(N-a-hexadecanoyl)))-
GLP-1[7-37]. CAS-204656-20-2. INN; JAN. Adjunctive therapy
to improve glycemic control, with diet and exercise, in patients
with type 2 diabetes. NNC 90-1170; NN2211

Lucatumumab [2007] (loo’’ ka toom’ ue mab). (1) Immunoglobulin
G1, anti-(human CD40 (antigen)) (human monoclonal CHIR-
12.12 heavy chain), disulfide with human monoclonal CHIR-
12.12 light chain, dimer; (2) Fully human recombinant monoclo-
nal antibody of the IgG1 isotype targeting the human CD40 pro-
tein. Polypeptide composed of 1336 amino acid residues and with
a molecular weight of approximately 146,000 daltons. CAS-
903512-50-5. Treatment of cancer. CHIR-12.12; HCD-122

Milnacipran Hydrochloride [2007] (mil na’ si pran hye’’ droe klor’
ide). C15H22N2O.HCl. 282.80. [Milnacipran is INN and BAN.]
(1) Cyclopropanecarboxamide, 2-(aminomethyl)-N,N-diethyl-1-
phenyl-, monohydrochloride, (1R,2S)-rel-; (2) (1RS,2SR)-2-
(Aminomethyl)-N,N-diethyl-1-phenylcyclopropanecarboxamide
hydrochloride; (3) Z-2 Aminomethyl-1-phenyl-N,N-diethylcyclo-
propane-carboxamide hydrochloride. CAS-101152-94-7; CAS-
92623-85-3 [milnacipran]. Treatment of fibromyalgia.

Milveterol Hydrochloride [2006] (mil ve’ ter ol hye’’ droe klor’ ide).
C25H29N3O4.HCl. 471.98. [Milveterol is INN.] (1) Formamide, N-
[2-hydroxy-5-[(1R)-1-hydroxy-2-[[2-[4-[[(2R)-2-hydroxy-2-phe-
nylethyl]amino]phenyl]ethyl]amino]ethyl]phenyl]-, monohydro-
chloride; (2) N-[2-Hydroxy-5-[(1R)-1-hydroxy-2-[[2-[4-[[(2R)-
2-hydroxy-2-phenylethyl]amino]phenyl]ethyl]amino]ethyl]phe-
nyl]formamide monohydrochloride. CAS-804518-03-4; CAS-
652990-07-3 [milveterol]. Asthma and chronic obstructive pul-
monary disease. GSK159797C

Mitumprotimut-T [2007] (mye’’ tum proe’ ti mut). Anti-lymphoma
vaccine produced by conjugating recombinant patient-specific
idiotype proteins to the immunostimulatory protein KLH (Key-
hole Limpet Hemocyanin). Molecular weight is approximately
150,000 daltons. Treatment of follicular B cell non-Hodgkins lym-
phoma. Favid (Favrille) Id/KLH

Pamapimod [2007] (pa map’ i mod). C19H20F2N4O4. 406.40. (1)
Pyrido[2,3-d]pyrimidin-7(8H)-one, 6-(2,4-difluorophenoxy)-2-
[[3-hydroxy-1-(2-hydroxyethyl)propyl]amino]-8-methyl-; (2) 6-
(2,4-Difluorophenoxy)-2-{[3-hydroxy-1-(2-hydroxyethyl)propy-
l]amino}-8-methylpyrido[2,3-d]pyrimidin-7(8H)-one. CAS-
449811-01-2. INN. Treatment of rheumatoid arthritis. R1503;
Ro 4402257

Pentamidine Isethionate [2007] (pen tam’ i deen eye’’ se thye’ oh
nate). C23H36N4O10S2. 592.70. (1) Ethanesulfonic acid, 2-hy-
droxy-, compd. with 4,4’-[1,5-pentanediylbis(oxy)]bis[benzene-
c a r b o x i m i d a m i d e ] ; ( 2 ) 4 , 4 ’ - ( P e n t a n e - 1 , 5 -
diylbis(oxy))dibenzimidamide bis(2-hydroxyethanesulfonate).
CAS-140-64-7. Prevention and treatment of pneumonia.

Pimavanserin Tartrate [2006] (pim’’ a van’ ser in). (C25H34FN3O2)2
.C4H6O6. 1005.20. [Pimavanserin is INN.] (1) Urea, N-[(4-fluor-
ophenyl)methyl]-N-(1-methyl-4-piperidinyl)-N’-[[4-(2-methyl-
propoxy)phenyl]methyl]-, (2R,3R)-2,3-dihydroxybutanedioate
(2:1); (2) Bis[1-(4-fluorobenzyl)-1-(1-methylpiperidin-4-yl)-3-
[4-(2-methylpropoxy)benzyl]urea] (2R,3R)-2,3-dihydroxybuta-
nedioate. CAS-706782-28-7; CAS-706779-91-1 [pimavanserin].
Treatment of psychosis in Parkinson’s disease patients and in
schizophrenia patients. ACP-103
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Pomalidomide [2006] (poe’’ ma lid’ oh mide). C13H11N3O4. 273.24.
(1) 1H-Isoindole-1,3(2H)-dione, 4-amino-2-(2,6-dioxo-3-piper-
idinyl)-; (2) 4-Amino-2-[(3RS)-2,6-dioxopiperidin-3-yl)-1H-
isoindole-1,3(2H)-dione. CAS-19171-19-8. INN. Treatment of
cancer. CC-4047; IMiD 3

Raltegravir Potassium [2007] (ral teg’ ra vir). C20H20FKN6O5.
482.51. [Raltegravir is INN.] (1) 4-Pyrimidinecarboxamide, N-
[(4-fluorophenyl)methyl]-1,6-dihydro-5-hydroxy-1-methyl-2-
[1-methyl-1-[[(5-methyl-1,3,4-oxadiazol-2-yl)carbonyl]ami-
no]ethyl]-6-oxo-, monopotassium salt; (2) Potassium 4-[(4-
fluorobenzyl)carbamoyl]-1-methyl-2-[1-methyl-1-[[(5-methyl-
1,3,4-oxadiazol-2-yl)carbonyl]amino]ethyl]-6-oxo-1,6-dihydro-
pyrimidin-5-olate.CAS-871038-72-1; CAS-518048-05-0 [ralte-
gravir]. Antiviral. MK-0518

Regadenoson [2006] (re ga den’ oh son). C15H18N8O5.H2O. 408.37.
(1) Adenosine, 2-[4-[(methylamino)carbonyl]-1H-pyrazol-1-
yl]-, monohydrate; (2) 1-(6-Amino-9-b-D-ribofuranosyl-9H-
purin-2-yl)-N-methyl-1H-pyrazole-4-carboxamide, monohy-
drate. CAS-875148-45-1; CAS-313348-27-5 [anhydrous]. INN;
BAN. Intravenous use in radionuclide myocardial perfusion
imaging as a pharmacologic stress agent to produce coronary
vasodilation. CVT-3146

Ronacaleret Hydrochloride [2007] (roe’’ na kal’ er et hye’’ droe klor’
ide). C25H31F2NO4.HCl. 484.00. [Ronacaleret is INN.] (1) Ben-
zenepropanoic acid, 3-[(2R)-3-[[2-(2,3-dihydro-1H-inden-2-yl)-
1,1-dimethylethyl]amino]-2-hydroxypropoxy]-4,5-difluoro-,
hydrochloride; (2) 3-[3-[(2R)-3-[[2-(2,3-dihydro-1H-inden-2-
yl)-1,1-dimethylethyl]amino]-2-hydroxypropoxy]-4,5-difluoro-
phen-yl]propanoic acid hydrochloride. CAS-702686-96-2; CAS-
753449-67-1 [ronacaleret]. Treatment of osteoporosis. SB-
751689-A

Ropidoxuridine [2007] (roe pye’’ dox ure’ i deen). C9H11IN2O4.
338.00. (1) 2(1H)-Pyrimidinone, 1-(2-deoxy-b-D-erythro-pento-
furanosyl)-5-iodo-; (2) 1-(2-Deoxy-b-D-erythro-pentofurano-
syl)-5-iodopyrimidin-2(1H)-one. CAS-93265-81-7. INN.
Treatment of cancer. IPdR

Salirasib [2006] (sal i ras’ ib). C22H30O2S. 358.50. (1) Benzoic acid,
2-[[(2E,6E)-3,7,11-trimethyl-2,6,10-dodecatrienyl]thio]-; (2) S-
Farnesylthiosalicylic acid; (3) 2-[[(2E,6E)-3,7,11-Trimethyl-
2,6,10-dodecatrienyl]sulfanyl]benzoic acid. CAS-162520-00-5.
INN. Treatment of neoplasms. FTS

Thrombin Alfa [2007] (throm’ bin al’ fa). C1511H2342N418O436S15. (1)
Thrombin (synthetic human); (2) Human thrombin (recombi-
nant, glycosylated). Molecular weight is approximately 33,820
daltons. CAS-869858-13-9. INN. Topical surgical hemastat.

Tomopenem [2007] (toe’’ moe pen’ em). C23H35N7O6S. 537.64. (1)
1-Azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, 3-[[(3S,5S)-5-
[[(3S)-3-[[[(aminoiminomethyl)amino]acetyl]amino]-1-pyrroli-
dinyl]carbonyl]-1-methyl-3-pyrrolidinyl]thio]-6-[(1R)-1-hydro-
xyethyl]-4-methyl-7-oxo-, (4R,5S,6S)-; (2) (4R,5S,6S)-3-
({(3S,5S)-5-[(3S)-3-(Carbamimidamidoacetamido)pyrrolidine-
1-carbonyl]-1-methylpyrrolidin-3-yl}sulfanyl)-6-[(1R)-1-hy-
droxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid (3) (4R,5S,6S)-3-{[(3S,5S)-5-({(3S)-3-[(2-Gua-
nidinoacetyl)amino]pyrrolidin-1-yl}carbonyl)-1-methylpyrroli-
din-3-yl]sulfanyl}-6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. CAS-222400-
20-6. INN. Antibiotic. RO4908463; CS-023; R-115685; R-
1558
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Totrombopag Choline [2006] (toe trom’ boe pag koe’ leen). C25H21

N8O2.C5H14NO. 569.66. [Totrombopag is INN.] (1) Ethanami-
nium, 2-hydroxy-N,N,N-trimethyl-, salt with 2-(3,4-dimethylphe-
nyl)-2,4-dihydro-4-[[2-hydroxy-3’-(1H-tetrazol-5-yl)[1,1’-biphe-
nyl]-3-yl]azo]-5-methyl-3H-pyrazol-3-one (1:1); (2) 2-Hydroxy-
N,N,N-trimethylethanaminium 5-[3’-[(2Z)-2-[1-(3,4-dimethyl-
phenyl)-3-methyl-5-oxo-1,5-dihydro-4H-pyrazol-4-ylidene]dia-
zanyl]-2’-hydroxybiphenyl-3-yl]tetrazolide. CAS-851606-62-7;
CAS-376592-42-6 [totrombopag]. Treatment of chemotherapy-
induced thrombocytopenia, treatment of thrombocytopenia-asso-
ciated liver diseases, and idiopathic thrombocytopenic purpura.
SB-559448-AAA

Tropantiol [2006] (troe’’ pan tye’ ol). C21H34ClN3S2. 428.10. (1)
Ethanethiol, 2-[[2-[[[(1R,2R,3S,5S)-3-(4-chlorophenyl)-8-meth-
yl-8-azabicyclo[3.2.1]oct-2-yl]methyl](2-mercaptoethyl)ami-
no]ethyl]amino]-; (2) 2-[[[(1R,2R,3S,5S)-3-(4-Chlorophenyl)-8-
methyl-8-azabicyclo[3.2.1]oct-2-yl]methyl][2-[(2-sulfanylethy-
l)amino]ethyl]amino]ethanethiol.CAS-189950-11-6. INN. Diag-
nosis or exclusion of Parkinsonian syndrome with or without
dopaminergic deficit. NC100697

Vinflunine Ditartrate [2007] (vin’ floo neen). C45H54F2N4O8.2C4H6

O6. 1117.00. [Vinflunine is INN.] (1) Aspidospermidine-3-car-
boxylic acid, 4-(acetyloxy)-6,7-didehydro-15-[(2R,4R,6S,8S)-4-
(1,1-difluoroethyl)-1,3,4,5,6,7,8,9-octahydro-8-(methoxycarbo-
nyl)-2,6-methano-2H-azecino[4,3-b]indol-8-yl]-3-hydroxy-16-
methoxy-1-methyl-, methyl ester, (2b,3b,4b,5a,12R,19a)-,
(2R,3R)-2,3-dihydroxybutanedioate (1:2); (2) 4’-Deoxy-20’,20’-
difluoro-8’-norvincaleucoblastine ditartrate. CAS-194468-36-5;
CAS-162652-95-1 [vinflunine]. Treatment of cancer. Javlor
BMS-710485; F-12158

Voclosporin [2006] (vok’’ loe spor’ in). C63H111N11O12. 1214.62. (1)
Cyclosporin A, 6-[(2S,3R,4R,6E)-3-hydroxy-4-methyl-2-(methy-
lamino)-6,8-nonadienoic acid]-; (2) Cyclo[L-alanyl-D-alanyl-N-
methyl-L-leucyl-N-methyl-L-leucyl-N-methyl-L-valyl-
[(2S,3R,4R,6E)-3-hydroxy-4-methyl-2-(methylamino)nona-6,8-
dienoyl]-(2S)-2-aminobutanoyl-N-methylglycyl-N-methyl-L-leu-
cyl-L-valyl-N-methyl-L-leucyl]. CAS-515814-01-4. INN. Immu-
nosuppressant. ISATX247; ISA247
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CHROMATOGRAPHIC REAGENTS
USED IN USP–NF AND

PHARMACOPEIAL FORUM

This is an update based on the proposals published in this issue of PF.
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Chromatographic Reagents Used in USP–NF and
Pharmacopeial Forum

Jan.–Feb. 2008

rALBUMIN HUMAN (DSD Mgh #2992)
PF LGS# Reagent Brand Type of Test Comments

34(1) L7 Brownlee RP-300
C8

Identification 2.1 mm 6 3 cm, 7 mm. Manufacturer: PerkinElmer

ALFADEX (DSD Mgh #1570)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 YMC-Pack ODS-A Assay, Identification, and
Related compounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: YMC Inc.

ALLOPURINOL (DSD Mgh #1430)
PF LGS# Reagent Brand Type of Test Comments

34(1) L10 LiChrospher CN Limit of ..... Limit of hydrazine. 4.0 mm 6 25 cm, 5 mm. Manufacturer:
Merck KGaA

ARTICAINE HYDROCHLORIDE (DSD Mgh #2412)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 Symmetry C-18 Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.

BETADEX (DSD Mgh #8744)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 YMC-Pack ODS-A Assay and Related com-
pounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: YMC Inc.

CEFDINIR FOR ORAL SUSPENSION (DSD Mgh #2184)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 YMC-Pack ODS-
AM

Related compounds 4.6 mm 6 15 cm, 5 mm. Manufacturer: YMC Co. Ltd.

34(1) L1 YMC-Pack ODS-
AM

Assay 3.9 mm 6 15 cm, 4 mm. Manufacturer: YMC Co. Ltd.

CHLORHEXIDINE ACETATE (DSD Mgh #15580)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Luna C18 Related compounds and
Limit of .....

Limit of p-chloroaniline. 4.6 mm 6 25 cm, 5 mm. Manu-
facturer: Phenomenex

CHLORHEXIDINE HYDROCHLORIDE (DSD Mgh #15650)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 Luna C18 Related compounds and
Limit of .....

Limit of p-chloroaniline. 4.6 mm 6 25 cm, 5 mm. Manu-
facturer: Phenomenex

CLONAZEPAM ORALLY-DISINTEGRATING TABLETS (DSD Mgh #18575)
PF LGS# Reagent Brand Type of Test Comments

34(1) L7 Symmetry C8 Assay, Dissolution, Uni-
formity of dosage units,
Related compounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Waters Associates

Pharmacopeial Forum
Vol. 34(1) [Jan.–Feb. 2008] CHROMATOGRAPHIC REAGENTS 1

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

C
hrom

atographic
R

eagents



CLOPROSTENOL INJECTION (DSD Mgh #1181)
PF LGS# Reagent Brand Type of Test Comments

33(5) L1 Symmetry C-18 Assay, Identification, and
Related compounds

5 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.

DOXORUBICIN HYDROCHLORIDE PEGYLATED LIPOSOME INJECTION (DSD Mgh #1138)
PF LGS# Reagent Brand Type of Test Comments

33(1) L7 Supelcosil LC-8 Related compounds 4.6 mm 6 5 cm, 5 mm. Manufacturer: Supelco, Inc.
33(1) L1 Symmetry C-18 Identification 4.6 mm 6 15 cm, 5 mm. Manufacturer: Waters Corp.

DOXYCYCLINE HYCLATE DELAYED-RELEASE TABLETS (DSD Mgh #2243)
PF LGS# Reagent Brand Type of Test Comments

0(0) L21 Polymer X RP-1 Assay and Related com-
pounds

4.6 mm 6 25 cm. Manufacturer: Phenomenex

ESCITALOPRAM OXALATE (DSD Mgh #2651)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 Inertsil C8-3 Assay and Related sub-
stances

4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences

0(0) L51 Chiralpak AD Limit of ..... Limit of R-citalopram. 4.6 mm 6 25 cm, 5 mm. Manufac-
turer: Chiral Technologies, Inc.

FINASTERIDE (DSD Mgh #33178)
PF LGS# Reagent Brand Type of Test Comments

25(3) L1 Nova-Pak C18 Chromatographic purity, 4.6 mm 6 30 cm, 4 mm. Manufacturer: Waters Associates
25(3) L7 Pecosphere C8 Assay, and Identification 3.0 mm6 3.0 cm, 3 mm. Manufacturer: Perkin-Elmer Corp.

FLUCONAZOLE INJECTION (DSD Mgh #33243)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Inertsil ODS-3 Assay and Related com-
pounds

4.0 mm 6 10 cm, 3 mm. Manufacturer: GL Sciences

GUGGUL (DSD Mgh #2781)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 LiChrosphere 100
RP-18

Identification and Content
of .....

Identification B and Content of guggulsterones E and Z. 4.6
mm 6 25 cm. Manufacturer: Merck KGaA

GUGGUL TABLETS (DSD Mgh #2785)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 LiChrosphere 100
RP-18

Identification and Content
of .....

Identification B and Content of guggulsterones E and Z. 4.6
mm 6 25 cm. Manufacturer: Merck KGaA

IRBESARTAN AND HYDROCHLOROTHIAZIDE TABLETS (DSD Mgh #42420)
PF LGS# Reagent Brand Type of Test Comments

24(6) L1 YMC-AQ C18 Assay 4.6 mm 6 15 cm, 5 mm. Manufacturer: YMC Co., Ltd.

IVERMECTIN AND PYRANTEL PAMOATE TABLETS (DSD Mgh #43748)
PF LGS# Reagent Brand Type of Test Comments

34(1) L3 Zorbax SIL Assay for ..... Assay for pyrantel pamoate. 4.6 mm 6 25 cm, 5 mm.
Manufacturer: Agilent Technologies

LETROZOLE (DSD Mgh #44500)
PF LGS# Reagent Brand Type of Test Comments

25(3) L1 Nucleosil C18 Assay and Related com-
pounds

4.6 mm 6 12.5 cm, 5 mm. Manufacturer: Macherey-Nagel
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NATIVE GUGGUL EXTRACT (DSD Mgh #2784)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 LiChrosphere 100
RP-18

Identification and Content
of .....

Identification B and Content of guggulsterones E and Z. 4.6
mm 6 25 cm. Manufacturer: Merck KGaA

OXYCODONE HYDROCHLORIDE (DSD Mgh #59510)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 Symmetry C-18 Limit of ..... Limit of codeinone and 14-hydroxycodeinone. 3 mm 6 15
cm, 3.5 mm. Manufacturer: Waters Corp.

PANTOPRAZOLE SODIUM DELAYED-RELEASE TABLETS (DSD Mgh #2632)
PF LGS# Reagent Brand Type of Test Comments

33(6) L1 Luna C18 Assay, Chromatographic
purity, Dissolution

4.6 mm 6 7.5 cm, 3 mm. Manufacturer: Phenomenex

PILOCARPINE HYDROCHLORIDE TABLETS (DSD Mgh #65015)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Luna C18(2) Assay, Identification, Re-
lated compounds, Unifor-

mity of dosage units

4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex

0(0) L1 Atlantis C18 Dissolution 4.6 mm 6 15 cm. Manufacturer: Waters

POWDERED GUGGUL EXTRACT (DSD Mgh #2782)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 LiChrosphere 100
RP-18

Identification and Content
of .....

Identification B and Content of guggulsterones E and Z. 4.6
mm 6 25 cm. Manufacturer: Merck KGaA

PROPAFENONE HYDROCHLORIDE (DSD Mgh #70214)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 YMC-Pack Pro C8 Related compounds 4.6 mm 6 15 cm, 5 mm. Manufacturer: YMC Co., Ltd.

TICLOPIDINE HYDROCHLORIDE (DSD Mgh #83560)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 Spherisorb ODS-2 Limit of ..... Limit of formaldehyde. 4.6 mm 6 15 cm, 5 mm. Manu-
facturer: Waters Associates

34(1) L7 LiChrosorb RP-8 Assay and Related com-
pounds

4.6 mm 6 25 cm, 10 mm. Manufacturer: Merck KGaA

TRANDOLAPRIL (DSD Mgh #84407)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 XTerra RP 18 Related compounds 4.6 mm 6 15 cm, 3.5 mm. Manufacturer: Waters Corp.
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STANDARDS DEVELOPMENT

This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum (PF), for

the development of official pharmaceutical standards.

S
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USP publishes Pharmacopeial Forum (PF) bimonthly and provides interested parties an opportunity to review and comment on

the new or revised standards of the United States Pharmacopeia and the National Formulary (USP–NF).

PF includes the following:

1. Potential revisions—entirely new standards, revision ideas, and drafts not yet targeted for official adoption (Pharmacopeial

Previews)

2. Proposed revisions—new or revised standards targeted for official adoption (In-Process Revision)

3. Adopted revisions—new or revised standards that become official and binding before the publication of the next USP–NF or

Supplement (Interim Revision Announcement)

USP welcomes comments and data on potential, proposed, or official standards. Comments, along with USP’s responses, will be

published either in PF Briefings, the Commentary section of PF, the Commentary section of Supplements to USP–NF, or the

Commentary section of USP–NF.
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, U.S. Pharmacopeia, 12601 Twinbrook Parkway,

Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
This section provides descriptions of the various parts of PF. It also includes Committee Designations and the Staff Directory.
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The content of the different sections of PF are briefly described below. A more detailed description of each section is provided at

the beginning of that section. A general description of the types and amount of information expected in a Request for Revision is

available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website (www.usp.org/USPNF/sub-

mitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Pharmacopeial
Previews
Early ideas for revisions

�BRIEFING: Scientific rationale for potential inclusion or change. May
include other information useful to the analyst such as the brand name
of the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�Potential revisions not yet targeted for official adoption that require a
longer public review and comment process because of
issues such as:

— the controversial nature of an item;
— the application of new technologies that require further

study; and
— articles produced by multiple sources.

Review drafts and provide comments to
the appropriate staff liaison cited in the
Briefing preceding each Preview.

In-Process Revision
Revisions targeted for
adoption

�BRIEFING: Scientific rationale for proposed changes. May include
other information useful to the analyst such as the brand name of
the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�New and revised standards that have been approved for publication
by the appropriate USP Committee when it is considering whether to
advance standards to official status (see Standards Development).
New or revised text is marked with symbols (&

&
or .. or

~

~
) to spec-

ify the tentative earliest date on which the revision would be officially
adopted.

Review material and send comments
promptly to USP staff liaison (see the
Staff Directory) identified at the end of
the briefing accompanying each item.
For general inquiries or in cases where
a particular liaison is not identified, use
the general USP telephone number 301-
881-0666 or FAX number 301-816-
8373. Comment deadlines are found at
the end of the Policies and Announce-
ments section.

Harmonization
Items the Pharmacopeial
Discussion Group (PDG)
is working to harmonize
internationally

�BRIEFING: Scientific rationale for the potential inclusion or change or
for the proposed change. The designated stage of harmonization. The
stage determines whether an item appears under Pharmacopeial Pre-
views or under In-Process Revision, both separate sections of Harmo-
nization.
�For In-Process Revision, new or revised text is marked with symbols
(&

&
) to specify the tentative, earliest date on which the revision would

be officially adopted.

Review material and provide comments
to the appropriate staff liaison cited in the
Briefing preceding each Preview or In-
Process Revision.
Individuals who wish to correspond
with the European and Japanese Pharma-
copoeias concerning monographs in the
Official Inquiry and Consensus stages
of international harmonization should ad-
dress their comments to the coordinating
pharmacopeia, with a copy to USP, for a
given article. The addresses for the Eur-
opean and Japanese Pharmacopoeias are
as follows:

Technical Secretariat of the European
Pharmacopoeia Commission
B.P. 907
F 67029 Strasbourg Cedex 1
France

NAKASHIMA Nobumasa Evaluation
and Licensing Division Pharmaceutical
and Medical Safety Bureau Ministry of
Health, Labour and Welfare, Japan
Tel. +81-3-3595-2431, Fax +81-3-3597-
9535
E-mail: nakashima-nobumasa@mhlw.-
go.jp
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Interim Revision
Announcement
Adopted standards

Standards that have been adopted and will become officially binding
on the specified date. Effective date is specified in the section’s intro-
ductory page or within parentheses following a particular item. New
or revised text is set off by the symbols .

..

Review to see if affected by any of the
changes. Note effective date when stan-
dards become official and ensure compli-
ance.

Pending Proposals In order for an item to be adopted into the USP–NF and become offi-
cially binding, it must first be proposed and published in the PF to
allow the public an opportunity to review and comment upon it. When
an item is adopted, it is published in either the USP–NF, its supple-
ments, or an IRA. Those items that have not yet been adopted are still
pending.

Review items to track pending propos-
als.

Canceled Proposals Canceled proposals are items that were published in PF and were
pending, but have since been canceled. Note that canceled propos-
als may be republished to be considered in the future for adoption into
the USP–NF.

Review items to track canceled propos-
als.
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Other Sections

Expert Committee Designations

Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the development of stan-

dards.

Staff Directory

Names of key USP Standards Division staff members, including scientific liaisons, with contact information.

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Where to find summaries of meetings of the Council of Experts
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested parties
� Discussions of issues on which USP desires public input prior to further development

Nomenclature
� Latest adopted United States Adopted Names (USAN) and International Nonproprietary Names (INN) for drugs
� Revisions to existing names as a supplement to the USP Dictionary of USAN and International Drug Names
� Suggested, proposed, and recommended USAN and INN
� Information on how nonproprietary drug names are devised
� Articles relevant to compendial nomenclature issues

Index

Cumulative directory for the content of all issues of PF beginning with PF 34(1).

Chromatographic Reagents Used in USP–NF and Pharmacopeial Forum

Update of chromatographic reagents based on the proposals published in this issue of PF.
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

BB CGT B&B Cell, Gene, and Tissue Therapies

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

MD-CCA Monograph Development—Cough, Cold, and Analgesics

MD-GRE Monograph Development—Gastrointestinal, Renal, and Endocrine

MD-OOD Monograph Development—Ophthalmology, Oncology, and Dermatology

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2005–2010 Expert Committees. The general USP telephone

number, (301) 881-0666, may still be used for general inquiries or when a particular Expert Committee is not identified. The fax

number is (301) 816-8373.

STAFF E-MAIL PHONE ASSIGNMENT

Darrell Abernethy
Chief Science Officer

dra@usp.org (301) 816-8184

Clydewyn M. Anthony, Ph.D.,
Scientist

cma@usp.org (301) 816-8139 Monograph Development—
Cough, Cold, and Analgesics
(MD-CCA)

Fouad Atouf, Ph.D.,
Senior Scientific Associate

fa@usp.org (301) 816-8365 B&B Cell, Gene, and Tissue
Therapies (BB CGT)

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Patient Safety Initiatives

scb@usp.org (301) 816-8216

Daniel K. Bempong, Ph.D.,
Senior Scientist

dkb@usp.org (301) 816-8143 Pulmonary and Steroids
(MD-PS)

Kristie Bowman,
Senior Scientific Associate

kxb@usp.org (301) 816-8462 Food Ingredients (FI)

William E. Brown,
Senior Scientist

web@usp.org (301) 816-8380 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF)

Damián A. Cairatti,
Senior Scientist

dac@usp.org (301) 816-8307 USP–NF Spanish Edition

Larry N. Callahan, Ph.D.,
Senior Scientist

lnc@usp.org (301) 816-8385 B&B Proteins and Polysaccha-
rides (BB PP)

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Diane Cousins, R.Ph.,
Vice President, Healthcare Quality
and Information

ddc@usp.org (301) 816-8215

Behnam Davani, Ph.D.,
Senior Scientist

bd@usp.org (301) 816-8394 Monograph Development—
Antivirals and Antimicrobials
(MD-AA)

Anthony DeStefano,
Vice President, General Chapters

ajd@usp.org (301) 998-6303

Ian F. DeVeau, Ph.D.,
Director, Veterinary Drugs
and Radiopharmaceuticals

ifd@usp.org (301) 816-8178 Veterinary Drugs (VET)

Shawn F. Dressman, Ph.D.,
Director, Reference Standards
Evaluation

sfd@usp.org (301) 816-8261 Reference Standards (RS)

Lawrence Evans III, Ph.D., M P.H.,
Senior Scientist

le@usp.org (301) 816-8389 Dietary Supplements—Non-
Botanicals (DSN)

Gabriel I. Giancaspro, Ph.D.,
Director, Dietary
Supplements

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Scientist

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Senior Scientist

eg@usp.org (301) 816-8251 Monograph Development—
Gastrointestinal, Renal, and
Endocrine (MD-GRE)

James Griffiths,
Vice President, Food and Dietary
Supplement Standards

jg@usp.org (301) 998-6811
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STAFF E-MAIL PHONE ASSIGNMENT

Antonio Hernandez-Cardoso,
Scientist, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP Spanish Edition;
General Chapters (GC)

Desmond G. Hunt, Ph.D.,
Scientist

dgh@usp.org (301) 816-8341 Packaging and Storage
(P&S);

Parenteral Products— Industrial
(PPI)

Ping Jin, Ph.D.,
Senior Scientific Associate

pj@usp.org (301) 998-6827 Dietary Supplements—
Performance Standards (DS-PS)

Jymeann King, R.Ph.,
Drug Information Specialist

jk@usp.org (301) 816-8507 Drug Information

Robert Lafaver,
Scientist

rhl@usp.org (301) 816-8335 Excipient Monographs 1 (EM1);
Excipient General Chapters (EGC)

Angela G. Long,
Vice President, Volunteer and
Organizational Affairs and
Executive Secretariat

agl@usp.org (301) 816-8382

Victor Xiaobin Lu, Ph.D.,
Senior Scientist

vxl@usp.org (301) 816-8336 B&B Vaccines and Virology
(BB-VV)

Anju K. Malhotra,
Manager, Scientific Administration

akm@usp.org (301) 816-8346

Feiwen Mao,
Scientist

fm@usp.org (301) 816-8320 Monograph Development—
Ophthalmology, Oncology,
and Dermatology (MD-OOD)

Margareth R. Marques, Ph.D.,
Senior Scientist and Latin
American Liaison

mrm@usp.org (301) 816-8106 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF); Reagents

Marcia D. Mayfield,
Manager, Monograph Development

mxm@usp.org (301) 816-8358

Jeff Moore, Ph.D.,
Senior Scientific Associate

jm@usp.org (301)816-8288 Food Ingredients (FI)

Kevin Moore, Ph.D.,
Scientist

ktm@usp.org (301)816-8369 Harmonization;
Monograph Improvement

Tina S. Morris, Ph.D.,
Director, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

Amy Neal, DVM,
Senior Scientist

an@usp.org (301) 998-6786 Veterinary Medicine Information
(VMI)

Claudia C. Okeke, Ph.D.,
Scientific Fellow,
Patient Safety

cco@usp.org (301) 816-8243 Sterile Compounding (SCC)

Horacio Pappa, Ph.D.,
Senior Scientist and Latin
American Liaison

hp@usp.org (301) 816-8319 General Chapters (GC);
Statistics (STAT)

W. Larry Paul, Ph.D.,
Scientific Fellow

wlp@usp.org (301) 816-8331 Nomenclature (NOM)

Denise Penn, R.Ph.,
Senior Drug Information Specialist

dsp@usp.org (301) 816-8392 Drug Information

Deborah G. Perfetto, Pharm.D.,
Director, Healthcare Information

dgp@usp.org (301) 816-8317

Morgan Puderbaugh,
Scientific Associate

mxp@usp.org (301) 998-6833

Sujatha Ramakrishna, Ph.D.,
Scientist

sxr@usp.org (301) 816-8349 Monograph Development—
Cardiovascular (MD-CV)
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STAFF E-MAIL PHONE ASSIGNMENT

Hariram Ramanathan,
Scientific Associate

hr@usp.org (301) 816-8313

Ravi Ravichandran, Ph.D.,
Senior Scientist

rr@usp.org (301) 816-8330 Monograph Development—
Psychiatrics and
Psychoactives (MD-PP)

Gary E. Ritchie, M.S.,
Scientific Fellow for PAT

ger@usp.org (301) 816-8353 General Chapters (GC);
Pharmaceutical Waters (PW);
Statistics (STAT)

Karen A. Russo, Ph.D.,
Director, Small Molecules
and Monograph Acquisition

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientist

lxs@usp.org (301) 816-8168 International Health (IH)

Dandapantula Sarma, Ph.D,
Senior Scientist

dns@usp.org (301) 816-8354 Dietary Supplements—
Information (DSI)

Rick Schnatz, Pharm.D,
Manager

rxs@usp.org (301) 816-8526 Compounding Pharmacy (CRX)

Stefan P. Schuber, Ph.D.,
Director, Scientific Reports

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientist

mhs@usp.org (301) 816-8318 Dietary Supplements—
Botanicals (DSB)

Catherine M. Sheehan,
Director, Excipients and
Food Ingredients

cxs@usp.org (301) 816-8262 Food Additives (FA)

Tom Sigambris, M.S.,
Scientist

tzs@usp.org (301) 998-6789

Nora R. Suarez,
Scientific Associate

nrs@usp.org (301) 816-8326

Anita Y. Szajek, Ph.D.,
Senior Scientist

aey@usp.org (301) 816-8325 B&B Blood and Blood Products
(BB BBP)

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientist

rst@usp.org (301) 816-8339 General Toxicity and Medical
Device Biocompatibility
(GTMDB); Microbiology and
Sterility Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientist

yt@usp.org (301) 816-8321 Dietary Supplements—
General Chapters (DS-GC)

Domenick Vicchio,
Senior Scientist

dwv@usp.org (301) 998-6828

Hong Wang, Ph.D.,
Scientist

hw@usp.org (301) 816-8351 Excipient Monographs 2
(EM2); Excipient General
Chapters (EGC)

Andrzej Wilk, Ph.D.,
Scientist

aw@usp.org (301) 816-8305 Radiopharmaceuticals and
Medical Imaging Agents
(RMI); Radiopharmaceutical
Information (RI)

Ahalya Wise,
Scientist

aww@usp.org (301) 816-8607 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientist

kxz@usp.org (301) 816-8269 Aerosols (AER); General
Chapters (GC)
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POLICIES AND
ANNOUNCEMENTS

This section includes information about general scientific and policy issues that may have an impact on USP–NF standards and

processes and announcements about issues being considered by USP. This section also includes publication and comment

schedules.
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and
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ents



CAUTIONARY STATEMENTS ADDED TO BLACK

COHOSH-RELATED MONOGRAPHS. USP’s Dietary

Supplements—Information Expert Committee (DSI EC)

proposed cautionary statements on the labels for the

following black cohosh dietary supplements (published in

PF 33(5), pages 954–962):

� Black Cohosh
� Black Cohosh Fluidextract
� Powdered Black Cohosh
� Powdered Black Cohosh Extract
� Black Cohosh Tablets

The DSI EC received several comments on the proposal. After

reviewing the comments, the DSI EC revised the proposed la-

bel statement to read as follows:Discontinue use and consult a

healthcare practitioner if you have a liver disorder or develop

symptoms of liver trouble, such as abdominal pain, dark urine,

or jaundice.

DSI EC responses to the comments are available at www.

usp.org. Direct IRAs with the label statements appear in this

Pharmacopeial Forum for these black cohosh-related mono-

graphs.

Please direct any comments or questions to Dandapantula Sar-

ma, Ph.D., Senior Scientist and Liaison to the Dietary Supple-

ments—Information Expert Committee (301-816-8354 or

dns@usp.org).

PRAVASTATIN SODIUM TABLETS DISSOLUTION

DIRECT IRA. The Dissolution test for Pravastatin Sodium

Tablets is being revised to add an additional Dissolution

procedure (Test 2) because the FDA recently approved a

new generic version of this product.

Please direct any comments or questions to Margareth Mar-

ques, Ph.D., Senior Scientist (301-816-8106 or mrm@

usp.org).

RESIDUAL SOLVENTS: GENERAL NOTICES AND

GENERAL CHAPTER h467i—IMPLEMENTATION

DATE DELAYED TO JULY 1, 2008. The Executive

Committee of the Council of Experts has delayed the

implementation date for the requirements related to USP

General Chapter h467i from July 1, 2007 to July 1, 2008.

According to this decision, the implementation date of the sec-

tion on Residual Solvents in the General Notices and the

change in the title of General Chapter h467i from Organic Vo-

latile Impurities to Residual Solventswill be delayed from July

1, 2007 to July 1, 2008. Additionally, the section in h467i
titled Other Analytical Procedures, originally slated to be de-

leted at the time when the title changes, will be kept in the

chapter until the new implementation date. Specifications for

Organic Volatile Impurities h467i in USP–NF monographs

will remain official until July 1, 2008. After July 1, 2008,

the change in the title of General Chapter h467i and the Gen-

eral Notices statement on Residual Solvents will be effective,

and references to Organic Volatile Impurities will be deleted

from monographs.

Please direct any questions to Horacio Pappa, Ph.D., Senior

Scientist (301-816-8319 or hp@usp.org).

FOOD CHEMICALS CODEX SIXTH EDITION NOW

AVAILABLE.Food Chemicals Codex Sixth Edition (FCC),

features internationally recognized monograph standards and

tests for the purity and quality for more than 1,000 food-grade

ingredients. This edition also includes specifications for

solutions and indicators, reference charts and tables, and

supplemental data. Updated and redesigned for 2008, the

FCC is now published every two years with an annual

supplement between editions. Available in online and print

subscriptions, in English only. Order now at www.usp.org/

products/fcc.

USP CATALOG AVAILABLE. The USP Catalog is

available in online and stand-alone print versions. Online

bimonth ly and dai ly ca ta logs can be accessed a t

www.usp.org/referenceStandards/catalog.html. You can also

sign up to receive the USP Catalog in print (via postal mail)

along with monthly email alerts—which will keep you

informed about new Reference Standards, availability, and

current lots—by sending an e-mail to marketing@usp.org or

by calling 301-816-8237.

STIMULI ARTICLES POSTED ON USP’S WEBSITE.

The Stimuli articles that are published in Pharmacopeial

Forum are simultaneously published on USP’s website.

Look for them at h t tp : / /www.usp .org /USPNF/pf /

whatsInside.html. For more information about Stimuli

articles, please contact Stefan Schuber, Ph.D., Director,

Scientific Reports (301-816-8551 or sps@usp.org).

PHARMACOPEIAL EDUCATION. USP’s Pharmacopeial

Education (PE) courses offer authoritative, specialized

instruction for chemists and other scientific professionals in

the pharmaceutical and allied industries. USP scientists, who

play a key role in establishing official USP standards, work in

conjunction with PE faculty to develop and teach these

courses and provide expert insights on the practical

applications of official test procedures and best practices in

using the USP–NF as well as other USP resources.

Additionally, the courses offer participants an opportunity to

learn how to become involved in USP’s standards-setting

processes and the benefits of participating in standards

development.

In 2007, we expanded our course delivery portfolio to include

web-based education. Our online course, titled ‘‘Navigating

Chapter h467i Residual Solvents’’, has been very successful,

as participants are experiencing the benefits of a convenient

scheduling format and cost savings associated with web-based

education.
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In 2008, we will introduce additional new courses including:

� Validation of Compendial Procedures (Classroom)
� Chapter h905i: Ensuring Confidence in Dosage Unit Uni-

formity (Classroom)
� cGMP: Quality Systems Approach for APIs (WBE)
� Determining Particulate Matter Parenterals (Classroom)

For more information, dates, and locations, or to register, visit

www.usp.org/education. To discuss how USP can bring

courses to a location of your choice or design a custom course

package for you, call 301-230-6304 or e-mail ProfessionalE-

ducation@usp.org.

VISIT THE USP WEBSITE AT http://www.usp.org.
Various resources related to Pharmacopeial standards are
presented. Highlights from PF, Notices relating to USP–NF,

USP policies, Commentary on upcoming official revisions,
and Reference Standard information are some of the items
found on the website.

PHARMACOPEIAL FORUM PUBLIC REVIEW AND

COMMENT PERIOD DEADLINES. The USP welcomes

and encourages interested parties to submit comments and

data regarding potential, proposed, or adopted (official)

standards. In accordance with the Rules and Procedures of

the 2005–2010 Council of Experts, USP has implemented a

90-day comment period by providing a deadline for each

issue of PF unless otherwise stated in the individual

Briefing. The comment period deadlines and the targeted

official publications are listed below.

Pharmacopeial Forum Comment Deadline
Targeted Official

Publication Publication Date Official Date

PF 33(6) February 15, 2008 USP 32–NF 27 November 2008 May 2009

PF 34(1) April 15, 2008

PF 34(2) June 15, 2008 USP 32–NF 27
1st Supplement

February 2009 August 2009

PF 34(3) August 15, 2008

PF 34(4) October 15, 2008 USP 32–NF 27
2nd Supplement

June 2009 December 2009

PF 34(5) December 15, 2008

PF 34(6) February 15, 2009 USP 33–NF 28 November 2009 May 2010

PF 35(1) April 15, 2009

All official revisions are published in the USP–NF (yearly) or

in Supplements to USP–NF (twice yearly). Between these

publications, official revisions are published in PF in the Inter-

im Revision Announcement; these revisions are also incorpo-

rated in the upcoming Supplement. The official publication in

which an IRA is incorporated will depend upon publication

deadlines. The IRAs appearing in PF Numbers 5 and 6 of each

volume will not appear until Supplement 1. See the Publica-

tion Schedules table below. The electronic version of USP–

NF is updated as each Supplement becomes available and,

therefore, contains all official text up to and including the con-

tents of the latest Supplement. The table below outlines the

publications and their release and official dates, and the book

or Supplement that supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 31–NF 26 Nov. 1. 2007 May 1, 2008 1st Supplement to USP 31–NF
26

IRA [PF 34(1)] Jan. 1, 2008* Feb. 1, 2008 2nd Supplement to USP 31–NF
26

1st Supplement to USP 31–NF
26

Feb. 1, 2008* Aug. 1, 2008* 2nd Supplement to USP 31–NF
26

IRA [PF 34(2)] Mar. 1, 2008* Apr. 1, 2008 2nd Supplement to USP 31–NF
26

IRA [PF 34(3)] May 1, 2008* June 1, 2008* USP 32–NF 27

2nd Supplement to USP 31–NF
26

June 1, 2008* Dec. 1, 2008* USP 32–NF 27

IRA [PF 34(4)] July 1, 2008* Aug. 1, 2008* USP 32–NF 27

IRA [PF 34(5)] Sept. 1, 2008* Oct. 1, 2008* 1st Supplement to
USP 32–NF 27

IRA [PF 34(6)] Nov. 1, 2008* Dec. 1, 2008* 1st Supplement to
USP 32–NF 27

* Tentative.
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PRIORITY NEWMONOGRAPH ITEMS. USP is seeking

monographs for the following drug substances and drug pro-

ducts that are or soon will be off patent and thus are of the

highest priority. USP also is seeking monographs for the ex-

cipients listed below. Monographs are marked received upon

receipt of the monograph proposal. Received monographs are

removed from this list upon publication in Pharmacopeial

Forum. (This list has been updated as of December 20,

2007.) For the most current list, please consult the Priority

New Monograph Items List posted at http://www.usp.org/

USPNF/submitMonograph/newMon.html.

Monograph sponsors should consult USP’s Guideline for Sub-

mitting Requests for Revision to the USP–NF.

For additional information, contact Karen A. Russo, Ph.D.,

kar@usp.org.

Small Molecules (Drug Substances)—As of December 20, 2007

Alfuzosin Hydrochloride
(Received)

Allopurinol Sodium Aminopropazine Fumarate

Aminopterin Sodium Anagrelide Hydrochloride
(Received)

Arsenic Trioxide

Auranfoin Azelaic Acid Balsalazide Disodium

Bentoquatam Benzphetamine Hydrochloride Bivalirudin
(Received)

Cabergoline
(Received)

Calcipotriene Calfactant

Candesartan Cilexetil
(Received)

Carmustine
(Received)

Cefdinir
(Received)

Cefditoren Pivoxil Ceftibuten Ceftiofur Hydrochloride
(Received)

Cetrorelix Cevimeline Chloroxine

Choline Salicylate Cysteamine Bitartrate Cytarabine Liposome

Dalfopristin Dapirazole Hydrochloride Desirudin

Desonide
(Received)

Dexrazoxane Dextromethorphan Polistirex

Difenoxin Hydrochloride Difloxacin Hydrochloride Entacapone
(Received)

Epoprostenol Sodium
(Received)

Erythromycin Phosphate Erythromycin Thiocyanate

Esmolol Hydrochloride Estazolam Estramustine Phosphate Sodium

Ethanolamine Oleate Etomidate
(Received)

Etoposide Phosphate

Exemestane Famciclovir Felbamate

Flavoxate Hydrochloride
(Received)

Fluoromethane F 18 Foscarnet Sodium
(Received)

Fosfomycin Tromethamine
(Received)

Gadobenate Dimeglumine Gadopentetic Acid

Gallium Nitrate Ganirelix Glyceryl Aminobenzoate

Granisetron Hydrochloride
(Received)

Guanidine Hydrochloride Halobetasol Propionate
(Received)

Haloperidol Decanoate
(Received)

Hydrocodone Polistirex Ibandronate Sodium

Imipramine Pamoate Imiquimod Irinotecan

Isosulfan Blue Itraconazole
(Received)

Lamotrigine
(Received)

Latanoprost
(Received)

Levetiracetam
(Received)

Lomustine
(Received)

Lopinavir Metipranolol Hydrochloride Midazolam
(Received)

Mifepristone
(Received)

Miglitol Milrinone Lactate

Misoprostol
(Received)

Moexipril Hydrochloride Nalbuphine Hydrochloride

Nalmefene Hydrochloride Nateglinide
(Received)

Nedocromil Sodium

Nicardipine Hydrochloride Nilutamide Nisoldipine

Olopatadine
(Received)

Olsalazine Sodium
(Received)

Orbifloxacin
(Received)

Orlistat
(Received)

Oxcarbazepine
(Received)

Oxiconazole Nitrate
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Small Molecules (Drug Substances)—As of December 20, 2007 (Continued)

Pantoprazole Sodium
(Received)

Pemirolast Potassium Pentamidine Isethionate
(Received)

Pentetate Calcium Trisodium Pioglitazone Hydrochloride Piperonyl Butoxide

Pirbuterol Acetate Poractant Alpha Porfimer Sodium

Pramiprexole Dihydrochloride Proguanil Hydrochloride
(Received)

Quetiapine Fumarate
(Received)

Ranitidine Rivastigmine Tartrate
(Received)

Rocuronium Bromide
(Received)

Ropinirole Hydrochloride Rose Bengal Disodium Rosiglitazone Maleate

Salmeterol Xinafoate Sertraline Hydrochloride
(Received)

Sibutramine Hydrochloride
(Received)

Sodium Phenylbutyrate Sodium Phosphates Spectinomycin Sulfate

Streptozocin Tacrolimus
(Received)

Tenofovir Disoproxil Fumarate

Terconazole
(Received)

Tiludronate Disodium Tiopronin

Trandolapril
(Received)

Tranexamic Acid
(Received)

Tranylcypromine Sulfate

Trimetrexate Glucuronate Venlafaxine Hydrochloride
(Received)

Voriconazole
(Received)

Zaleplon Zinc Tridosium Pentetate Zoledronic Acid

Zonisamide
(Received)

Small Molecules (Drug Products)—As of December 20, 2007

Abacavir Sulfate, Lamivudine, and Zidovu-
dine Tablets

Acarbose Tablets Acetaminophen, Butalbital, Caffeine, and Co-
deine Phosphate Capsules

Acetaminophen, Clemastine Fumarate, and
Pseudoephedrine Hydrochloride Tablets

Acetazolamide Extended-Release Capsules Albuterol and Ipratropium Bromide Inhala-
tion Aerosol

Albuterol and Ipratropium Bromide Inhala-
tion Solution

Albuterol Extended-Release Tablets Albuterol Inhalation Aerosol

Albuterol Sulfate Inhalation Solution Albuterol Sulfate Oral Solution Alendronate Sodium Oral Solution

Alfuzosin Extended-Release Tablets Allopurinol for Injection Alprazolam Extended-Release Tablets

Alprostadil Urethral Suppository Aminopropazine Fumarate and Neomycin
Sulfate Tablets

Aminopropazine Fumarate Injection

Aminopropazine Fumarate Tablets Aminopterin Sodium Tablets Amiodarone Hydrochloride Injection

Amlodipine and Benazepril Hydrochloride
Capsules

Amphotericin B Injection Anagrelide Hydrochloride Capsules
(Received)

Arsenic Trioxide Injection Atovaquone and Proguanil Hydrochloride
Tablets

Atovaquone Tablets

Auranofin Capsules Azatadine Maleate and Pseudoephedrine
Sulfate Extended-Release Tablets

Azelaic Acid Cream

Azithromycin for Injection
(Received)

Azithromycin Tablets Baclofen Injection

Balsalazide Disodium Capsules Beclomethasone Dipropionate Inhalation
Aerosol

Beclomethasone Dipropionate Nasal Suspen-
sion

Benazepril Hydrochloride and Hydrochlor-
othiazide Tablets

Bentoquatam Topical Suspension Benzocaine and Cetylpyridinium Chloride
Lozenges

Benzocaine and Menthol Lotion Benzphetamine Hydrochloride Tablets Bicalutamide Tablets
(Received)

Bivalirudin Injection Brompheniramine Maleate, Dextromethor-
phan Hydrobromide, and Pseudoephedrine
Hydrochloride Oral Solution

Budesonide Inhalation Aerosol

Bupivacaine and Lidocaine Hydrochlorides
Injection

Buprenorphine Hydrochloride Injection Butalbital and Acetaminophen Capsules

Butalbital and Acetaminophen Tablets Cabergoline Tablets
(Received)

Calcipotriene Cream

Calcipotriene Ointment Calcipotriene Topical Solution Calcitriol Capsules

Calcitriol Oral Solution Calcium Acetate Capsules Calcium Trisodium Pentetate Injection

Calfactant Intratracheal Suspension Carbidopa and Levodopa Extended-Release
Tablets
(Received)

Carbidopa and Levodopa Tablets for Oral
Suspension
(Received)

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] POLICIES AND ANNOUNCEMENTS 223

P
olicies

and
A

nnouncem
ents



Small Molecules (Drug Products)—As of December 20, 2007 (Continued)

Carbidopa, Levidopa, and Entacapone
Tablets

Carmustine for Injection
(Received)

Carmustine Implant

Cefdinir Tablets Cefditoren Pivoxil Tablets Ceftibuten Capsules

Ceftibuten for Oral Suspension Ceftiofur Hydrochloride Oral Suspension Cetirizine Hydrochloride Oral Solution
(Received)

Cetirizine Hydrochloride Tablets
(Received)

Cetrorelix Injection Cevimeline Hydrochloride Capsules

Chloroxine Cream Chlorpromazine Hydrochloride Extended-
Release Capsules

Choline and Magnesium Salicylates Oral So-
lution

Choline and Magnesium Salicylates Tablets Choline Salicylate Oral Solution
(Received)

Ciclopirox Shampoo

Ciclopirox Topical Gel Ciclopirox Topical Solution
(Received)

Cimetidine Oral Solution

Ciprofloxacin Hydrochloride and Hydro-
cortisone Otic Suspension

Ciprofloxacin Otic Solution Citalopram Hydrobromide Oral Solution

Citric Acid, Gluconolactone, and Magne-
sium Carbonate Irrigation

Cladribine Injection Clemastine Fumarate Syrup

Clobetasol Propionate Gel Clonazepam Orally Disintegrating Tablets
(Received)

Clorazepate Dipotassium Capsules

Clorazepate Dipotassium Extended-Release
Tablets

Clotrimazole and Betamethasone Dipropio-
nate Lotion

Compound Undecylenic Acid Cream

Compound Undecylenic Acid Topical Pow-
der

Conjugated Estrogens and Medroxyproges-
terone Acetate Tablets

Cyclosporine Modified Capsules

Cyclosporine Modified Oral Solution Cyclosporine Ointment Cyclosporine Topical Solution

Cysteamine Bitartrate Capsules Cytarabine Liposome Injection Dalfopristin and Quinupristin Injection

Dantrolene Sodium Oral Suspension Dapiprazole for Ophthalmic Solution Desirudin for Injection

Desonide Cream Dexrazoxane for Injection Dextroamphetamine Sulfate Extended-Re-
lease Capsules

Dextromethorphan Polistirex Extended-Re-
lease Oral Suspension

Diazepam Injectable Emulsion Diclofenac Sodium Ophthalmic Solution

Diethylpropion Hydrochloride Extended-
Release Tablets

Difenoxin Hydrochloride and Atropine Sul-
fate Tablets

Difloxacin Hydrochloride Tablets

Dihydroergotamine Mesylate Metered
Spray

Diltiazem Hydrochloride Injection Dinoprostone Vaginal Suppositories

Diphenhydramine Hydrochloride and Acet-
aminophen Tablets

Divalproex Sodium Delayed-Release Cap-
sules

Dorzolamide and Timolol Ophthalmic Solu-
tion

Dorzolamide Ophthalmic Solution Doxepin Hydrochloride Cream Doxycycline Oral Gel

Econazole Nitrate Cream Edrophonium Chloride and Atropine Sul-
fate Injection

Enalapril Maleate and Diltiazem Malate Ex-
tended-Release Tablets

Enalapril Maleate and Felodipine Ex-
tended-Release Tablets

Enalaprilat Injection
(Received)

Entacapone Tablets

Ephedrine Sulfate and Guaifenesin Tablets Epoprostenol for Injection Epoprostenol Injection

Escitalopram Oxalate Tablets Esmolol Hydrochloride Injection Esomeprazole Magnesium Capsules

Estazolam Tablets Estramustine Phosphate Sodium Capsules Ethanolamine Oleate Injection

Etidronate Disodium Injection Concentrate Etomidate Injection Exemestane Tablets

Famotidine Orally Disintegrating Tablets Felbamate Oral Suspension Felbamate Tablets

Fentanyl Lozenges Famciclovir Tablets Fentanyl Transdermal System
(Received)

Ferrous Fumarate and Docusate Sodium
Extended-Release Capsules

Flavoxate Hydrochloride Tablets
(Received)

Fluconazole Injection
(Received)

Fluconazole Oral Suspension Fluconazole Tablets
(Received)

Flunisolide Inhalation Aerosol

Flunisolide Nasal Spray Fluocinolone Acetonide Shampoo Fluorescein Sodium Ophthalmic Solution

Fluorometholone Ointment Fluticasone Propionate Cream
(Received)

Fluticasone Propionate Inhalation Powder

Fluticasone Propionate Ointment
(Received)

Fluticasone Propionate Pressurized Inhaler Foscarnet Sodium Injection

Fosfomycin for Oral Solution Gabapentin Oral Solution Gadobenate Dimeglumine Injection

Gallium Nitrate Injection Ganciclovir Capsules Ganirelix Acetate Injection

Gatifloxacin Injection Gatifloxacin Tablets Gentamicin Sulfate Oral Solution

Gentamicin Sulfate Soluble Powder Glipizide Extended-Release Tablets Granisetron Injection
(Received)
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Small Molecules (Drug Products)—As of December 20, 2007 (Continued)

Granisetron Tablets
(Received)

Guaifenesin and Pseudoephedrine Hydro-
chloride Extended-Release Tablets

Guaifenesin and Salts of Dextromethorphan
and Pseudoephedrine Oral Solution

Guanidine Hydrochloride Tablets Halobetasol Propionate Cream Halobetasol Propionate Ointment

Haloperidol Decanoate Injection Haloperidol Lactate Injection Haloperidol Lactate Oral Concentrate

Hydralazine Hydrochloride and Hydro-
chlorothiazide Capsules

Hydrochlorothiazide Capsules Hydrochlorothiazide Oral Solution

Hydrocodone Bitartrate and Acetamino-
phen Capsules

Hydrocodone Bitartrate and Acetaminophen
Oral Solution

Hydrocodone Bitartrate and Aspirin Tablets

Hydrocodone Bitartrate and Guaifenesin
Oral Solution

Hydrocodone Bitartrate and Homatropine
Methylbromide Syrup

Hydrocortisone Acetate Dental Paste

Hydrocortisone Acetate Rectal Foam Aero-
sol

Hydrocortisone Butyrate Lotion Hydroflumethiazide and Reserpine Tablets

Hydromorphone Hydrochloride Oral Solu-
tion
(Received)

Hydroquinone Lotion Ibandronate Sodium Tablets

Ibuprofen Capsules Idarubicin Hydrochloride Injection Imipramine Pamoate Capsules

Imiquimod Topical Cream Ipratropium Bromide Inhalation Aerosol Ipratropium Bromide Inhalation Solution

Irinotecan Hydrochloride Injection Isosulfan Blue Injection Isradipine Extended-Release Tablets

Itraconazole Injection Itraconazole Oral Solution Ketoconazole Cream

Ketoconazole Shampoo Ketoprofen Capsules
(Received)

Ketoprofen Extended-Release Capsules

Ketoprofen Tablets Ketotifen Fumarate Ophthalmic Solution Lactic Acid Lotion

Lamivudine Tablets
(Received)

Lamotrigine Tablets Latanoprost Ophthalmic Solution

Leucovorin Calcium for Injection Levetiracetam Tablets Levocabastine Ophthalmic Suspension

Levofloxacin Solution Lincomycin Hydrochloride and Spectino-
mycin Sulfate Soluble Powder

Liothyronine Injection

Lisinopril and Hydrochlorothiazide Tablets
(Received)

Lomustine Capsules Lopinavir and Ritonavir Solution

Lopinavir Capsules Lopinavir Solution Loratadine Orally Disintegrating Tablets
(Received)

Losartan Potassium Tablets
(Received)

Mefloquine Hydrochloride Tablets Melphalan for Injection

Mesalamine Suppositories Mesoridazine Besylate Concentrate Metaraminol Bitartrate Injection

Methacholine Chloride for Inhalation Solu-
tion

Methadone Hydrochloride Oral Concentrate Methocarbamol and Aspirin Tablets

Methoxsalen Softgels Methyclothiazide and Deserpidine Tablets Methylphenidate Hydrochloride Chewable
Tablets

Metipranolol Ophthalmic Solution Metronidazole Capsules
(Received)

Metronidazole Cream

Metronidazole Extended-Release Tablets Metronidazole Hydrochloride for Injection Metronidazole Lotion

Miconazole Nitrate Topical Aerosol Midazolam Injection
(Received)

Mifepristone Tablets

Miglitol Tablets Milrinone Lactate Injection Misoprostol Tablets
(Received)

Moexipril Hydrochloride and Hydrochlor-
othiazide Tablets

Moexipril Hydrochloride Tablets Molindone Hydrochloride Oral Solution

Morphine Sulfate for Injection Concentrate Morphine Sulfate Oral Solution Morphine Sulfate Oral Solution Concentrate

Morphine Sulfate Tablets Mycophenolate Mofetil Capsules Mycophenolate Mofetil Oral Solution

Mycophenolate Mofetil Tablets Nalbuphine Hydrochloride Injection Nalmefene Hydrochloride Injection

Naphazoline Hydrochloride and Phenira-
mine Maleate Ophthalmic Solution

Naphazoline Hydrochloride and Phenira-
mine Maleate Ophthalmic Solution

Naproxen Sodium Extended-Release Tablets

Nateglinide Tablets
(Received)

Nedocromil Sodium Inhalation Aerosol Neomycin Sulfate Oral Powder

Nicardipine Hydrochloride Capsules Nilutamide Tablets Nimodipine Capsules

Nisoldipine Extended-Release Tablets Nitroglycerin Solution in Acrylic Adhesive Nitroglycerin Transdermal System

Nizatidine Tablets Ofloxacin in Dextrose Injection Ofloxacin Injection

Olopatadine Ophthalmic Solution
(Received)

Olsalazine Sodium Capsules Ondansetron Tablets
(Received)

Orbifloxacin Tablets
(Received)

Orphenadrine Citrate Extended-Release
Tablets
(Received)

Orphenadrine Citrate, Aspirin, and Caffeine
Tablets
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Small Molecules (Drug Products)—As of December 20, 2007 (Continued)

Oxcarbazepine Suspension Oxcarbazepine Tablets
(Received)

Oxiconazole Cream

Pamidronate Disodium Injection Pantoprazole Sodium for Injection Pantoprazole Sodium Tablets

Paroxetine Hydrochloride Extended-Re-
lease Tablets

Paroxetine Oral Suspension Pemirolast Potassium Ophthalmic Solution

Penicillin G Potassium Tablets for Oral So-
lution

Pentamidine Isethionate for Inhalation Pentamidine Isethionate Injection
(Received)

Pentazocine Hydrochloride and Acetamino-
phen Tablets

Phendimetrazine Tartrate Extended-Release
Capsules

Phenobarbital Capsules

Phentermine Resin Complex Capsules Phenylephrine Hydrochloride and Chlor-
pheniramine Maleate Extended-Release
Capsules

Phenylephrine Hydrochloride, Chlorphenira-
mine Maleate, and Acetaminophen Ex-
tended-Release Tablets

Pilocarpine Hydrochloride Ophthalmic Gel Pilocarpine Hydrochloride Ophthalmic
Ointment

Pilocarpine Hydrochloride Tablets
(Received)

Pioglitazone Hydrochloride Tablets Piperonyl Butoxide and Pyrethrins Aerosol
Foam

Pirbuterol Acetate Inhalation Aerosol

Poractant Alpha Supension Porfimer Sodium for Injection Povacrylate Solution

Povacrylate–Iodine Topical Solution Povidone–Iodine Gauze Povidone–Iodine Swabsticks

Povidone–Iodine Topical Aerosol Foam Povidone–Iodine Vaginal Suppositories Pramipexole Dihydrochloride Tablets

Prednisolone Sodium Phosphate Oral Solu-
tion

Prochlorperazine Maleate Extended-Re-
lease Capsules

Progesterone Capsules

Promethazine and Phenylephrine Hydro-
chlorides and Codeine Phosphate Syrup

Promethazine and Phenylephrine Hydro-
chlorides Syrup

Promethazine Hydrochloride and Codeine
Phosphate Oral Solution

Promethazine Hydrochloride and Dextro-
methorphan Hydrobromide Syrup

Propafenone Hydrochloride Tablets Pseudoephedrine Hydrochloride and Brom-
pheniramine Maleate Extended-Release
Tablets

Pseudoephedrine Hydrochloride and Na-
proxen Sodium Extended-Release Tablets

Pseudoephedrine Hydrochloride, Chlor-
pheniramine Maleate, and Codeine Phos-
phate Oral Solution

Pseudoephedrine Hydrochloride, Guaifene-
sin, and Codeine Phosphate Oral Solution

Pseudoephedrine Sulfate and Dexbromphe-
niramine Maleate Extended-Release
Tablets

Pseudoephedrine Sulfate and Dexbrom-
pheniramine Maleate Oral Solution

Pseudoephedrine Sulfate, Dexbromphenira-
mine Maleate, and Acetaminophen Ex-
tended-Release Tablets

Pyrilamine Maleate Injection Quinapril Hydrochloride and Hydrochlor-
othiazide Tablets

Quinidine Sulfate Injection Ramipril Capsules Ranitidine Capsules

Rauwolfia Serpentina and Endroflumethia-
zide Tablets

Reserpine and Polythiazide Tablets Rimantadine Hydrochloride Oral Solution

Risperidone Oral Solution
(Received)

Risperidone Orally Disintegrating Tablets Rivastigmine Tartrate Capsules
(Received)

Rivastigmine Tartrate Oral Solution
(Received)

Rocuronium Bromide Injection Ropinirole Hydrochloride Tablets

Rosiglitazone Maleate Tablets Salicylic Acid and Sulfur Cleansing Lotion Salicylic Acid and Sulfur Lotion

Salicylic Acid and Sulfur Shampoo Salicylic Acid Cream Salicylic Acid Ointment

Salmeterol Inhalation Aerosol Salmeterol Xinafoate Inhalation Powder Scopolamine Transdermal System

Selegiline Hydrochloride Capsules Sertraline Hydrochloride Oral Solution Sibutramine Hydrochloride Capsules

Sodium Bicarbonate and Sodium Citrate for
Oral Solution

Sodium Bicarbonate, Sodium Citrate, and
Sodium Tartrate for Oral Suspension

Sodium Iodide Injection

Sodium Phenylbutyrate Oral Powder Sodium Phenylbutyrate Tablets Sodium Phosphates for Oral Suspension

Sodium Phosphates Tablets Sodium Salicylate and Sulfur Shampoo Sterile Talc Aerosol

Streptozocin for Injection Sucralfate Oral Suspension Sulconazole Nitrate Cream

Sulfacetamide Sodium and Fluorometho-
lone Ophthalmic Suspension

Sulfacetamide Sodium and Prednisolone
Sodium Phosphate Ophthalmic Solution

Sulfasalazine Oral Suspension

Sulisobenzone Lotion Sumatriptan Injection Sumatriptan Tablets

Tacrolimus Capsules
(Received)

Tacrolimus Injection Tacrolimus Ointment

Tamsulosin Hydrochloride Capsules
(Received)

Technetium Tc 99m Teboroxime Injection Tenofovir Disoproxil Fumarate Tablets

Terazosin Capsules Terazosin Tablets Terbinafine Hydrochloride Cream

Terbinafine Tablets
(Received)

Terbinafine Topical Solution Terconazole Vaginal Cream

Terconazole Vaginal Suppositories Testosterone Transdermal Gel Testosterone Transdermal System

Tetracycline Hydrochloride Periodontal Fi-
ber

Theophylline Extended-Release Tablets Tioconazole Vaginal Ointment
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Small Molecules (Drug Products)—As of December 20, 2007 (Continued)

Tiopronin Tablets Tolnaftate Topical Aerosol Solution Topiramate Capsules
(Received)

Topiramate Tablets
(Received)

Torsemide Injection Torsemide Tablets
(Received)

Trandolapril and Verapamil Hydrochloride
Extended-Release Tablets

Trandolapril Tablets Tranexamic Acid Injection

Tranylcypromine Sulfate Tablets Tretinoin Capsules Tretinoin Microsphere Gel

Triamcinolone Acetonide Nasal Suspension Trifluridine Ophthalmic Solution Trimetrexate for Injection

Trimipramine Maleate Capsules Triprolidine and Pseudoephedrine Hydro-
chlorides and Codeine Phosphate Syrup

Trolamine Salicylate Cream

Trolamine Salicylate Gel Trolamine Salicylate Topical Emulsion Undecylenic Acid Topical Foam Aerosol

Urea Cream Vecuronium Bromide for Injection Venlafaxine Extended-Release Capsules
(Received)

Venlafaxine Tablets Verapamil Hydrochloride Capsules Verapamil Hydrochloride Extended-Release
Capsules

Voriconazole Injection Voriconazole Oral Suspension Voriconazole Tablets

Yttrium Y-90 Chloride Solution Yttrium Y-90 Glass Microspheres Yttrium Y-90 Microspheres Injection

Zaleplon Capsules Zidovudine and Lamivudine Tablets
(Received)

Zinc Acetate Capsules

Zinc Tridosium Pentetate Injection Ziprasidone Hydrochloride Capsules Zoledronic Acid for Injection

Zonisamide Capsules

Excipients—As of December 20, 2007

Acetone Sodium Bisulfite Acetylated Monoglycerides Aconitic Acid (Achilleic Acid)

Acrylic Acid–Octyl Acrylate Copolymer Albumin Colloidal Aliphatic Polyesters

Allantoin-Sodium Pyrrolidone Carboxylate Aluminum Ammonium Sulfate Aluminum Lactate

Aluminum Oxide Aluminum Potassium Sulfate Aluminum Silicate

Aluminum Sodium Sulfate Aluminum Stearate Ammonium Bicarbonate

Ammonium Calcium Alginate Ammonium Phosphate Butylalcohol Monostearate

Beeswax, Synthetic Benzododecinium Bromide Benzyl Chloride

Benzyl Nicotinate Beta Naphthol Brominated Vegetable Oil

Butadiene-Styrene Rubber Butylated Hydromethylphenol Butylene Glycol

Butylphthalyl Butylglycolate Calcium Acid Pyrophosphate Calcium Alginate

Calcium Alginate and Ammonium Alginate Calcium Bromide Calcium Chloride Solution

Calcium Phosphate Monobasic Calcium Propionate Calcium Pyrophosphate

Calcium Sorbate Calcium Stearoyl Lactylate Caldiamide Sodium

Calteridol Calcium Capric Acid Caprylic/Capric Diglyceryl Succinate

Carbon Carboxymethyl Starch Carboxymethylamylopectin Sodium

Carboxymethylcellulose Potassium Cetostearyl Isononanoate Chlorodifluoroethane

Cholic Acid Cinnamaldehyde Cocamide Diethanolamine

Cocamide Oxide Cocoyl Caprylocaprate Crystal Gum

Cutina Cystine Dammar Gum

Decanoic Acid Decyl Oleate Desoxycholic Acid

Dextrin Palmitate Dextrins Modified Diacetyl Tartaric Acid Esters of Mono- and
Diglycerides

Dicetyl Phosphate Dichlorofluoromethane Diethyl Sebacate

Difluoroethane Diglycol Stearate Diisobutyl Adipate

Diisopropyl Adipate Diisopropylbenzothiazyl-2-sulfenamide Dilauryl Thiodipropionate

Dimethyl Dicarbonate Dimyristoyl Lecithin Dimyristoyl Phosphatidylglycerol

Dipropylene Glycol Disodium Edisylate Disodium Guanylate

Disodium Inosinate Disodium Monooleamide Sulfasuccinate D-Mannose

Docusate Sodium/Sodium Benzoate Erythorbic Acid
(Received)

Erythrosine

Ethoxylated Mono- and Diglycerides Ethoxyquin Ethyl Hexanediol

Ethyl Linoleate Ethyl Maltol Ethylene Dichloride

Ethylurea Ferric Ammonium Citrate Ferric Citrate

Ferric Oxide, Brown Ferric Phosphate Ferric Pyrophosphate

Ferrous Citrate Ferrous Glycinate Ferrous Lactate

Fluorochlorohydrocarbons Formic Acid Furcelleran
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Excipients—As of December 20, 2007 (Continued)

Gentistic Acid Geraniol Glutamic Acid Hydrochloride

Gluten Glycerol Ester of Gum Rosin (Ester Gum) Glyceryl Laurate

Glyceryl Palmitate Glyceryl Ricinoleate Glyceryl Tristearate

Glycine Hydrochloride Glycofurol Glycol Stearate

Heptafluoropropane Heptylparaben Hexadecyl Isostearate

Hexane Hexanetriol(-1,2,6-) Hydrocarbon Gel

Hydroxyethylmethylcellulose Hydroxylated Lecithin Indigotine

Iron Carbonyl Iron Subcarbonate Isobutylated Isoprene Copolymer

Isooctylacrylate Isopropyl Isostearate Isopropyl Stearate

Isostearic Acid Isostearyl Alcohol Lactobionic Acid

Lactose Ferrin, Bovine Lactylated Fatty Acid Esters of Glycerol and
Propylene Glycol

Lactylic Esters of Fatty Acids

Lanolin (Wool Fat), Hydrogenated Lanolin Alcohols, Acetylated Lanolin, Hydrous

L-Ascorbyl Stearate Lauramine Oxide Lauric Myristic Diethanolamide

Lauric Acid Lauric Diethanolamide Lavender Oil

L-Cysteine Monohydrochloride Lecithin, Hydroxylated L-Glutamic Acid

Linoleic Acid
(Received)

L-Leucine Macrogol Sorbitan Tristearate

Macrogolglycerol Cocoates Macrogolglycerol Triisostearate Magnesium Aluminum Silicate Hydrate

Magnesium Aspartame Dihydrate Magnesium Aspartate Magnesium Phosphate Tribasic

Magnesium Phosphate, Diabasic, Trihy-
drate

Magnesium Tartrate Malt Syrup

Maltitol Syrup Maltol Isobutyrate Manganese Chloride

Manganese Citrate Manganese Glycerophosphate Manganese Hypophosphite

Medical Antifoam Emulsion C Medronate Disodium Medronic Acid

Methyl Chloride Methylchloroisothiazolinone Methylisothiazolinone

Microcrystalline Cellulose, Silicified
(Received)

Mineral Spirits Monoisostearyl Glyceryl Ester

Monopotassium Glutamate Monohydrate Monosodium Citrate Mullein Leaf

Myristyl Gamma-Picolinium Chloride Myristyl Lactate N,N-Bis(2-hydroxyethyl)stearamide

N-Acetyl-L-Methionine Naphtha N-Methylpyrrolidone
(Received)

Non-Pareil Seeds Nutmeg Oil Octanoic Acid

Oxystearin Palm Kernel Oil
(Received)

Pentasodium Triphosphate

Pentetate Calcium Trisodium Pentetate Pentasodium Phenprobamate

Phenylmercuric Acetate Phenylmercuric Nitrate Pine Oil

Polacrilin Polyglycerol Esters of Fatty Acids Polyglycerol Polyricinoleic Acid

Polyoxyethylene Castor Oil (USP has 35) Polyoxyl Stearate (USP has 40) Polypropylene Oleate

Polypropylene Stearyl Ether Polysorbate 65 Polyvinylacetal Diethylanoacetate

Polyvinylpolypyrrolidone Polyvinylpyrrolidone Ethylcellulose Potassium Acid Tartrate

Potassium Bromate Potassium Carbonate Solution Potassium Dichloroisocyanurate

Potassium Gibberellate Potassium Glycerophospate Potassium Iodate

Potassium Nitrite Potassium Phosphate Potassium Phosphate, Tribasic

Potassium Polymetaphosphate Potassium Pyrophosphate Potassium Stearate

Potassium Sulfate Potassium Sulfite Potassium Tripolyphosphate

Propyl Propionate Propylene Glycol Diacetate Propylene Glycol Mono- and Diesters

Rice Bran Wax Rosin Silicone

Sodium Acid Pyrophosphate Sodium Aluminosilicate
(Received)

Sodium Aluminum Phosphate Acidic

Sodium Aluminum Phosphate, Basic Sodium Aspartate Sodium Bisulfate

Sodium Bisulfite Sodium Carbonate Hydrate Sodium Carboxymethyl Betaglucan

Sodium Caseinate Sodium Chlorate Sodium Citrate, Dibasic

Sodium Citrate, Monobasic Sodium Dehydroacetate Sodium Diacetate

Sodium Erythorbate Sodium Ferric Pyrophosphate Sodium Ferrocyanide

Sodium Hypophosphite Sodium Laureth Sulfate Sodium Lauroyl Sarcosinate

Sodium Lauryl Sulfoacetate Sodium Magnesium Aluminosilicate Sodium Magnesium Silicate

Sodium Malate Sodium Metaphosphate, Insoluble Sodium Metasilicate

Sodium Methylate Sodium Polyphosphates Glassy Sodium Potassium Tripolyphosphate
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Excipients—As of December 20, 2007 (Continued)

Sodium Pyrophosphate Sodium Pyrrolidone Carboxylate Sodium Sesquicarbonate

Sodium Sesquinoleate Sodium Stearoyl Lactylate Sodium Thiomalate

Sodium Trimetaphosphate Sodium Trioleate Sodium Tripolyphosphate

Soy Polysaccharides Stannous Tartrate Starch, Pregelatinized Corn

Starch, Pregelatinized Tapioca Stearalkonium Chloride Stearyl Citrate

Stearyl Monoglyceridyl Citrate Succinylated Monoglycerides Sucrose Acetate Isobutyrate

Sucrose Fatty Acid Esters Sucrose Stearate Sugar Fruit Fine

Sulfobutyl Ether Beta Cyclodextran Tallow Tallow Glycerides

Tallow Oil Tetrafluoroethane Thioglycerol

Thyme Oil Tribehenin Triceteareth-4 Phosphate

Trichloroethylene Trimyristin Trisodium Citrate

Trolamine Lauryl Sulfate Vegetable Oil Wheat Flour

Wheat Germ Oil Wheat Gluten
(Received)

Whey
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
�  The list of new USP Reference Standards that have become available
�  The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Standards
�  New adopted (official) revisions to the USP–NF that become effective before the effective date of the next Supplement or that

were not ready for adoption by the closing date for the upcoming Supplement. (The effective date for these revisions is stated on the

next page.)

Readers should review this section to determine if they are affected by any of the changes.

Symbols—Interim revisions are shown with new text (if any) enclosed in circles, .new text.. Text enclosed in squares,
&new text&,

has already been adopted in a Supplement. Where the symbols appear together with no enclosed text, such as . . or
&
&, it means that

text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is accompanied by a number

that indicates the IRA or Supplement in which the revision first appeared. For example, .2 indicates that the revision was officially

adopted in the Second Interim Revision Announcement, and &2S (USP29) indicates that the revision was officially adopted in the Second

Supplement to USP 29.

Errata—At the end of the Interim Revision Announcement section is a list of errata and corrections to USP 30–NF 25. The page

number indicates where the item is found in USP–NF. If necessary, this list will be updated with every issue of PF. This information

will also be cumulative in future Supplements, and will appear in its corrected form in the next annual edition of USP–NF. Errata are

considered to be items erroneously published that have not received the approval of the Council of Experts and that do not reflect the

official requirement.
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MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
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New USP Reference Standards

The following USP Reference Standards, which were not

available when the associated monograph was made official,

have since become available. The respective official date of

each USP 30 or NF 25 standard, test, or assay requiring the

use of the following USP Reference Standards is indicated

in parentheses after the name of the Reference Standard.

USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute Reference Photomicrographs RS (March 1, 2008)

USP Ginkgo Terpene Lactones RS (March 1, 2008)
USP Glyceryl Monolinoleate RS (January 1, 2008)
USP Glyceryl Monooleate RS (March 1, 2008)
USP Diluted Isosorbide Mononitrate RS (May 1, 2008)
USP Isosorbide Mononitrate Related Compound A RS (March 1,

2008)
USP Near IR System Suitability RS (May 1, 2008)
USP D9-Tetrahydrocannabinol RS (May 1, 2008)
USP Human Fibroblast-Derived Temporary Skin Substitute

Reference Photomicrographs RS (March 1, 2008)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 30 or NF 25 standards, tests,

or assays requiring the use of the following new USP Refer-

ence Standards are postponed until further notice pending

availability of the respective Reference Standards. This listing

was updated as of October 20, 2007.

USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP Eucatropine Hydrochloride RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Alpha Lipoic Acid RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Mibolerone RS
USP Narasin RS
USP Pyrethrum Extract RS
USP Powdered St John’s Wort Extract RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin RS
USP Valrubicin Related Compound A RS
USP Vasopressin RS
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MONOGRAPHS (USP)

Irbesartan and Hydrochlorothiazide
Tablets

Change to read:

Dissolution h711i—
Medium: .0.1N.2 hydrochloric acid; .1000.2 mL.
Apparatus 2: 50 rpm.
Time: .30.2 minutes.
Determine the amounts of irbesartan (C25H28N6O) and hydrochlo-

rothiazide (C7H8ClN3O4S2) dissolved by employing the following
method.
Mobile phase and Chromatographic system—Prepare as directed

in the Assay.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and filtered portions of the solutions under test into
the chromatograph, record the chromatograms, and measure the
areas for the major peaks. Calculate the quantities of irbesartan
(C25H28N6O) and hydrochlorothiazide (C7H8ClN3O4S2) dissolved in
comparison with a Standard solution having known concentrations
of USP Irbesartan RS and USP Hydrochlorothiazide RS in the same
Medium and similarly chromatographed.
Tolerances—Not less than .80%.2 (Q) of the labeled amounts of

C25H28N6O and C7H8ClN3O4S2 are dissolved in .30.2 minutes.

Oxandrolone Tablets

Change to read:

Dissolution h711i—
TEST 1—
Medium: a solution of water and isopropanol (7 : 3); 500 mL.
Apparatus 2: 100 rpm.
Time: 60 minutes.
Determine the amount of C19H30O3 dissolved by employing the

following method.
Internal standard solution—Dissolve accurately weighed quan-

tities of 17a-methyltestosterone, and dilute quantitatively, and
stepwise if necessary, with acetonitrile to obtain a solution having
a concentration of about 0.2 mg per mL (for Tablets with a 2.5-mg
label claim) and about 0.8 mg per mL (for Tablets with a 10-mg label
claim).
Standard solution—Dissolve an accurately weighed quantity of

USP Oxandrolone RS, and dilute quantitatively, and stepwise if
necessary, with acetonitrile to obtain a solution having a concentra-
tion of about 1 mg per mL.
Working standard solution—&For Tablets labeled to contain 2.5

mg: combine 100 mL of the Standard solution, 400 mL of the
Internal standard solution, and 1500 mL of acetonitrile. For Tablets
labeled to contain 10 mg: combine 100 mL of the Standard solution,
100 mL of the Internal standard solution, and 1800 mL of
acetonitrile.&2S (USP30)

Test solution—Withdraw 25 mL of the solution under test from the
vessel. Pass through a 0.45-mm polytef filter. Transfer 20 mL of the
filtrate to a separatory funnel, add 400 mL of the Internal standard
solution, 40 mL of a 10% potassium chloride solution, and 8 mL of
chloroform. In separate separatory funnels, prepare an extraction
blank and an internal standard blank in a similar manner using 20
mL of filtered Medium in place of the solution under test and
excluding the Internal standard solution from the extraction blank.
Shake each funnel, and allow the layers to separate. Collect the
lower chloroform layer. Repeat the extraction procedure one more
time. Evaporate the solvents under a stream of nitrogen at 458 until
just dry. Reconstitute the dried residue with 2 mL of acetonitrile (for
Tablets with a 2.5-mg label claim) or with 8 mL of acetonitrile (for
Tablets with a 10-mg label claim), and sonicate for 10 minutes.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and
a 0.53-mm 6 30-m column coated with a 0.5-mm phase G27. The
carrier gas is helium, flowing at a rate of about 16.8 mL per minute.
The injection port and detector temperatures are maintained at 1908
and 3208, respectively. The chromatograph is programmed as
follows. Upon injection, the column temperature is increased at
a rate of 258 per minute to 2808, and maintained at 2808 for
3 minutes. Then the column temperature is increased at a rate of 108
per minute to 3208, and maintained at 3208 for 3 minutes.
Chromatograph the acetonitrile, the extraction blank, and the internal
standard blank, and record the peak responses as directed for
Procedure: the tailing factor is not more than 1.5. Make two
injections of the Working standard solution, and record the peak
responses. The average oxandrolone/Internal standard solution peak
area percent comparison is between 98.0% and 102.0%. The
resolution, R, between the oxandrolone peak and the nearest eluting
peak is equal to or greater than 1.5.
Procedure—Separately inject equal volumes (0.5 mL) of the

Working standard solution and the Test solution into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the percentage of C19H30O3 released by the
formula:

in which CS is the concentration, in mg per mL, of oxandrolone in
the Standard solution; sample ratio is the area ratio of oxandrolone
to 17a-methyltestosterone in the sample injection for each Test
solution; VUF is the final volume, in mL, of the sample after
reconstitution of the dry residue; 500 is the volume, in mL, of
Medium; 100 is the conversion factor to percentage; standard ratio is
the mean area ratio of oxandrolone to 17a-methyltestosterone in all
injections of the Standard solution; VUI is the initial sample volume,
in mL, used in the extraction; and LC is the tablet label claim, in mg.
Tolerances—Not less than 75% (Q) of the labeled amount of

oxandrolone (C19H30O3) is dissolved in 60 minutes.
TEST 2—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 2.
Medium: 1% polysorbate 80 in water; 500 mL, deaerated.
Apparatus 2: 100 rpm.
Time: 120 minutes.
Determine the amount of C19H30O3 dissolved by employing the

following method.
Mobile phase—Prepare a filtered and degassed mixture of water

and acetonitrile (55 : 45). Make adjustments if necessary (see System
Suitability under Chromatography h621i).
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Standard stock solution—Transfer about 20 mg of USP Oxan-
drolone RS, accurately weighed, to a 200-mL volumetric flask. Add
about 20 mL of acetonitrile, and sonicate to dissolve. Dilute with
Medium to volume, and mix.
Working standard solution—Quantitatively dilute the Standard

stock solution with Medium to obtain a solution having a final
concentration of about 5 mg per mL for Tablets with a label claim of
2.5 mg, or a final concentration of about 20 mg per mL for Tablets
with a label claim of 10 mg.
Test solution—Withdraw about 10 mL of the solution under test

from the vessel. Centrifuge in a glass tube at 2000 rpm for 10
minutes.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a &refractive&2S (USP30)
index detector and a 4.6-mm 6 25-cm column that contains 5-mm
packing L1. &The column temperature is maintained at 308, and the
detector is maintained at 508.&2S (USP30) The flow rate is about 1.5 mL
per minute. Chromatograph the Working standard solution, and
record the peak responses as directed for Procedure: the column
efficiency is not less than 4000 theoretical plates; the tailing factor is
not more than 2.0; and the relative standard deviation for replicate
injections is not more than 5.0%.
Procedure—Separately inject equal volumes (about 100 mL) of the

Working standard solution and the Test solution into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the percentage of C19H30O3 released by the
formula:

in which rU and rS are the peak responses obtained from the Test
solution and Working standard solution, respectively; CS is the
concentration, in mg per mL, of the Working standard solution; D is
the dilution factor of the Test solution; 500 is the volume, in mL, of
Medium; 100 is the conversion factor to percentage; and LC is the
tablet label claim, in mg.
Tolerances—Not less than 65% (Q) of the labeled amount of

C19H30O3 is dissolved in 120 minutes.
.TEST 3—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 3.
Medium: 0.1N hydrochloric acid containing 0.75% of sodium

lauryl sulfate; 500 mL .for Tablets labeled to contain 2.5 mg, 900
mL for Tablets labeled to contain 10 mg,.2 deaerated with helium.
Apparatus 2: 75 rpm.
Time: 90 minutes.
Determine the amount of C19H30O3 released by employing the

following method.
Mobile phase—Prepare a filtered and degassed mixture of water

and acetonitrile (65 : 35). Make adjustments if necessary (see System
Suitability under Chromatography h621i).
Standard stock solution—Transfer about 20 mg, accurately

weighed, of USP Oxandrolone RS to a 100-mL volumetric flask.
Dissolve in approximately 5 mL of acetonitrile, and sonicate for 10
minutes. Dilute with Medium to volume, and mix.
Working standard solution—Transfer 8.0 mL of the Standard

stock solution to a 200-mL volumetric flask, dilute with Medium to
volume, and mix.
Test solution—Pass the solution under test through a suitable filter

having a porosity of 0.45 mm.
Chromatographic system—The liquid chromatograph is equipped

with a refractive index detector and a 4.6-mm 6 30-cm column that
contains 5-mm packing L1. The flow rate is about 1.0 mL per minute.
The temperatures of the detector and the column are both maintained
at 358. Chromatograph the Working standard solution, and record
the peak responses as directed for Procedure: the tailing factor is not
more than 2.0; and the relative standard deviation for replicate
injections is not more than 5.0%.

Procedure—Separately inject equal volumes (about 200 mL) of the
Working standard solution and the Test solution into the chromat-
ograph, record the chromatograms, and measure the peak responses.
Calculate the percentage of C19H30O3 dissolved by the formula:

in which rU and rS are the peak responses for the Test solution and the
Working standard solution, respectively; CS is the concentration, in
mg per mL, of oxandrolone in the Working standard solution; 500 is
the volume, in mL, of Medium; 100 is the conversion factor to
percentage; and LC is the Tablet label claim, in mg.
Tolerances—Not less than 75% (Q) of the labeled amount of

C19H30O3 is dissolved in 90 minutes..4

DIETARY SUPPLEMENTS—
MONOGRAPHS

Black Cohosh

Change to read:

Labeling—The label states the Latin binomial and, following the
official name, the parts of the plant contained in the article. .Dosage
forms prepared with this article should bear the following statement:
Discontinue use and consult a healthcare practitioner if you have
a liver disorder or develop symptoms of liver trouble, such as
abdominal pain, dark urine, or jaundice..2

Black Cohosh Fluidextract

Change to read:

Labeling—It meets the requirements for Labeling under Botanical
Extracts h565i. Label it to indicate the content, in percentage, of
triterpene glycosides, calculated as 23-epi-26-deoxyactein. .Dosage
forms prepared with this article should bear the following statement:
Discontinue use and consult a healthcare practitioner if you have
a liver disorder or develop symptoms of liver trouble, such as
abdominal pain, dark urine, or jaundice. .2
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Powdered Black Cohosh

Change to read:

Labeling—The label states the Latin binomial and, following the
official name, the parts of the plant from which the article was
derived. .Dosage forms prepared with this article should bear the
following statement: Discontinue use and consult a healthcare
practitioner if you have a liver disorder or develop symptoms of liver
trouble, such as abdominal pain, dark urine, or jaundice..2

Powdered Black Cohosh Extract

Change to read:

Labeling—It meets the requirements for Labeling under Botanical
Extracts h565i. Label it to indicate the content of triterpene
glycosides, in percentage, calculated as 23-epi-26-deoxyactein.
.Dosage forms prepared with this article should bear the following

statement: Discontinue use and consult a healthcare practitioner if
you have a liver disorder or develop symptoms of liver trouble, such
as abdominal pain, dark urine, or jaundice..2

Black Cohosh Tablets

Change to read:

Labeling—The label states the Latin binomial and, following the
official name, the article from which the Tablets were prepared. The
label also indicates the amount, in mg per Tablet, of Powdered
Extract or Fluidextract; the solvents used to prepare the Powdered
Extract or Fluidextract; and the ratio of starting crude plant material
to Powdered Extract or Fluidextract. Label it to indicate the content,
in percentage, of triterpene glycosides as 23-epi-26-deoxyactein in
the Powdered Extract or Fluidextract used to prepare the Tablets.
.The label bears the following statement: Discontinue use and
consult a healthcare practitioner if you have a liver disorder or
develop symptoms of liver trouble, such as abdominal pain, dark
urine, or jaundice. .2
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or pending
official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be available as a cu-
mulative table in future Supplements and will appear in its corrected form in a future annual edition ofUSP–NF. Errata are considered to be items
erroneously published that have not received the approval of the Council of Experts and that do not reflect the official requirement. USP staff is
available to respond to questions regarding the accuracy of a particular requirement by calling 1-800-822-USPC.

USP31–NF26
Page Title Section Description

171 h467i Residual Solvents Options for Describing Limits
of Class 2 Residual Solvents

Line 4 under Option 1: Change formula from ‘‘Con-
centration (ppm) = (1000 mg/mL 6 PDE)/dose’’ to:
Concentration (ppm) = (1000 mg/mg 6 PDE)/dose

311 h788i Particulate Matter in In-
jections

Method 1 Light Obscuration
Particle Count Test

Line 6 under Evaluation: Change ‘‘apply the criteria of
Test 1.A. [NOTE—Test 1.B is used in the Japanese Phar-
macopoeia.]’’ to: apply the criteria of Test 1.B. [NOTE—
Test 1.A is used in the Japanese Pharmacopoeia.]

Method 2, Microscopic Parti-
cle Count Test

Line 6 under Evaluation: Change ‘‘apply the criteria of
Test 2.A. [NOTE—Test 2.B is used in the Japanese Phar-
macopoeia.]’’ to: apply the criteria of Test 2.B. [NOTE—
Test 2.A is used in the Japanese Pharmacopoeia.]

1074 Ammonium Sulfate Limit of nitrate Line 2 under Control solution: Change ‘‘add 1.0 g of
ammonium nitrate,’’ to: add 1.0 g of ammonium phos-
phate,

1523 Betamethasone Sodium Phos-
phate and Betamethasone Ace-
tate Injectable Suspension

Identification Change entire section to read:
A: Thin-Layer Chromatographic Identification Test
h201i—
Test solution—Dilute 2 mL with 2 mL of methanol.
Standard solution—Prepare a solution of USP Beta-
methasone Sodium Phosphate RS in a mixture of
methanol and water (1:1) having a concentration of 2
mg per mL.
Developing solvent system, Spray reagent, and Proce-
dure—Proceed as directed for Identification test B un-
der Betamethasone sodium phosphate.
B: Thin-Layer Chromatographic Identification Test
h201i—
Test solution—Use the Test solution prepared for Iden-
tification test A.
Standard solution—Prepare a solution of USP Beta-
methasone Acetate RS in a mixture of methanol and
water (1:1) having a concentration of 1.5 mg per mL.
Developing solvent system and Procedure—Proceed as
directed for Identification test B under Betamethasone.

1595 Calcitonin salmon Bioidentity Line 1 under 2% BSA solution: Change ‘‘Dissolve 50
mg of albumin bovine serum’’ to: Dissolve 500 mg of
albumin bovine serum

1941 Diclofenac Potassium Related compounds Line 5 under Standard solution: Change ‘‘a known
concentration of about 1.5 mL per mL.’’ to: a known
concentration of about 1.5 mg per mL.

2226 Fluvoxamine Maleate Tablets Assay Line 1 under Assay preparation: Change ‘‘Transfer 5.0
mL of the supernatant from the Assay stock prepara-
tion to a 100-mL volumetric flask.’’ to: Transfer 5.0
mL of the supernatant from the Assay stock prepara-
tion to a 100-mL volumetric flask, and dilute withMo-
bile phase to volume.

2416 Iobenguane I 131 Injection Radiochemical purity Line 4 under Chromatographic system: Change ‘‘3.9-
mm 6 3-cm column’’ to: 3.9-mm 6 30-cm column

2695 Metoprolol Succinate Related compounds In Test 2, line 5 under Chromatographic system:
Change ‘‘related compound B is not less than 1.5;’’
to: related compound B is not less than 2.5;
Line 7: Change ‘‘related compound C is not less than
2.5;’’ to: related compound C is not less than 1.5;

3110 Propoxyphene Napsylate Tab-
lets

Identification Line 4: Change ‘‘Add 10 mL of pH 12.5 borate buffer
(prepared as directed in the Assay under Propoxyphene
Napsylate),’’ to: Add 10 mL of pH 12.5 borate buffer
[NOTE—Dissolve 6.18 g of boric acid and 7.5 g of po-
tassium chloride in water to make 500 mL. Dissolve
17.5 g of sodium hydroxide in water to make 500
mL. Mix the two solutions, dilute with water to 2000
mL, and mix.],
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IN-PROCESS REVISION
This section contains proposals for adoption as officialUSP or NF standards (either proposed new standards or proposed revisions of

current USP or NF standards). These may be any of the following: (1) items that previously appeared under Pharmacopeial Pre-

views and are now formally proposed as revisions, (2) proposed revisions placed directly under In-Process Revision, or (3) mod-

ifications of revisions previously proposed under In-Process Revision. Readers should review material in this section and provide

comments to the staff liaison (use the Staff Directory to find the contact information). Information on how to comment is found in the

Policies and Announcements section. It is important to send comments promptly so that the Committee members can consider read-

ers’ input as they are deciding whether to advance standards to official status.

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the
revision. Other relevant information. (For example, if a chromatographic method is being proposed, column spe-
cifications and retention times for compounds of interest.) Finally, the Committee designation (see How to Use
PF), the name of the scientific staff liaison who handled the particular issue, and the USP tracking correspondence
number, as shown in the example below:

(DSN: L. Evans) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. New text (if any) follows,

and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type (print edition only), as

shown in the examples below:

.new text.

if slated for an Interim Revision Announcement to USP 30–NF 25 (IRA);

~

new text
~USP31

if slated for USP 31–NF 26; and

&new text&

if slated for a Supplement to USP–NF. The same symbols not set off by an extra paragraph break and enclosing text with no increase

in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed text, such as . . or
&

& or
~

~
, it means that text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is

accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as the publication where the

revision will appear if approved. For example, .2 indicates that the revision is proposed for the Interim Revision Announcement that

will appear in issue 2 of a given PF volume, &2S (USP 30) indicates that the proposed revision is slated for the Second Supplement to

USP 30, and
~USP31 and ~NF26 indicate that the revisions are proposed for USP 31 and NF 26, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title stated after

that specification will be substituted for the former title in the appropriate places throughout that monograph once this revision

becomes official.
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MONOGRAPHS (USP)

BRIEFING

Albuterol Sulfate, USP 30 page 1310 and page 4062 of the
Second Supplement. A new Reference Standard is proposed to be
added to the USP Reference standards section of the monograph.
USP Albuterol Related Compound A RS will replace 4-[2-[(1,1-
dimethylethyl)amino]-1-hydroxyethyl]-2-methylphenol sulfate,
which is mentioned in the Chromatographic system in the Assay.
The Assay section is also proposed to be revised to add a Resolution
solution and to specify the use of USP Albuterol Related Compound
A RS.

(AER: K. Zaidi) RTS—C60748

Change to read:

USP Reference standards h11i—
&USP Albuterol Related Compound A RS.&1S (USP32)
USP Albuterol Sulfate RS.

Change to read:

Assay—
&0.05+ 0.01M Ammonium acetate solution—Dissolve 3.85 g of

ammonium acetate in 1000 mL of water, and mix.
Mobile phase—Prepare a degassed mixture of water,

0.05+ 0.01M Ammonium acetate solution, and isopropanol [65:
30: (5+ 1)], and adjust dropwise with acetic acid to a pH of
4.5+ 0.3.

&Resolution solution—Dissolve accurately weighed quan-

tities of USPAlbuterol Sulfate RS and USPAlbuterol Related

Compound A RS in water, and dilute quantitatively, and

stepwise if necessary, with Mobile phase to obtain a solution

having a known concentration of about 0.140 mg per mL and

0.030 mg per mL, respectively.&1S (USP32)
Standard preparation—Dissolve an accurately weighed quantity

of USP Albuterol Sulfate RS in water, and dilute quantitatively with
water to obtain a solution having a known concentration of about 0.6
mg per mL.
Assay preparation—Transfer about 60 mg of Albuterol Sulfate,

accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with water to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 276-nm detector and
a 4.6-mm 6 20-cm column that contains packing L10. The flow rate
is about 2.0 mL per minute. Chromatograph the Standard
preparation, and record the peak responses as directed for
Procedure: the resolution, R, between albuterol and 4-[2-[(1,1-
dimethylethyl)amino]-1-hydroxyethyl]-2-methylphenol sulfate

&albuterol related compound A&1S (USP32)
is not less than 1.5; and the relative standard deviation for replicate
injections is not more than 1.5%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for

the major peaks. Calculate the quanti ty, in mg, of
(C13H21NO3)2 �H2SO4 in the portion of Albuterol Sulfate taken by
the formula:

100C(rU / rS)

in which C is the concentration, in mg per mL, of USP Albuterol
Sulfate RS in the Standard preparation; and rU and rS are the peak
responses obtained from the Assay preparation and the Standard
preparation, respectively.&2S (USP30)

BRIEFING

Aluminum Acetate Topical Solution, USP 30 page 1342;
Aluminum Subacetate Topical Solution, USP 30 page 1352. An
alternative method has been proposed to replace the current odor test
for the identification of acetate in this issue of PF; see the General
Chapters/General Tests and Assays section under h191i Identifica-
tion Tests—General. The method proposed is not suitable for
substances containing aluminum because of the possibility of
interference. Therefore, it is proposed to perform only the current
ferric chloride analysis for these substances. The acceptance criteria
will be limited to ‘‘deep red’’, rather than ‘‘red’’ as described in the
General Chapter, to minimize the potential for a false-positive result.

(MD–AA: B. Davani; M. Puderbaugh) RTS—C59223

Change to read:

Identification—It responds to the tests for Aluminum h191i and for

&the ferric chloride test for&1S (USP32)
Acetate h191i
&with a deep red color upon the addition of ferric chloride TS.

This color is destroyed by the addition of a mineral

acid.&1S (USP32)

BRIEFING

Aluminum Subacetate Topical Solution, USP 30 page 1352—
See the briefing under Aluminum Acetate Topical Solution.

(MD–OOD: F. Mao; M. Puderbaugh) RTS—C59228

Change to read:

Identification—It responds to the tests for Aluminum h191i and for

&the ferric chloride test for&1S (USP32)
Acetate h191i
&with a deep red color upon the addition of ferric chloride TS.

This color is destroyed by the addition of a mineral

acid.&1S (USP32)
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BRIEFING

Amodiaquine Hydrochloride, USP 30 page 1400. On the basis
of validation data, it is proposed to replace the tedious extraction and
nonspecific spectrophotometric analysis in the Assay with a more
accurate and specific HPLC method. The typical retention time for
amodiaquine hydrochloride is 8.9 minutes. The TLC procedure in
the test for Chromatographic purity was also revised to the HPLC
method. Furthermore, an additional Identification test based on
retention time requirement was added. The analysis is performed
with a Phenomenex Luna brand of 5-mm, L1 column.

(MD-AA: B. Davani; L. Santos) RTS—C57702

Change to read:

USP Reference standards h11i—USPAmodiaquine Hydrochloride
RS.

&USP Chloroquine Phosphate RS.&1S (USP32)

Change to read:

Identification—
A: Infrared Absorption h197Ki—Prepare the test specimen as

follows. Dissolve 20 mg in 10 mL of water in a separator, add 1 mL
of ammonium hydroxide, and extract by shaking with 25 mL of
chloroform. Draw off and evaporate the chloroform extract, and dry
the residue at 1058 for 2 hours.
B: Ultraviolet Absorption h197Ui—
Solution: 10 mg per mL.
Medium: dilute hydrochloric acid (1 in 100).
C: A solution of it meets the requirements of the tests for

Chloride h191i.
&D: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&1S (USP32)

Change to read:

Chromatographic purity—
Standard solutions—To 20 mg of USP Amodiaquine Hydrochlo-

ride RS in a glass-stoppered test tube add 1.0 mL of chloroform
(saturated with ammonium hydroxide), and shake vigorously for
2 minutes. Allow the solids to settle, and decant the liquid into
a second test tube (Standard solution A). Prepare a second solution
by diluting 1.0 volume of Standard solution A with sufficient
chloroform (saturated with ammonium hydroxide) to obtain 200
volumes of solution (Standard solution B).
Test solution—To 200 mg of Amodiaquine Hydrochloride in

a glass-stoppered test tube add 10 mL of chloroform (saturated with
ammonium hydroxide), and shake vigorously for 2 minutes. Allow
the solids to settle, and decant the liquid into a second test tube.
Procedure—Apply 10 mL portions of Standard solution A,

Standard solution B, and the Test solution to a suitable thin-layer
chromatographic plate (see Chromatography h621i) coated with
a 0.25-mm layer of chromatographic silica gel mixture. Allow the
spots to dry, and develop the chromatogram in a solvent system
consisting of a mixture of chloroform (saturated with ammonium
hydroxide) and dehydrated alcohol (9 : 1) until the solvent front has
moved about three-fourths of the length of the plate. Remove the
plate from the developing chamber, mark the solvent front, allow the
solvent to evaporate, and examine the plate under short-wavelength

UV light: the chromatograms show principal spots at about the same
RF value, and no secondary spot, if present in the chromatogram
from the Test solution, is more intense than the principal spot
obtained from Standard solution B.

&Buffer, Mobile phase, Standard preparation, System

suitability solution, and Chromatographic system—Prepare

as directed in the Assay.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Procedure—Proceed as directed for Procedure in the Assay.

Calculate the percentage of each impurity in the portion of

Amodiaquine Hydrochloride taken by the formula

100(ri / rs)

in which ri is the response of each impurity peak; and rs is the

sum of the responses of all the peaks: the limit of any

individual impurity peak is not more than 0.5%.&1S (USP32)

Change to read:

Assay—
Transfer about 300 mg of Amodiaquine Hydrochloride, accurately

weighed, to a 200-mL volumetric flask, add dilute hydrochloric acid
(1 in 100) to volume, and mix. Pipet 10.0 mL of the solution into
a 1000-mL volumetric flask, add dilute hydrochloric acid (1 in 100)
to volume, and mix. Concomitantly determine the absorbances of
this solution and a solution of USP Amodiaquine Hydrochloride RS
in the same medium having a known concentration of about 15 mg
per mL, in 1-cm cells at the wavelength of maximum absorbance at
about 342 nm, with a suitable spectrophotometer, using dilute
hydrochloric acid (1 in 100) as the blank. Calculate the quantity, in
mg, of C20H22ClN3O � 2HCl in the portion of Amodiaquine
Hydrochloride taken by the formula:

20C(AU /AS),

in which C is the concentration, in mg per mL, of USP Amodiaquine
Hydrochloride RS in the Standard solution; and AU and AS are the
absorbances of the solution of Amodiaquine Hydrochloride and the
Standard solution, respectively.

&Buffer solution—Accurately weigh about 13.6 g of

monobasic potassium phosphate and dissolve in 2 L of

water. Add 2.0 mL perchloric acid, mix, and adjust with

phosphoric acid to a pH to 2.5+ 0.5 . Pass the solution

through a 0.45-mm membrane filter.

Mobile phase—Prepare a mixture of Buffer solution and

methanol (78 : 22). Make adjustments if necessary (see

System Suitability under Chromatography h621i).
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Standard preparation—Transfer an accurately weighed

quantity of USPAmodiaquine Hydrochloride RS to a suitable

volumetric flask, dissolve in and dilute with water to volume

to obtain a solution having concentration of about 0.15 mg

per mL of amodiaquine hydrochloride.

Assay preparation—Transfer an accurately weighed quan-

tity of Amodiaquine Hydrochloride to a suitable volumetric

flask, dissolve in and dilute with water to volume to obtain

a solution having a concentration of about 0.15 mg per mL of

amodiaquine hydrochloride.

System suitability solution—Transfer an accurately weighed

quantity of USP Amodiaquine Hydrochloride RS and USP

Chloroquine Phosphate RS to a suitable volumetric flask, and

dissolve in and dilute with water to volume to obtain

a solution having concentrations of about 0.15 mg per mL of

amodiaquine hydrochloride and 0.15 mg per mL of

chloroquine phosphate.

Chromatography system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 224-nm detector

and 4.6-mm 6 10-cm column that contains 5-mm packing

L1. The flow rate is about 1.2 mL per minute. The column

temperature is maintained at 25+ 58. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure: the relative retention times are 1.0 for

amodiaquine hydrochloride and 0.8 for chloroquine phos-

phate; the resolution, R, between amodiaquine hydrochloride

and chloroquine phosphate is not less than 1.5; for both

compounds, the tailing factor is not more than 1.5; and the

relative standard deviation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percent, of C20H22ClN3O � 2HCl in the portion of Amodia-

quine Hydrochloride taken by the formula:

100(CS /CU)(rU / rS)

in which 100 is the percent conversion factor; CS is the

concentration, in mg per mL, of USP Amodiaquine

Hydrochloride RS in the Standard preparation; CU is the

concentration, in mg per mL, of Amodiaquine Hydrochloride

in the Assay preparation; and rU and rS are the peak responses

obtained from the Assay preparation and Standard prepara-

tion, respectively.&1S (USP32)

BRIEFING

Anastrozole. Because there is no existing USP monograph for
this drug substance, a new monograph based on the validated
methods of analysis is being proposed. The liquid chromatographic
procedures used in the test for Related compounds and in the Assay
are based on analyses performed with a Hichrom RPB, 5-mm brand
of L42 column. The typical retention time reported for anastrozole is
about 6.5 minutes.

(MD-OOD: F. Mao) RTS—C48315

Add the following:

&Anastrozole

C17H19N5 293.37

1,3-Benzenediacetonitrile, a,a,a’,a’-tetramethyl-5-(1H-1,2,4-

triazol-1-ylmethyl)-.

a,a,a’,a’-Tetramethyl-5-(1H-1,2,4-triazol-1-ylmethyl)-m-ben-

zenediacetonitrile [120511-73-1].

» Anastrozole contains not less than 98.0 percent

and not more than 102.0 percent of C17H19N5,

calculated on the anhydrous and solvent-free basis.

Packaging and storage—Preserve in well-closed containers.

Store at room temperature.
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USP Reference standards h11i—USP Anastrozole RS. USP

Anastrozole Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki—

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Water, Method Ic h921i : not more than 0.3%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: not more than 0.001%.

Related compounds—

Solution A and Solution B—Prepare as directed in the

Assay.

Peak identification solution—Transfer accurately weighed

quantities of USP Anastrozole RS and USP Anastrozole

Related Compound A RS to a suitable volumetric flask, add

a quantity of acetonitrile equivalent to about 40% of the

volume of the flask to dissolve, and dilute with Solution A to

volume to obtain a solution having known concentrations of

about 0.5 mg of each per mL. Transfer 1 mL of this solution

to a 50-mL volumetric flask, and dilute with Solution A to

volume.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Anastrozole RS in acetonitrile, and dilute

quantitatively, and stepwise if necessary, with Solution A to

obtain a solution having a known concentration of about 0.02

mg per mL.
Test solution—Transfer about 50 mg of Anastrozole to

a 25-mL volumetric flask, and add about 10 mL of

acetonitrile. Dissolve in and dilute with Solution A to volume.

Blank solution—Transfer 10 mL of acetonitrile to a 25-mL

volumetric flask, and dilute with Solution A to volume.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Peak

identification solution, and record the peak responses as

directed for Procedure: the relative retention times for

anastrozole and anastrozole related compound A are listed

in Table 1. Chromatograph the Standard solution, and record

the peak responses as directed for Procedure: the tailing

factor of the anastrozole peak is between 0.9 and 1.4; and the

relative standard deviation for replicate injections of the

anastrozole peak is not more than 5%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Blank solution, the Standard solution, and the Test

solution into the chromatograph, record the chromatograms,

and measure the peak areas. Adjust the peak areas for any

interference from the Blank solution. Calculate the percentage

of each anastrozole related compound in the portion of

Anastrozole taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of anastrozole

in the Standard solution; CU is the concentration, in mg per

mL, of the Test solution; and rU and rS are the peak areas of

anastrozole related compound obtained from the Test solution

and the Standard solution, respectively. The limits are given

in Table 1. [NOTE—Any impurity of less than 0.05% is

disregarded.]
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Table 1

Name

Relative

Retention

Time

Limit

(%)

Anastrozole related compound B1 0.6 0.2

Anastrozole 1.0 —

Anastrozole related compound C2 2.0 0.2

Anastrozole related compound A3 4.0 —

Anastrozole related compound D4 4.3 0.1

Anastrozole related compound E5 5.4 0.1

Individual unspecified impurity — 0.1

Total unspecified impurities — 0.2

Total impurities — 0.5

1 2-(3-(1-Cyanoethyl)-5-(1H-1,2,4-triazol-1-ylmethyl)phenyl)-2-
methylpropionitrile [C16H17N5, 279.34].
2 2,3-Bis(3-(1-cyano-1-methylethyl)-5-(1H-1,2,4-triazol-1-
ylmethyl)phenyl)-2-methylpropionitrile [C30H31N9, 517.63].
3 The relative retention time of anastrozole related compound A has
been included for system suitability purposes only and is not
intended for quantification.
4 2,2’-(5-(Bromomethyl)-1,3-phenylene)bis(2-methylpropionitrile)
[C15H17BrN2, 305.21].
5 2,2’ -(5-(Dibromomethyl)-1,3-phenylene)bis(2-methylpropioni-
trile) [C15H16Br2N2, 384.11].

Assay—

Solution A—Prepare a mixture of water, methanol,

acetonitrile, and trifluoroacetic acid (600 : 300 : 100 : 0.5).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Solution B—Prepare a mixture of methanol, water,

acetonitrile, and trifluoroacetic acid (450 : 400 : 150 : 0.5).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Transfer a suitable quantity of USP

Anastrozole RS to a suitable volumetric flask, and add

a quantity of acetonitrile equivalent to about 40% of the

volume of the flask. Dissolve in and dilute with Solution A to

volume to obtain a solution having a known concentration of

about 0.5 mg per mL.

Assay preparation—Transfer about 25 mg of Anastrozole

to a 50-mL volumetric flask, and add about 20 mL of

acetonitrile. Dissolve in and dilute with Solution A to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm detector

and a 3.2-mm 6 10-cm column that contains 5-mm packing

L42. The flow rate is about 0.75 mL per minute. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–10 100 0 isocratic

10–40 100?0 0?100 linear gradient

40–41 0?100 100?0 linear gradient

41–56 100 0 equilibration

[NOTE—These gradient elution times are established on an

HPLC system with a dwell time of approximately 0 minutes.

The gradient elution times in the table can be adjusted by

subtracting the dwell time to achieve the separation

described.] Chromatograph the Standard preparation, and

record the peak responses as directed for Procedure: the

tailing factor of the anastrozole peak is between 0.9 and 1.4;

and the relative standard deviation for replicate injections of

the anastrozole peak is not more than 1.5%.

Procedure—Inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, record the chromatograms, and measure the

peak areas. Calculate the percentage of C17H19N5 in the

portion of Anastrozole taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of anastrozole

in the Standard preparation; CU is the concentration of

anastrozole in the Assay preparation; and rU and rS are the

peak areas obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP32)
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BRIEFING

Atovaquone, USP 30 page 1460 and page 637 of PF 33(4) [July–
Aug. 2007]. On the basis of comments and supporting data received
from the sponsor, it is proposed to modify the system suitability
requirements for the resolution and the tailing factor in the Assay.

(MD-AA: B. Davani) RTS—C53817

Change to read:

Heavy metals—
Test preparation—Thoroughly mix 1.0 g of Atovaquone with 0.5 g

of magnesium oxide in a silica crucible. Ignite to dull redness until
a homogeneous white or grayish-white mass is obtained. If the
mixture remains colored after 30 minutes, allow to cool, mix using
a fine glass rod, and repeat the ignition. If necessary, repeat the
operation. Heat the residue at 8008 for about 1 hour. Cool, take up
the residue in two 5-mL portions of 6N hydrochloric acid, add 0.1
mL of phenolphthalein TS, and then add 13.5N ammonium
hydroxide until a pink color is obtained. Cool, add glacial acetic
acid until the solution is decolorized, and add 0.5 mL in excess.
Filter, if necessary, and wash the filter with water. Dilute with water
to 20 mL.
Standard preparation—Add 1.0 mL of Standard Lead Solution

(see Special Reagents under Heavy Metals h231i) to 0.5 g of
magnesium oxide, and dry between 1008 and 1058. Proceed as
directed for Test preparation, starting with ‘‘Ignite to dull redness’’.
Blank preparation—Proceed as directed for Test preparation,

omitting the Atovaquone.
Procedure—Transfer 12.0 mL of the Test preparation to a 50-mL

color-comparison tube, 10.0 mL of the Standard preparation to
another, and 10.0 mL of the Blank preparation and 2.0 mL of the
Test preparation to a third

&to a third. Then add 2.0 mL of the Test preparation to the

Standard preparation as well as to the Blank prepara-

tion.&2S (USP31)
Add 2 mL of pH 3.5 Acetate Buffer (see Heavy Metals h231i) to each
of the three tubes, mix, add 1.2 mL of thioacetamide–glycerin base
TS, and mix. Allow to stand for 2 minutes, and view downward over
a white surface: the solution from the Standard preparation is
slightly brown when compared with the solution from the Blank
preparation, and the color of the solution from the Test preparation
is not darker than that of the solution from the Standard preparation
(10 mg per g).

Change to read:

Assay—
Mobile phase—Prepare a mixture of acetonitrile, water, methanol,

and phosphoric acid (525 : 300 : 175 : 5). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Diluent—Prepare a mixture of acetonitrile and water (80 : 20).
Standard preparation—Dissolve an accurately weighed quantity

of USP Atovaquone RS in Diluent, and dilute quantitatively, and
stepwise if necessary, with Diluent to obtain a solution having
a known concentration of about 0.25 mg per mL.
Resolution solution—Prepare a solution in Diluent containing

about 0.25 mg of USP Atovaquone RS and 0.02 mg of USP
Atovaquone Related Compound A RS per mL. Store in a low-actinic
glass container.
Assay preparation—Transfer about 25 mg of Atovaquone,

accurately weighed, to a low-actinic, 100-mL volumetric flask,
dissolve in and dilute with Diluent to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 220-nm detector and
a 4.6-mm 6 25-cm column that contains packing L1. The flow rate
is about 3 mL per minute. Chromatograph the Resolution solution,

and record the peak areas as directed for Procedure: the relative
retention times are about 0.85 for atovaquone related compound A
and 1.0 for atovaquone; and the resolution, R, between atovaquone
related compound A and atovaquone is not less than 5

&4.&1S (USP32)
Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the column efficiency is not less
than 9000 theoretical plates; the tailing factor is not more than 1.2

&1.5;&1S (USP32)
and the relative standard deviation for replicate injections is not more
than 2%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the areas for the
major peaks. Calculate the quantity, in mg, of C22H19ClO3 in the
portion of Atovaquone taken by the formula:

100C(rU / rS)

in which C is the concentration, in mg per mL, of USP Atovaquone
RS in the Standard preparation; and rU and rS are the atovaquone
peak areas obtained from the Assay preparation and the Standard
preparation, respectively.

BRIEFING

Atovaquone Oral Suspension, USP 30 page 1461. It is proposed
to clarify the dilution instructions for the Standard preparation in the
Assay.

(MD-AA: B. Davani; M. Puderbaugh) RTS—C59484

Change to read:

Assay—
Mobile phase—Prepare a mixture of acetonitrile, water, methanol,

and phosphoric acid (480 : 360 : 160 : 5). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Resolution solution—Prepare a solution in 0.1M methanolic

sodium hydroxide containing about 0.09 mg of USPAtovaquone RS
and 0.01 mg of USP Atovaquone Related Compound A RS per mL.
Store in a low-actinic glass container.
Standard preparation—Transfer about 30 mg of USP Atovaquone

RS, accurately weighed, to a low-actinic 10-mL volumetric flask,
and add 2 mL of water and 6 mL of 0.1M methanolic sodium
hydroxide. Sonicate for about 5 minutes or until the material has
dissolved. Allow to cool, dilute with 0.1M methanolic sodium
hydroxide to volume, and mix. Transfer 3.0 mL of this solution to
a low-actinic 100-mL volumetric flask, dilute with a mixture of
methanol and water (1 : 1)

&to volume,&1S (USP32)
and mix. [NOTE—Minimize exposure of this solution to light.]
Assay preparation—Transfer approximately 5.2 g of the well-

mixed Oral Suspension, accurately weighed, to a low-actinic
250-mL volumetric flask. Add 50 mL of water, swirl for about
5 minutes, add 150 mL of 0.1M methanolic sodium hydroxide, and
sonicate for about 15 minutes. Allow to cool, dilute with 0.1M
methanolic sodium hydroxide to volume, and mix. Immediately filter
a 20-mL portion, discarding the first 5 mL of the filtrate. Transfer 3.0
mL of the clear filtrate to a low-actinic 100-mL volumetric flask,
dilute with a mixture of methanol and water (1 : 1) to volume, and
mix. [NOTE—Minimize exposure of this solution to light.]
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 220-nm detector and
a 4.6-mm 6 12.5-cm column that contains packing L1. The flow
rate is about 3 mL per minute. Chromatograph the Resolution
solution, and record the peak areas as directed for Procedure: the
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relative retention times are about 0.86 for atovaquone related
compound A and 1.0 for atovaquone. Chromatograph the Standard
preparation, and record the peak areas as directed for Procedure: the
tailing factor is not more than 1.5; and the relative standard deviation
for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation, the Resolution solution, and the Assay
preparation into the chromatograph, record the chromatograms,
and measure the areas for the major peaks. Calculate the quantity, in
mg, of atovaquone (C22H19ClO3) in each mL of the Oral Suspension
taken by the formula:

(25,000/3)(C/V)(rU / rS)

in which C is the concentration, in mg per mL, of USP Atovaquone
RS in the Standard preparation; V is the volume, in mL, of Oral
Suspension taken to prepare the Assay preparation; and rU and rS are
the atovaquone peak areas obtained from the Assay preparation and
the Standard preparation, respectively.

BRIEFING

Cefaclor Capsules, USP 30 page 1645. On the basis of comments
received, it is proposed to revise the monograph as follows:
1. The Identification test was revised to correct the concentration

of the solution used.
2. References to the Cefaclor monograph were removed from the

Identification, Related compounds test, and from the Assay.
Details of these tests are provided in this monograph in the
current USP format. The liquid chromatographic procedure in
the test for Related compounds is based on analyses performed
with the YMC A303-5 S-5 120A ODS brand of L1 column.
The typical retention times for the delta-3 isomer and cefaclor
in the Related compounds test are about 22.4 and 26.3 minutes,
respectively. The liquid chromatographic Procedure in the
Assay is based on analyses performed with the Ultrasphere
ODS brand of L1 column. Calculation formulas in the Related
compounds test and Assay were updated to the format
recommended in the Stimuli article on page 626 of PF 31(2).

3. In the Related compounds test, the absolute retention time of
the cefaclor peak was replaced with relative retention times for
the delta-3 isomer of cefaclor and cefaclor itself.

4. The units in the Assay were updated to match the Definition.

(MDANT: A. Wise) RTS—C50504

Change to read:

Identification—Mix the contents of 1 Capsule with water to obtain
a concentration of about 2 mg of cefaclor per mL, and filter: the
filtrate so obtained responds to Identification test B under Cefaclor.

&The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromato-

gram of the Standard preparation as obtained in the

Assay.&1S (USP32)

Change to read:

Related compounds—
Solvent, Blank solution, Solution A, Solution B, Mobile phase,

Standard solution, System suitability solution, and Chromatographic
system—Proceed as directed for Related compounds under Cefaclor.

&Diluent—Dissolve 2.4 g of monobasic sodium phosphate

in 1000 mL of water, and adjust with phosphoric acid to a pH

of 2.5.

Blank solution—Use the Diluent.

Solution A—Dissolve 6.9 g of monobasic sodium phos-

phate in 1000 mL of water, and adjust with phosphoric acid to

a pH of 4.0.

Solution B—Prepare a mixture of Solution A and acetoni-

trile (55 : 45), degassing for no longer than 2 minutes.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i). [NOTE—Reducing the acetonitrile

content increases the retention time of cefaclor and increases

the resolution between the delta-3 isomer and cefaclor.]

Standard solution—Dissolve an accurately weighed quan-

tity of USP Cefaclor RS in Diluent to obtain a solution having

a known concentration of about 0.05 mg per mL of cefaclor.

Sonicate briefly, if necessary, to dissolve, and avoid heating.

[NOTE—Use this solution on the day it is prepared.]

System suitability solution—Dissolve a quantity of USP

Cefaclor, Delta-3 Isomer RS in the Standard solution to

obtain a solution having a known concentration of about 0.05

mg per mL of the delta-3 isomer.&1S (USP32)
Test solution—Remove as completely as possible the contents of

not fewer than 20 Capsules, and mix. Transfer an accurately weighed
portion of the combined contents, equivalent to about 50 mg of
cefaclor, to a 10-mL volumetric flask. Dissolve in Solvent,

&Diluent,&1S (USP32)
using brief sonication, if necessary, to achieve dissolution. Avoid
heating. Dilute with Solvent

&Diluent&1S (USP32)
to volume, mix, and filter.

&This solution has a nominal concentration of 5 mg per mL

based on the label claim.&1S (USP32)
[NOTE—Use this Test solution within 3 hours if stored at room
temperature, or within 20 hours when stored under refrigeration.]
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&Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1 mL per minute. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 95 5 equilibration

0–30 95?75 5?25 linear gradient

30–45 75?0 25?100 linear gradient

45–55 0 100 isocratic

55–60 0?95 100?5 reset composition

60–70 95 5 re-equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: identify the peaks

by their relative retention times, which are about 0.85 and 1.0

for the the delta-3 isomer and cefaclor, respectively; the

resolution, R, between the delta-3 isomer and cefaclor is not

less than 2.0; and the tailing factor for the cefaclor peak is not

more than 1.2. Chromatograph the Blank solution as directed

for Procedure. Examine the chromatogram for any extraneous

peaks, and disregard any corresponding peaks observed in the

chromatogram of the Test solution.&1S (USP32)
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak area responses for
all the peaks. Calculate the mg of each related compound in the
portion of Capsules taken by the formula:

0.01CP(ri / rS)

in which the terms are as defined for Related compounds under
Cefaclor. Not more than 0.5% of any individual cefaclor-related
compound is found; and the sum of all cefaclor-related compounds
found is not more than 2.0%, not including the contribution of any
peak that gives a result of less than 0.1%.

&Calculate the percentage of each related compound in the

portion of Capsules taken by the formula:

100(P)(CS /CU)(ri / rS)

in which P is the potency, in mg of cefaclor, per mg of USP

Cefaclor RS; CS is the concentration, in mg per mL, of USP

Cefaclor RS in the Standard solution; CU is the nominal

concentration, in mg per mL, of cefaclor in the Test solution;

ri is the peak response of an individual related compound in

the chromatogram obtained from the Test solution; and rS is

the peak response for the cefaclor peak in the chromatogram

of the Standard solution. The reporting level for impurities is

0.1%. Not more than 0.5% of any individual related

compound is found; and the sum of all related compounds

is not more than 2.0%.&1S (USP32)

Change to read:

Assay—
Mobile phase, Standard preparation, Resolution solution, and

Chromatographic system—Proceed as directed in the Assay under
Cefaclor.

&Mobile phase—Dissolve 1 g of sodium 1-pentanesulfonate

in a mixture of 780 mL of water and 10 mL of triethylamine.

Adjust with phosphoric acid to a pH of 2.5+ 0.1, add 220

mL of methanol, and mix. Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Cefaclor RS in Mobile phase to obtain

a solution having a known concentration of about 0.3 mg per

mL of cefaclor. Sonicate briefly, if necessary, to achieve

dissolution, and avoid heating the solution. [NOTE—Use this

Standard preparation within 8 hours if stored at room

temperature, or within 20 hours if stored under refrigera-

tion.]&1S (USP32)
Assay preparation—Remove, as completely as possible, the

contents of not fewer than 20 Capsules, and weigh accurately. Mix
the combined contents, and transfer an accurately weighed portion of
the powder, equivalent to about 75 mg of cefaclor, to a 250-mL
volumetric flask, dilute with Mobile phase to volume, and mix.
Sonicate if necessary to ensure complete dissolution of the cefaclor.
Filter to obtain the clear Assay preparation.

&The nominal concentration of this solution is 0.3 mg per mL

of cefaclor based on the label claim.

System suitabilty solution—Dissolve accurately weighed

quantities of USP Cefaclor RS and USP Cefaclor, Delta-

3 Isomer RS in Mobile phase to obtain a solution having

a known concentration of about 0.3 mg each of cefaclor and

the delta-3 isomer per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 265-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] IN-PROCESS REVISION 249



L1. The flow rate is about 1.5 mL per minute. Chromatograph

the System suitability solution, and record the responses as

directed for Procedure: identify the peaks by their relative

retention times, which are about 0.8 and 1.0 for the delta-

3 isomer and cefaclor, respectively; the resolution, R, between

the cefaclor peak and the delta-3 isomer peak is not less than

2.5; the tailing factor is not more than 1.5; and the relative

standard deviation for replicate injections is not more than

2%.&1S (USP32)
Procedure—Proceed as directed in the Assay under Cefaclor.

Calculate the portion of C15H14ClN3O4S in the portion of Capsules
taken by the formula:

5WS(P / 1000)(rU / rS)

in which the terms are as defined therein.

&Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the percent label

claim of cefaclor (C15H14ClN3O4S) in the portion of Capsules

taken by the formula:

(P)(CS /CU)(rU / rS)(100)

in which P is the potency, in mg, of cefaclor (C15H14ClN3O4S)

per mg, of USP Cefaclor RS; CS is the concentration, in mg

per mL, of USP Cefaclor RS in the Standard preparation; CU

is the nominal concentration, in mg per mL, of cefaclor in the

Assay preparation; and rU and rS are the peak responses of the

cefaclor peaks obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP32)

BRIEFING

Chlorhexidine Gluconate Oral Rinse, USP 30 page 1717 and
page 3761 of the First Supplement; Chlorhexidine Gluconate
Solution, USP 30 page 1718 and page 3761 of the First Supplement.
Because p-chloroaniline is used as a quantitative standard in this
monograph, it is proposed to replace reagent-grade p-chlorhexidine
with USP p-Chlorohexidine RS. The addition of the labeling
statement regarding Oral Rinse intended for veterinary use reflects
the current marketed use of the article in the United States.

(VET: I. DeVeau) RTS—C57566

Change to read:

Labeling—The labeling indicates that the Oral Rinse

&Oral Rinse intended solely for veterinary use is so labeled.

Oral Rinse intended for human use is labeled to indicate

it&1S (USP32)
is to be expectorated and not swallowed after rinsing.

Change to read:

USP Reference standards h11i—USP Chlorhexidine Acetate RS.

&USP p-Chloroaniline RS.&1S (USP32)
USP Potassium Gluconate .

BRIEFING

Chlorhexidine Gluconate Solution, USP 30 page 1718 and page
3761 of the First Supplement—See briefing under Chlorhexidine
Gluconate Oral Rinse.

(VET: I. DeVeau) RTS—C57566

Change to read:

USP Reference standards h11i—USP Chlorhexidine RS. USP
Chlorhexidine Acetate RS. USP Chlorhexidine Related Compounds
RS.

&USP p-Chloroaniline RS.&1S (USP32)
USP Potassium Gluconate RS.

Change to read:

Limit of p-chloroaniline—
Diluent, Solution A, Solution B, Mobile phase, System suitability

solution, and Chromatographic system—Proceed as directed in the
Assay.
Standard solutions—Transfer about 10 mg of p-chloroaniline

&USP p-Chloroaniline RS,&1S (USP32)
accurately weighed, to a 100-mL volumetric flask, add 2 mL of
acetonitrile, swirl to dissolve, dilute with Diluent to volume, and
mix. Dilute accurately measured volumes of this solution quantita-

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
250 IN-PROCESS REVISION Vol. 34(2) [Mar.–Apr. 2008]



tively, and stepwise if necessary, with Diluent to obtain Standard
solutions having known concentrations of about 1.5, 1.2, 0.6, and 0.3
mg of p-chloroaniline per mL.
Test solution—Transfer 5.0 mL of Solution to a 100-mL

volumetric flask, dilute with water to volume, and mix. Transfer
10.0 mL of this solution to a 250-mL volumetric flask, dilute with
Diluent to volume, and mix. This solution contains about 0.4 mg of
chlorhexidine gluconate per mL.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solutions and the Test solution into the chromatograph,
record the chromatograms, and measure the areas for the p-
chloroaniline peaks. Plot the peak responses obtained from the
Standard solutions versus the relevant concentrations, in mg per mL.
Draw the straight line best fitting the four plotted points. From the
graph so obtained, determine the concentration, C, in mg per mL, of
p-chloroaniline in the Test solution. Calculate the quantity, in mg per
mL, of p-chloroaniline in the portion of Solution taken by the
formula:

500C

Not more than 500 mg per mL is found. If the quantity so obtained is
less than 150 mg per mL, the tests may be repeated using a more
appropriate dilution in the preparation of the Test solution.

Change to read:

Assay—
Diluent—Prepare a solution of 27.6 g of monobasic sodium

phosphate in about 1.5 L of water. Adjust with phosphoric acid to
a pH of 3.0, dilute with water to 2000 mL, and mix.
Solution A—Prepare a solution of 27.6 g of monobasic sodium

phosphate and 10 mL of triethylamine in about 1.5 L of water.
Adjust with phosphoric acid to a pH of 3.0, dilute with water to 2000
mL, and mix. Prepare a mixture of this solution and acetonitrile
(70 : 30). [NOTE—Small adjustments in the acetonitrile content may
be made to meet acceptable resolution criteria (see System Suitability
under Chromatography h621i).] Degas before use and sparge with
helium during the analysis.
Solution B—Use acetonitrile.
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
System suitability solution—Prepare a solution in Diluent

containing about 50 mg of USP Chlorhexidine Acetate RS per mL
and 1 mg of p-chloroaniline

&USP p-Chloroaniline RS&1S (USP32)
per mL.
Standard preparation—Prepare a solution of USP Chlorhexidine

Acetate RS in water having a known concentration of about 1 mg per
mL. Dilute quantitatively an accurately measured volume of this
stock solution with Diluent to obtain a solution having a known
concentration of about 50 mg per mL.
Assay preparation—Transfer 5.0 mL of Solution to a 250-mL

volumetric flask, dilute with water to volume, and mix. Transfer 5.0
mL of this solution to a 250-mL volumetric flask, dilute with Diluent
to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 239-nm detector and
a 4.6-mm 6 25-cm column that contains base-deactivated 5-mm
packing L1 and is maintained at a constant temperature of about 408.
The flow rate is about 1.5 mL per minute. The chromatograph is
programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 100 0 equilibration
0–9 100 0 isocratic
9–10 100?45 0?55 linear gradient

10–15 45 55 isocratic
15–16 45?100 55?0 linear gradient
16–21 100 0 re-equilibration

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the resolution, R, between
chlorhexidine and p-chloroaniline is not less than 3; and the relative
standard deviation for replicate injections is not more than 2.0%
determined from the chlorhexidine peak, and not more than 5.0%
determined from the p-chloroaniline peak.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the peak areas for
chlorhexidine. Calculate the percentage (w/v) of chlorhexidine
gluconate (C22H30Cl2N10 � 2C6H12O7) in the portion of Solution taken
by the formula:

&(897.76/625.55(0.25C)(rU / rS)&1S (USP30)

in which &897.76 and 625.55&1S (USP30) are the molecular weights of
chlorhexidine gluconate and chlorhexidine acetate, respectively; C is
the concentration, in mg per mL, of USP Chlorhexidine Acetate RS
in the Standard preparation; and rU and rS are the peak areas for
chlorhexidine obtained from the Assay preparation and the Standard
preparation, respectively.

BRIEFING

Chloroquine Phosphate, USP 30 page 1722. On the basis of
validation data, it is proposed to replace the tedious extraction and
nonspecific spectrophotometric analysis in the Assay with a more
accurate and specific HPLC method. The typical retention time for
chloroquine phosphate is 6.9 minutes. Furthermore, it is proposed to
add an additional Identification test based on a retention time
requirement. The analysis is performed with a Phenomenex Luna
brand of 5-mm, L1 column.

(MD-AA: B. Davani; L. Santos) RTS—C57703

Change to read:

USP Reference standards h11i—USP Chloroquine Phosphate RS.

&USP Hydroxychloroquine Sulfate RS.&1S (USP32)

Change to read:

Identification—
A: It meets the requirements under Identification—Organic

Nitrogenous Bases h181i, chloroform being substituted for carbon
disulfide in the test.
B: Ultraviolet Absorption h197Ui—
Solution: 10 mg per mL.
Medium: dilute hydrochloric acid (1 in 1000).
Ratio: A343/A329, between 1.00 and 1.15.

&C: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&1S (USP32)

Change to read:

Assay—Dissolve about 100 mg of Chloroquine Phosphate,
accurately weighed, in about 5 mL of water, and dilute quantitatively
and stepwise with dilute hydrochloric acid (1 in 1000) to obtain
a solution containing about 10 mg per mL. Similarly prepare
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a Standard solution of USP Chloroquine Phosphate RS. Concom-
itantly determine the absorbances of both solutions in 1-cm cells at
the wavelength of maximum absorbance at about 343 nm, with
a suitable spectrophotometer, using dilute hydrochloric acid (1 in
1000) as the blank. Calculate the quantity, in mg, of
C18H26ClN3 � 2H3PO4 in the portion of Chloroquine Phosphate taken
by the formula:

10C(AU /AS),

in which C is the concentration, in mg per mL, of USP Chloroquine
Phosphate RS in the Standard solution, and AU and AS are the
absorbances of the solution of Chloroquine Phosphate and the
Standard solution, respectively.

&Buffer solution—Accurately weigh about 13.6 g of

monobasic potassium phosphate, and dissolve in 2 L of

water. Add 2.0 mL perchloric acid, mix, and adjust with

phosphoric acid to a pH of 2.5+ 0.5 . Pass the solution

through a membrane filter having a 0.45-mm porosity.

Mobile phase—Prepare a mixture of Buffer solution and

methanol (78 : 22). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Transfer an accurately weighed

quantity of USP Chloroquine Phosphate RS to a suitable

volumetric flask, and dissolve in and dilute with water to

volume to obtain a solution having a concentration of about

0.15 mg per mL of choloroquine phosphate.

Assay preparation—Transfer an accurately weighed quan-

tity of Chloroquine Phosphate to a suitable volumetric flask,

and dissolve in and dilute with water to volume to obtain

a solution having a concentration of about 0.15 mg per mL of

chloroquine phosphate.

System suitability solution—Transfer accurately weighed

quantities of USP Hydroxychloroquine Sulfate RS and USP

Chloroquine Phosphate RS to a suitable volumetric flask, and

dissolve in and dilute with water to volume to obtain

a solution having concentrations of about 0.015 mg per mL of

hydroxychloroquine sulfate and 0.15 mg per mL of

chloroquine phosphate.

Chromatography system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 224-nm detector

and a 3.5-mm 6 10-cm column that contains 5-mm packing

L1. The flow rate is about 1.2 mL per minute. The column

temperature is maintained at 25+ 58. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure: the relative retention times are 1.0 for

chloroquine phosphate and 0.8 for hydroxychloroquine

sulfate; the resolution, R, between chloroquine phosphate

and hydroxychloroquine sulfate is not less than 1.5; the

column efficiency is not less than 2000 theoretical plates; for

both compounds, the tailing factor is not more than 2.0; and

the relative standard deviation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percent, of C18H26ClN3 � 2H3PO4 in the portion of Chloroquine

Phosphate taken by the formula:

100(CS /CU)(rU / rS)

in which 100 is the percent conversion factor; CS is the

concentration, in mg per mL, of USP Chloroquine Phosphate

RS in the Standard preparation; CU is the concentration, in

mg per mL, of Chloroquine Phosphate in the Assay

preparation; and rU and rS are the peak responses obtained

from the Assay preparation and Standard preparation,

respectively.&1S (USP32)
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BRIEFING

Cisapride. Because there are no existing USP monographs for
this article, a new monograph is being proposed based upon the
Cisapride Monohydrate monograph in the European Pharmacopeia
5.0. The Chromatographic purity test is an HPLC procedure based
upon the analyses performed with a Hypersil BDS brand of L1
column. The typical retention times are about 15 minutes for
cisapride and 16 minutes for haloperidol. Cisapride is used in
veterinary medicine as a component of compounded preparations to
treat megacolon and other gastrointestinal disorders in cats. This
drug substance monograph is being proposed as a prelude to the
publication of monographs for the compounded formulations.

(VET: I. DeVeau) RTS—C44965

Add the following:

&Cisapride

C23H29ClFN3O4 465.95

Benzamide, 4-amino-5-chloro-N-[1-[3-(4-fluorophenoxy)pro-

pyl]-3-methoxy-4-piperidinyl]-2-methoxy-, cis-

cis-4-Amino-5-chloro-N-[1-[3-(p-fluorophenoxy)propyl]-3-

methoxy-4-piperidyl]-o-anisamide [81098-60-4.].

Monohydrate 484.0 [260779-88-2].

» Cisapride contains not less than 99.0 percent and

not more than 101.0 percent of C23H29ClFN3O4,

calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed, light-

resistant containers, and store at room temperature.

USP Reference standards h11i—USP Cisapride RS. USP

Haloperidol RS.

Completeness of solution h641i—A solution, 10 mg per mL

in methylene chloride, meets the requirements.

Identification, Infrared Absorption h197Ki.

Specific rotation h781Si: between –108 and +108, mea-

sured at 208.

Test solution: 10 mg per mL, in methylene chloride.

Water, Method I h921i: between 3.4% and 4.0%.

Residue on ignition h281i: not more than 0.1%.

Chromatographic purity—

Solution A—Prepare a 20 g per L solution of tetrabutylam-

monium hydrogen sulfate in water.

Solution B—Use methanol.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Blank solution—Use methanol.

System suitability solution—Prepare a solution of USP

Cisapride RS and USP Haloperidol RS in methanol

containing about 0.05 mg per mL and 0.4 mg per mL,

respectively.

Test solution 1—Dissolve an accurately weighed quantity

of Cisapride, in methanol to obtain a solution having a known

concentration of about 10 mg per mL.

Test solution 2—Dilute quantitatively and stepwise Test

solution 1 in methanol to obtain a solution having a known

concentration of about 0.05 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 275-nm detector

and a 4.0-mm 6 10-cm column that contains 3-mm base-

deactivated packing L1. The flow rate is about 1.2 mL per

minute. The chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–20 80?55 20?45 linear gradient

20–21 55?5 45?95 linear gradient

21–25 5 95 isocratic
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Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

25–26 5?80 95?20 return to initial

conditions

26–30 80 20 re-equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the order of elution

is cisapride followed by haloperidol, the resolution, R,

between these two peaks is not less than 2.5; and the relative

standard deviation for replicate injections is not more than

2.0% for the cisapride peak.

Procedure—Inject a volume (about 10 mL) of the Blank

solution, Test solution 1, and Test solution 2 into the

chromatograph, record the chromatograms, and measure the

peak areas. Calculate the percentage of cisapride impurities in

the portion of Cisapride taken by the formula:

100(Cs /Ci)(ri / rs)

in which Cs and Ci are the concentration of cisapride, in mg

per mL, of Test solution 2 and Test solution 1, respectively; ri

is the individual peak response of cisapride inpurities in Test

solution 1, and rs is cisapride peak area in Test solution 2: not

more than 0.5% of any cisapride impurity is found, and not

more than 1.0 % of total impurities is found. Disregard any

peak also found in the Blank solution and any peak with an

area less than 0.1 times the area of the principal peak in the

Test solution 2 chromatogram.

Assay—Dissolve about 0.350 g of Cisapride, accurately

weighed, in 70 mL of a mixture of methyl ethyl ketone and

acetic acid (7 : 1). Titrate with 0.1N perchloric acid VS,

determining the endpoint potentiometrically. Perform a blank

determination, and make any necessary correction (see

Titrimetry h541i). Each mL of 0.1N perchloric acid is

equivalent to 46.60 mg of C23H29ClFN3O4.&1S (USP32)

BRIEFING

Clonazepam Orally Disintegrating Tablets. Because there is no
existing USP monograph for this dosage form, a new monograph is
being proposed. The liquid chromoatographic procedures in the tests
for Related compounds and Assay are based on analyses performed
with the Waters Symmetry C8 brand of L7 column. The typical
retention time of the clonazepam peak is about 5 minutes.

(MD-PP: M. Puderbaugh; R. Ravichandran; BPC: M. Mar-
ques) RTS—C58884

Add the following:

&Clonazepam Orally Disintegrating
Tablets

» Clonazepam Orally Disintegrating Tablets con-

tain not less than 90.0 percent and not more than

110.0 percent of the labeled amount of clonazepam

C15H10ClN3O3.

Packaging and storage—Preserve in well-closed, light-

resistant containers, and store at controlled room temperature.

USP Reference standards h11i—USP Clonazepam RS. USP

Clonazepam Related Compound A RS. USP Clonazepam

Related Compound B RS.

Identification—

A: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Disintegration h701i: not more than 60 seconds.

Dissolution h711i—

Medium: water; 900 mL, degassed.

Apparatus 2: 50 rpm.

Time: 60 minutes.

Mob i l e p h a s e , S t a n d a rd p re p a r a t i o n , a n d

Chromatographic system—Prepare as directed in the Assay.
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Standard solution—Quantitatively dilute with Medium the

Standard preparation as directed in the Assay according to

the Tablet strength. The final concentration of the Standard

solution corresponding to each Tablet strength is given in

Table 1.

Table 1

Tablet Strength

mg per Tablet

Final Standard solution

mg/mL of Clonazepam

0.125 0.125
0.25 0.25
0.5 0.50
1.0 1.0
2.0 2.0

Test solution—Pass a portion of the solution under test

through a 0.45-mm nylon membrane filter, discarding the first

few mL.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the clonazepam peak. Calculate the percentage

of clonazepam dissolved by the formula:

in which rU and rS are the peak response obtained with the Test

solution and the Standard solution, respectively; CS is the

concentration of USP Clonazepam RS, in mg per mL, in the

Standard solution; 900 is the volume of the Medium; and L is

the Tablet label claim, in mg.

Tolerances—Not less than 75% (Q) of the labeled amount

of clonazepam is dissolved in 60 minutes.

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Mobile phase and Standard preparation—Prepare as

directed in the Assay.

System suitability solution—Dissolve weighed quantities of

USP Clonazepam Related Compound A RS and USP

Clonazepam Related Compound B RS in Mobile phase to

obtain a solution having a known concentration of about 0.2

mg per mL each of USP Clonazepam Related Compound A

RS and USP Clonazepam Related Compound B RS.

Standard solution—Quantitatively dilute with Mobile

phase the Standard preparation to obtain a solution having

a known concentration of about 0.2 mg per mL of

clonazepam.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Grind the Tablets into a fine powder and transfer an

accurately weighed portion of the powder, equivalent to about

2 mg of clonazepam, to a 50-mL volumetric flask, pipette

20.0 mL ofMobile phase into the flask, and sonicate for about

2 minutes with intermittent shaking. DO NOT dilute to

volume. Shake the flask for 30 minutes on a mechanical

shaker. Pass a portion of this solution through a nylon

membrane filter having a 0.45-mm or finer porosity, and use

the filtrate after discarding the first 4 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure. Identify the peaks due to clonazepam related

compound A and clonazepam related compound B using the

relative retention times given in Table 2; the resolution, R,

between clonazepam related compound A and clonazepam

related compound B is not less than 2.0. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the tailing factor is not more than 2.0, and the

relative standard deviation for six replicate injections is not

more than 6.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms for at least four

times the retention time of clonazepam, and measure the

responses for all the peaks. [NOTE—Disregard any peaks with

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] IN-PROCESS REVISION 255



a retention time less than 3.5 minutes.] Calculate the

percentage of each impurity in the portion of Tablets taken

by the formula:

(CS /CT)(rT / rS)(1 /F)100

in which CS is the concentration, in mg per mL, of USP

Clonazepam RS in the Standard solution; CT is the nominal

concentration, in mg per mL, of clonazepam in the Test

solution; rT is the peak responses of each impurity obtained

from the Test solution;rS is the peak response for clonazepam

obtained from the Standard solution; and F is the relative

response factor for the impurity given in Table 2. The limits

of each impurity along with their relative retention times and

relative response factors are given in Table 2.

Table 2

Peak ID

Relative

Retention

Time

Relative

Response

Factor

Limit

%

(w/w)

Clonazepam 1.0 1.0 —

Clonazepam related

compound A1 1.71 0.67 0.4

Clonazepam related

compound B2 2.25 0.79 1.0

Any other unspecified

degradation product — 1.0 0.2

Total impurities — — 2.0

1 3-Amino-4-(2-chlorophenyl)-6-nitrocarbostyril.
2 2-Amino-2’-chloro-5-nitrobenzophenone.

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

water, acetonitrile, and methanol (2 : 1 : 1). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Clonazepam RS in Mobile phase, and dilute,

if nessasary, to obtain a solution having a known concentra-

tion of about 0.01 mg per mL of USP Clonazepam RS.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 2 mg of clonazepam, to a 200-

mL volumetric flask, add 120 mL of Mobile phase, and

sonicate for about 15 minutes with intermittent shaking.

Shake the flask on a mechanical shaker for about 30 minutes.

Dilute with Mobile phase to volume, and mix. Pass a portion

of this solution through a nylon membrane filter having

a 0.45-mm or finer porosity, and use the filtrate after

discarding the first 4 mL of the filtrate. [NOTE—The solution

is stable for 48 hours at room temperature.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L7. The flow rate is about 1.2 mL per minute. The column

temperature is maintained at 308. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is not fewer

than 2000 theoretical plates; the tailing factor is not more than

2.0; and the relative standard deviation for replicate injections

is not more than 2.0%.

Procedure—Separately inject equal volumes (about 60 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the clonazepam peak. Calculate the quantity,

in percentage, of label claim of clonazepam (C15H10ClN3O3)

in the portion of Tablets taken by the formula:

(CS /CU)(rU / rS)100

in which CS is the concentration, in mg per mL, of USP

Clonazepam RS in the Standard solution; CU is the nominal

concentration based on label claim, in mg per mL, of

clonazepam in the Assay preparation; rU is the peak response
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for clonazepam obtained from the Assay preparation; and rS

is the peak response for clonazepam obtained from the

Standard preparation.&1S (USP32)

BRIEFING

Diclofenac Potassium Tablets, USP 30 page 1921. On the basis
of comments received, it is proposed to make the following changes:
1. Correct the concentration of the Standard preparation under

Assay.
2. Delete the test for Water as formulation specific.
3. Delete the test for Limit of potassium. This test represents an

assay for a counterion that is usually not included in USP
monographs for dosage forms. Comments were received that
the weight percentage requirement is formulation specific and is
not applicable to several approved dosage forms. In addition,
the excipient matrix may contain potassium and may interfere
with the test.

4. Revise the test for Related compounds to change the limit of
diclofenac related compound A to 0.5%, the limit of any other
individual impurity to 0.5%, and the limit of total impurities to
1.5%. These limits are representative for marketed products.
The concentration of the Standard solution is also revised to be
consistent with the proposed limits. Other changes are editorial.

5. Revise the Tolerances in the Dissolution test to be in
accordance with those approved by the FDA.

In addition, it is proposed to change the format of the formulas in
the Related compounds and Assay, as recommended in the Stimuli
article Common Pharmacopeial Calculations in USP Monographs,
published on page 626 of PF 31(2).
Subject to consideration of comments received during the

comment period, it is proposed to implement this revision via the
Interim Revision Announcement pertaining to USP 31–NF 26 in PF
34(4) [July–Aug. 2008] with an official date of August 1, 2008.
Comments regarding these proposals should be received by May 1,
2008.

(MD-CCA: E. Gonikberg, C. Anthony; BPC: M. Mar-
ques) RTS—C59229, C61261

Change to read:

Dissolution h711i—
Medium: simulated intestinal fluid (without enzyme); 900 mL.
Apparatus 2: 50 rpm.
Time: 60 minutes.
Procedure—Determine the amount of C14H10Cl2KNO2 dissolved

by employing UV absorption at the wavelength of maximum
absorbance at about 276 nm on portions of the solution under test
passed through a 0.45-mm filter, suitably diluted with Medium, if
necessary, in comparison with a Standard solution having a known
concentration of USP Diclofenac Potassium RS in the sameMedium.
Calculate the percentage of diclofenac potassium (C14H10Cl2KNO2)
dissolved by the formula:

in which AU and AS are the absorbances obtained from the solution
under test and the Standard solution, respectively; CS is the
concentration, in mg per mL, of the Standard solution; 900 is the
volume, in mL, of Medium; 100 is the conversion factor to

percentage; and LC is the Tablet label claim, in mg, of diclofenac
potassium.
Tolerances—Not less than 80%

.75%.4
(Q) of the labeled amount of C14H10Cl2KNO2 is dissolved in 60
minutes.

Delete the following:

.Loss on drying h731i—Dry it at 1058 + 28 for 3 hours : it loses
not more than 5.0% of its weight..4

Delete the following:

.Limit of potassium—
Standard—Accurately transfer about 50.00 mg of potassium

chloride into a fused quartz crucible.
Sample—Transfer not fewer than five diclofenac potassium 50-mg

Tablets, accurately weighed, into a fused quartz crucible.
Blank—Prepare a dilution of 10% cesium chloride (1 in 50).
Test solutions—Place crucibles containing the Standard, Sample,

and Blank in a muffle furnace at 5508 for 8 hours to ash the
contained material. Pipet 1.0 mL of concentrated hydrochloric acid
and 1.0 mL of concentrated nitric acid into each cooled crucible.
Heat each crucible on a hot plate to dissolve the residue. Transfer
quantitatively, without filtering, the contents of each crucible to 100-
mL volumetric flasks, and dilute with water to volume. Pipet 1.0 mL
from each volumetric flask into separate 100-mL volumetric flasks,
pipet 2.0 mL of 10% cesium chloride solution into each flask, and
dilute with water to volume.
Procedure—Concomitantly determine the absorbances of the Test

solutions and Blank at the potassium emission line at 766.5 nm with
a suitable atomic absorption spectrophotometer (see Spectropho-
tometry and Light-Scattering h851i) equipped with an air–acetylene
flame. Plot the absorbances of the Test solutions versus their
potassium content. Calculate the weight percentage of potassium in
each Tablet: not less than 2.40% and not more than 2.94% is found;
and not less than 90.0% and not more than 110.0% of the calculated
theoretical amount of potassium is found..4

Change to read:

Related compounds—
pH 2.5 Phosphate buffer, Mobile phase, Diluent, Resolution

solution, and Chromatographic system—Prepare as directed in the
Assay.

Standard solution—Dissolve an accurately weighed quantity of
USP Diclofenac Related Compound A RS in Diluent, and dilute
quantitatively, and stepwise if necessary, to obtain a solution having
a known concentration of about 50 mg per mL.

.2.5 mg per mL..4
Test solution—Use the Assay preparation, prepared as directed in

the Assay.
Procedure—Separately inject equal volumes (about 30 mL) of the

Standard solution, and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of diclofenac related compound A

.relative to the diclofenac potassium labeled content.4
in the portion of Tablets taken by the formula:

10(C/A)(rU / rS)

.1006 0.001(CA /CT)(rU / rS).4

in which C is the concentration, in mg per mL, of diclofenac related
compound A in the Standard solution; A is the quantity, in mg, of
diclofenac potassium in the portion of Tablets taken to prepare the
Assay preparation, as determined in the Assay;
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.0.001 is a conversion coefficient from mg per mL to mg per

mL; CA is the concentration, in mg per mL, of diclofenac

related compound A in the Standard solution; CT is the

concentration, in mg per mL, of diclofenac potassium in the

Test solution, based on the label claim;.4
and rU and rS are the diclofenac related compound A peak responses
obtained from the Test solution and the Standard solution,
respectively: not more than 0.1%

.0.5%.4
of diclofenac related compound A is found. Calculate the percentage
of each of the other impurities, other than diethyl phthalate, if
present,

.relative to the diclofenac potassium labeled content.4
in the portion of Tablets taken by the formula:

10(C/A)(ri / rS)

.1006 0.001(CA /CT)(ri / rS).4

in which ri is the response of an individual impurity peak obtained
from the Test solution, and the other terms are as defined above: not
more than 0.1%

.0.5%.4
of each individual impurity is found, and not more than 0.3%

.1.5%.4
of total impurities is found.

Change to read:

Assay—
pH 2.5 Phosphate buffer—Mix equal volumes of 0.01M

phosphoric acid and 0.01M monobasic sodium phosphate. If
necessary, adjust with additional portions of the appropriate
components to a pH of 2.5+ 0.2.
Mobile phase—Prepare a filtered and degassed mixture of

methanol and pH 2.5 Phosphate buffer (70 : 30). Make adjustments
if necessary (see System Suitability under Chromatography h621i).
Diluent—Prepare a mixture of methanol and water (70 : 30).
Standard preparation—Dissolve an accurately weighed quantity

of USP Diclofenac Potassium RS in Diluent, and dilute quantita-
tively, and stepwise if necessary, to obtain a solution having a known
concentration of about 50 mg per mL

.0.5 mg per mL..4
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 50 mg of diclofenac potassium, to a 100-mL
volumetric flask. Add about 70 mL of Diluent, stir for 60 minutes,
dilute with Diluent to volume, mix, and centrifuge.
Resolution solution—Prepare a solution in Diluent containing 40

mg per mL of diethyl phthalate, 0.5 mg per mL of USP Diclofenac
Potassium RS, and 37.5 mg per mL of USP Diclofenac Potassium
Related Compound A RS.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and
a 4.6-mm 6 25-cm column that contains 5-mm packing L7. The
flow rate is about 1 mL per minute. Chromatograph the Resolution
solution, and record the peak responses as directed for Procedure:
the resolution, R, between diethyl phthalate and diclofenac related
compound A is not less than 2.5, and the resolution, R, between
diclofenac related compound A and diclofenac is not less than 3.5.
Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the relative standard deviation
for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL) of the
Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg,

.percentage of the labeled amount.4
of diclofenac potassium (C14H10Cl2KNO2) in each Tablet

.the portion of the Tablets.4
taken by the formula:

(VC/20)(rU / rS)

.100(CS /CU)(rU / rS).4

in which V is the volume of the flask used to prepare the Assay
preparation; Cis the concentration, in mg per mL, of USP
Diclofenac Potassium RS in the Standard preparation;

.CS is the concentration, in mg per mL, of diclofenac

potassium in the Standard preparation; CU is the concentra-

tion, in mg per mL, of diclofenac potassium in the Assay

preparation, based on the label claim;.4
and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively.

BRIEFING

Fenofibrate Capsules, page 91 of PF 34(1) [Jan.–Feb. 2008]. It is
proposed to add a Dissolution Test 3 to this monograph.

(BPC: M. Marques) RTS—C59094

Add the following:

~Fenofibrate Capsules

» Fenofibrate Capsules contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of fenofibrate (C20H21ClO4).

Packaging and storage—Preserve in well-closed containers,

and store at controlled room temperature.

Labeling—When more than one Dissolution test is given, the

labeling states the test used only if Test 1 is not used.
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USP Reference standards h11i—USP Fenofibrate RS. USP

Fenofibrate Related Compound B RS.

Identification—

A: Infrared Absorption h197Ki—

Test specimen—Transfer the contents of 1 Capsule to

a glass centrifuge tube, add an amount of methylene chloride,

equivalent to about 10 mL per 67 mg of fenofibrate, and

shake vigorously. Pass through a suitable paper filter into

a separatory funnel, wash with water, and collect the

methylene chloride layer. Evaporate under a stream of

nitrogen, and dry under vacuum at 608 for 1 hour. Mix

about 4 mg of the dried sample with about 200 mg of

potassium bromide.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Change to read:

Dissolution h711i—

TEST 1—

Medium: 0.05M sodium lauryl sulfate in water; 1000

mL, deaerated.

Apparatus 2: 75 rpm.

Time: 40 minutes.

Buffer solution pH 2.9 and Mobile phase—Prepare as

directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Fenofibrate RS in Mobile phase to obtain

a solution having a known concentration of about (0.001

6 L) mg per mL, where L is the Capsule label claim, in mg.

Test solution—Filter a portion of the solution under test

through a 0.45-mm polyvinylidene difluoride (PVDF) filter.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the column efficiency is not less than 4000

theoretical plates; the tailing factor is not more than 2.0; and

the relative standard deviation for replicate injections is not

more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL

for Capsules labeled to contain 67 mg and about 5 mL for

Capsules labeled to contain 134 mg or 200 mg) of the

Standard solution and the Test solution into the chromato-

graph, record the chromatograms, and measure the peak

responses. Calculate the amount of C20H21ClO4 dissolved by

the formula:

in which rU and rS are the peak responses for the Test solution

and the Standard solution, respectively; CS is the concentra-

tion, in mg per mL, of the Standard solution; 1000 is the

volume, in mL, of Medium; 100 is the conversion factor to

percentage; and L is the Capsule label claim, in mg.

Tolerances—Not less than 70% (Q) of the labeled amount

of C20H21ClO4 is dissolved in 40 minutes.

TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: phosphate buffer pH 6.8+ 0.1 containing 0.1%

pancreatin and 2% polysorbate 80; 900 mL, deaerated with

vacuum.

Apparatus 2: 75 rpm, with sinker (see Dissolution h711i,

Figure 2a).

Time: 2 hours.

Standard solution—Prepare solutions of USP Fenofibrate

RS in Medium to obtain a final concentration of L/1000 mg

per mL, where L is the Capsule label claim. A volume of

methanol, not exceeding 10%, can be used in the first dilution

to solubilize fenofibrate.

Test solution—Pass 20 mL of the solution under test

through a 0.45-mm PVDF filter, discarding the first 2 mL.
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Procedure—Determine the amount of fenofibrate

(C20H21ClO4) dissolved by employing UV absorption at the

wavelength of maximum absorbance at about 288 nm on the

Test solution in comparison with the appropriate Standard

solution, using Medium as the blank and a 0.1-cm flow cell.

Calculate the amount of fenofibrate (C20H21ClO4), in percent-

age, dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and the appropriate Standard solution, respectively;

CS is the concentration of fenofibrate in the appropriate

Standard solution; 900 is the volume, in mL, of Medium; 100

is the conversion factor to percentage; and L is the Capsule

label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C20H21ClO4 is dissolved in 120 minutes.

&TEST 3—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 3.

Medium: 0.72% sodium lauryl sulfate in water; 1000 mL,

deaerated.

Apparatus 2: 75 rpm, with sinkers with three prongs.

Time: 30 minutes.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Fenofibrate RS in methanol to obtain a solution

having a known concentration of about L/10 mg per mL,

where L is the Capsule label claim in mg. Transfer 10.0 mL of

this solution to a 1000-mL volumetric flask, and dilute with

Medium to volume.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm PVDF filter.

Procedure—Determine the amount of fenofibrate

(C20H21ClO4) dissolved by employing UV absorption at the

wavelength of maximum absorbance at about 290 nm on the

Test solution, suitably diluted with Medium if necessary, in

comparison with the Standard solution, using Medium as the

blank. Calculate the amount of fenofibrate (C20H21ClO4), in

percentage, dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and the Standard solution, respectively; CS is the

concentration of fenofibrate in the Standard solution; DF is

the dilution factor of the Test solution; 1000 is the volume, in

mL, of Medium; 100 is the conversion factor to percentage;

and L is the Capsule label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of fenofibrate is dissolved in 30 minutes.&1S (USP32)

Uniformity of dosage units h905i: meet the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—

Buffer solution pH 2.9, Mobile phase, Standard

preparation, and Chromatographic system—Proceed as

directed in the Assay.

Test solution—Place 1 Capsule in a suitable volumetric

flask, add Buffer solution pH 2.9 to 10%–20% of the final

volume, and stir for 20 minutes to disintegrate the Capsule.

Fill the flask to about 80% with methanol, sonicate for 10

minutes, stir for 15 minutes, and dilute with methanol to

volume to obtain a solution having a known concentration of

about 0.4 to 0.7 mg of fenofibrate per mL, based on the label

claim. Quantitatively dilute an aliquot with Mobile phase, to

obtain a solution having a known concentration of about 0.06

to 0.07 mg per mL, and pass it through a 0.45-um PVDF

filter, discarding the first 5 mL.

Procedure—Proceed as directed in the Assay, except to

inject the Test solution instead of the Assay preparation.

Related compounds—

Buffer solution pH 2.9 and Mobile phase—Prepare as

directed in the Assay.
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System suitability solution—Dissolve an accurately

weighed quantity of USP Fenofibrate RS and USP Fenofi-

brate Related Compound B RS in Mobile phase to obtain

a solution having concentrations of about 0.67 mg per mL

and 3.35 mg per mL, respectively. [NOTE—Fenofibrate related

compound B is 2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-

propanoic acid (fenofibric acid).]

Standard solution—Dissolve an accurately weighed quan-

tity of USP Fenofibrate RS and USP Fenofibrate Related

Compound B RS in Mobile phase to obtain a solution having

known concentrations of about 3.35 mg per mL of each

component.

Sensitivity solution—Quantitatively dilute an aliquot of the

Standard solution with Mobile phase, to obtain a solution

having concentrations of about 0.67 mg of each component

per mL.

Test solution—Accurately weigh the contents of not fewer

than 20 Capsules. Mix the contents, and transfer an accurately

weighed portion of the powder, equivalent to about 67 mg of

fenofibrate, to a 100-mL volumetric flask. Fill the flask to

about 80% with Mobile phase, sonicate for 10 minutes, stir

for 15 minutes, and dilute with Mobile phase to volume. Pass

a portion of this solution through a 0.45-mm PVDF filter,

discarding the first 5 mL. The final concentration is about

0.67 mg per mL.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the resolution, R, between fenofibrate and

fenofibrate related compound B is not less than 3.0; the

column efficiency for the fenofibrate related compound B

peak is not less than 3000 theoretical plates; and the tailing

factor is not more than 2.0. Chromatograph the Sensitivity

solution, and record the peak responses as directed for

Procedure: the signal-to-noise ratio is not less than 10 for the

fenofibrate peak. Chromatograph the Standard solution, and

record the peak responses as directed for Procedure: the

relative standard deviation for replicate injections is not more

than 2.0% for each peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of fenofibrate

related compound B relative to the fenofibrate labeled content

in the portion of Capsules taken by the formula:

100(CS /CT)(ri / rS)

in which CS is the concentration, in mg per mL, of fenofibrate

related compound B in the Standard solution; CT is the

concentration, in mg per mL, of fenofibrate in the Test

solution, based on the label claim; and ri and rS are the

responses of fenofibrate related compound B obtained from

the Test solution and the Standard solution, respectively.

Calculate the percentage of any other impurity relative to the

fenofibrate labeled content in the portion of Capsules taken by

the formula:

100(CF /CT)(ri / rF)

in which CF is the concentration, in mg per mL, of fenofibrate

in the Standard solution; CT is as defined above; ri is the peak

response of each impurity obtained from the Test solution;

and rF is the peak response of the fenofibrate, obtained from

the Standard solution. Not more than 0.5% of fenofibrate

related compound B is found; not more than 0.2% of any

other impurity is found; and not more than 2.0% of total

impurities is found.

Assay—

Buffer solution pH 2.9—Dissolve 136 g of monobasic

potassium phosphate in 1000 mL of water, and adjust with

dilute phosphoric acid (1 in 10) to a pH of 2.9+ 0.05.

Mobile phase—Prepare a mixture of methanol and Buffer

solution pH 2.9 (80 : 20). Make adjustments if necessary (see

System Suitability under Chromatography h621i).
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Standard preparation—Dissolve an accurately weighed

quantity of USP Fenofibrate RS in Mobile phase to obtain

a solution having a known concentration of about 0.067 mg

per mL.

Assay preparation—Accurately weigh the contents of not

fewer than 20 Capsules. Mix the contents, and transfer an

accurately weighed portion of the powder, equivalent to about

67 mg of fenofibrate, to a 100-mL volumetric flask. Fill the

flask to about 80% with Mobile phase, sonicate for 10

minutes, stir for 15 minutes, and dilute with Mobile phase to

volume. Quantitatively dilute 5.0 mL of this solution to 50

mL with Mobile phase, and pass a portion of this solution

through a 0.45-mm PVDF filter, discarding the first 5 mL. The

final concentration based on the label claim is about 0.067 mg

per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 285-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is not less than

6000 theoretical plates; the tailing factor is not more than 2.0;

and the relative standard deviation for replicate injections is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

the labeled amount of fenofibrate (C20H21ClO4) in the portion

of Capsules taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of fenofibrate

in the Standard preparation; CU is the concentration, in mg

per mL, of fenofibrate in the Assay preparation, based on the

label claim; and rU and rS are the peak areas obtained from the

Assay preparation and the Standard preparation, respec-

tively.~USP32

BRIEFING

Fexofenadine Hydrochloride and Pseudoephedrine
Hydrochloride Extended-Release Tablets, page 4093 of the
Second Supplement, page 1155 of PF 33(6) [Nov.–Dec. 2007],
and page 95 of PF 34(1) [Jan.–Feb. 2008]. On the basis of comments
received from an FDA-approved manufacturer, in the Related
compounds test, it is proposed to revise the limit of any other
impurity from NMT 0.1% to NMT 0.2%, and to delete the limit of
total other impurities. In addition, editorial changes and clarifications
have also been made to this test and in the Assay. It is also proposed
to delete the notation ‘‘For Nonbilayer Tablets’’ under Identification
test C on the basis of comments that Identification test C is suitable
for both bilayer and nonbilayer Tablets. Subject to consideration of
comments received during the comment period, it is proposed to
implement these revisions via an Interim Revision Announcement in
PF 34(4) [July–Aug. 2008] with an official date of August 1, 2008.
Comments regarding this proposal should be received by May 1,
2008.
Comments were also received that Identification test A is a labor-

intensive method that could fail if the opposing tablet layer is
accidentally chipped. It is proposed to delete this test. Two remaining
identification tests, based on the Thin-Layer Chromatographic
Identification Test h201i and on the HPLC retention time agreement
of the major peaks in the Assay preparation and the Standard
preparation, are sufficient for identifying the active ingredients in
this drug product. It is proposed to implement the deletion of
Identification test A via an In-Process Revision, targeted to become
official in the First Supplement to USP 32.

(MD-PS: D. Bempong) RTS—C58603; C61884

Add the following:

.Labeling—When more than one Dissolution test is given,

the labeling states the test used only if Test 1 is not used..3

Change to read:

Identification—
A: Infrared Absorption h197Ki—(FOR BILAYER TABLETS)
FEXOFENADINE HYDROCHLORIDE—
Test specimen—Grind the fexofenadine hydrochloride layer of

1 Tablet, and transfer it into a 30-mL capped centrifuge tube. Add 20
mL of 1N sodium hydroxide, mix in a vortex mixer for 1 to
2 minutes, then centrifuge for 3 to 5 minutes at approximately 2500
rpm or greater. Decant the solution, and pass through a 25-mm glass
syringe filter. Add 10 mL of 10% hydrochloric acid, and heat this
solution, with stirring, to near boiling. Cool, and centrifuge for 3 to
5 minutes. Decant and discard the liquid, wash the precipitate with
10 mL of water, and centrifuge for 1 to 2 minutes. Decant and
discard the water, and dry the precipitate in an oven for 1 hour at
1058.
Standard specimen—Transfer a quantity, in mg, of USP

Fexofenadine Hydrochloride RS, equivalent to the labeled amount
of fexofenadine hydrochloride, to a 30-mL capped centrifuge tube,
and proceed as directed for Test specimen, beginning with ‘‘Add 20
mL of 1N sodium hydroxide’’.
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PSEUDOEPHEDRINE HYDROCHLORIDE—
Test specimen—Grind the pseudoephedrine hydrochloride layer of

1 Tablet, and transfer it into a capped 30-mL centrifuge tube. Add 20
mL of 0.1N hydrochloric acid, mix on a vortex mixer for 1 to
2 minutes, and centrifuge for 3 to 5 minutes at approximately 2500
rpm or greater. Decant the solution, and pass through a 0.45-mm
nylon filter; discard the residue. Add 10 mL of 1N sodium
hydroxide, and pour it into a separatory funnel containing 15 mL of
methylene chloride. Carefully rotate and shake the funnel using care
not to form an emulsion. Allow the layers to separate for about 10
minutes. Decant the methylene chloride (lower) layer into a 50-mL
beaker, and filter through a glass funnel loaded with a glass wool
plug and 1 to 2 g of sodium sulfate. Evaporate to dryness. [NOTE—Do
not exceed 758 if a hot plate is used to aid evaporation.]
Standard specimen—Transfer a quantity, in mg, of USP

Pseudoephedrine Hydrochloride RS equivalent to the labeled
amount of pseudoephedrine hydrochloride to a 30-mL capped
centrifuge tube, and proceed as directed for Test specimen, beginning
with ‘‘Add 20 mL of 0.1N hydrochloric acid’’.
B:

&A:&1S (USP32)
The retention times of the major peaks in the chromatogram of the

Assay preparation correspond to those in the chromatogram of the
Standard preparation, as obtained in the Assay.
C:

&B:&1S (USP32)
Thin-Layer Chromatographic Identification Test h201i—(FOR NON-
BILAYER TABLETS)
.
.4
Adsorbent: 0.2-mm layer of high-performance thin-layer chro-

matographic silica gel mixture. Dry the plate at 1058 for one hour
before use.
Test solution—Weigh and finely powder not fewer than 4 Tablets.

Transfer powdered tablets equivalent to 30 mg of fexofenadine
hydrochloride and 60 mg of pseudoephedrine hydrochloride into
a suitable vessel, and add 5 mL of methanol. Cap the vessel, and
shake vigorously for about 2 minutes. Pass the resulting suspension
through a suitable 0.45-mm filter. Use the filtrate.
Fexofenadine hydrochloride standard solution—Dissolve an

accurately weighed quantity of USP Fexofenadine Hydrochloride
RS in methanol to obtain a solution having a known concentration of
about 6 mg per mL.
Pseudoephedrine hydrochloride standard solution—Dissolve an

accurately weighed quantity of USP Pseudoephedrine Hydrochloride
RS in methanol to obtain a solution having a known concentration of
about 12 mg per mL.
Application volume: 10 mL.
Developing solvent solution: a mixture of toluene, dehydrated

alcohol, and ammonium hydroxide (50 : 45 : 5).
Procedure—Proceed as directed in the chapter, using the

Developing solvent system. After removal of the plate, mark the
solvent front, and allow the plate to air-dry. Heat the plate at 1058
until the odor of ammonia disappears (approximately 5 minutes).
Allow the plate to cool, and examine under UV light at 254 nm. The
RF values are about 0.17 for fexofenadine and 0.39 for pseudoe-
phedrine. The RF value of fexofenadine hydrochloride in the test
sample is comparable to that of fexofenadine hydrochloride in the
Standard solution. The RF value of pseudoephedrine hydrochloride
in the test sample is comparable to that of pseudoephedrine
hydrochloride in the Standard solution.

Change to read:

Dissolution h711i—
.TEST 1—.3
Medium: 0.001N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Times: fexofenadine hydrochloride: 15 and 45 minutes; pseu-

doephedrine hydrochloride: 45 minutes; 3, 5, and 12 hours.
Determine the percentages of the labeled amounts of fexofenadine

hydrochloride (C32H39NO4 �HCl) and of pseudoephedrine hydrochlo-
ride (C10H15NO �HCl) dissolved by using the following method.

Buffer solution—Dissolve 14.0 g of monobasic sodium phosphate
monohydrate in 2 L of water. Adjust with 85% phosphoric acid to
a pH of 2.00+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and acetonitrile (55 : 45). Make adjustments if necessary
(see System suitability under Chromatography h621i).
Standard solution—[NOTE—A small amount of methanol, not to

exceed 0.5% of the total volume, can be used to dissolve the
fexofenadine hydrochloride.] Dissolve accurately weighed quantities
of USP Fexofenadine Hydrochloride RS and USP Pseudoephedrine
Hydrochloride RS inMedium, and dilute quantitatively, and stepwise
if necessary, to obtain a solution containing known concentrations
similar to those expected in the solution under test.
Test solution—Use portions of the solution under test passed

through a 0.45-mm nylon filter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 210-nm detector and
a 4.6-mm 6 25-cm column containing packing L6. The flow rate is
about 1.0 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the resolution,
R, between fexofenadine and pseudoephedrine is not less than 3.0;
the tailing factor is not more than 1.5 for fexofenadine and for
pseudoephedrine; and the relative standard deviation for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph, and
record the peak responses for fexofenadine and pseudoephedrine.
Calculate the amounts of fexofenadine hydrochloride
(C3 2H39NO4 �HCl) and pseudoephedrine hydrochloride
(C10H15NO �HCl) dissolved.
Tolerances—For fexofenadine hydrochloride (C32H39NO4 �HCl),

not less than 65% (Q) of the labeled amount is dissolved in 15
minutes and not less than 80% (Q) of the labeled amount is dissolved
in 45 minutes; the percentages of the labeled amount of
pseudoephedrine hydrochloride (C10H15NO �HCl) dissolved at the
times specified conform to Acceptance Table 2 under Dissolution
h711i.

Time
Amount dissolved

(average)
45 minutes not more than 36%
3 hours between 45% and 69%
5 hours between 61% and 80%
12 hours not less than 80%

.TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: 0.001N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Times: fexofenadine hydrochloride: 45 minutes; pseudo-

ephedrine hydrochloride: 30 minutes; 2, 4, and 12 hours.

Determine the percentages of the labeled amounts of

fexofenadine hydrochloride (C32H39NO4 �HCl) and of pseu-

doephedrine hydrochloride (C10H15NO �HCl) dissolved by

using the following method.

Buffer solution—Dissolve about 2.7 g of monobasic

potassium phosphate and 2.2 g of sodium 1-octanesulfonate

in 1000 mL of water. Adjust with phosphoric acid to a pH of

2.50+ 0.05.
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Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution, methanol, and acetonitrile (4 : 3 : 3). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Fexofenadine standard stock solution—Transfer about 66

mg, accurately weighed, of USP Fexofenadine Hydrochloride

RS to a 100-mL volumetric flask. Add 10 mL of methanol,

and swirl until dissolved. Add about 50 mL of Medium, and

mix. Allow the solution to equilibrate to room temperature,

and dilute with Medium to volume.

Pseudoephedrine standard stock solution—Transfer about

66 mg, accurately weighed, of USP Pseudoephedrine

Hydrochloride RS to a 100-mL volumetric flask. Add 10

mL of methanol, and swirl until dissolved. Add about 50 mL

of Medium, and mix. Allow the solution to equilibrate to

room temperature, and dilute with Medium to volume.

Working standard solution—Transfer 10.0 mL of Fexofe-

nadine standard stock solution and 20.0 mL of Pseudoe-

phedrine standard stock solution to a 100-mL volumetric

flask, dilute with Medium to volume, and mix.

Test solution—Pass a portion of the solution under test

through a suitable filter having a porosity of 0.45 mm.

Chromatographic system—The liquid chromatograph is

equipped with a 215-nm detector and a 4.6-mm 6 25-cm

column containing 5-mm packing L7. The flow rate is about

1.5 mL per minute. Chromatograph the Working standard

solution, and record the peak responses as directed for

Procedure: the resolution, R, between fexofenadine and

pseudoephedrine is not less than 2.0; the tailing factor for the

fexofenadine peak is not more than 2.0, and for the

pseudoephedrine peak, not more than 2.5; and the relative

standard deviation for replicate injections for both peaks is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Working standard solution and the Test solution into

the chromatograph, and record the peak responses for

fexofenadine and pseudoephedrine. Calculate the amounts

of fexofenadine hydrochloride (C32H39NO4 �HCl) and pseu-

doephedrine hydrochloride (C10H15NO �HCl) dissolved.

To l e rance s—For f exo f enad ine hyd roch lo r i de

(C32H39NO4 �HCl), not less than 80% (Q) of the labeled

amount is dissolved in 45 minutes; and the percentages of the

labeled amount of pseudoephedrine hydrochloride

(C10H15NO �HCl) dissolved at the times specified conform

to Acceptance Table 2 under Dissolution h711i.

Time Amount dissolved (average)

30 minutes not more than 35%

2 hours between 38% and 58%

4 hours between 56% and 76%

12 hours not less than 80%

.3

Change to read:

Related compounds—
Buffer solution, Mobile phase, System suitability preparation, and

Chromatographic system—Proceed as directed in the Assay.
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Reference solution—Use the Assay preparation.
Test solution—Use the Assay stock preparation, prepared as

directed in the Assay.
Chromatographic system (see Chromatography h621i)—Chro-

matograph the System suitability preparation as directed for
Procedure: the relative retention times are about 1.2 for ephedrone
and 1.0 for pseudoephedrine; the resolution, R, between pseudoe-
phedrine and ephedrone is not less than 1.7; and the relative standard
deviation for replicate injections is not more than 1.0% based on the
pseudoephedrine peak. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the relative
retention times are about 1.2 for fexofenadine related compound A,
3.1 for decarboxylated degradant, and 1.0 for fexofenadine; the
resolution, R, between fexofenadine and fexofenadine related
compound A is not less than 2.0; and the relative standard deviation
for replicate injections is not more than 1.0% based on the
fexofenadine peak and not more than 3.0% based on the individual
peaks for fexofenadine related compound A and decarboxylated
degradant.
Procedure—Separately inject equal volumes (about 20 mL) of the

Test solution and the Reference solution into the chromatograph,
record the chromatograms, and measure all of the peak responses.
Calculate the percentage of fexofenadine related compound A and
decarboxylated degradant in the portion of Tablets taken by the
formula:

100(CS /CT)(ri / rS)

in which CS is the concentration, in mg per mL, of either USP
Fexofenadine Related Compound A RS or decarboxylated degradant
in the Standard solution; CT is the nominal concentration, in mg per
mL, of fexofenadine

.hydrochloride.4
in the Test solution; ri is the individual peak area of either
fexofenadine related compound A or decarboxylated degradant
obtained from the Test solution; and rS is the peak area of
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fexofenadine related compound A obtained from the Standard
solution. Calculate the percentage of ephedrone in the portion of
Tablets taken by the formula:

(100/F)(CS /CT)(ri / rS)

in which F is the relative response factor for ephedrone (F is 0.394);
CS is the concentration, in mg per mL, of USP Pseudoephedrine
Hydrochloride RS in the Standard solution; CT is the nominal
concentration, in mg per mL, of pseudoephedrine

.hydrochloride.4
in the Test solution; ri is the peak height for ephedrone obtained from
the Test solution; and rS is the peak height for pseudoephedrine
obtained from the Standard solution. Calculate the percentage of any
other impurities in the portion of Tablets taken by the formula:

100ri / (25rS + rT)

in which ri is the individual peak area response for an individual
unknown impurity in the Test solution; 25 is the difference in
concentration between the Test solution and the Reference solution;
rS is the peak area response for fexofenadine

.hydrochloride.4
obtained from the Reference solution; and rT is the sum of the peak
area responses of all unknown impurities in the Test solution.
Disregard any peak below 0.05%.

Compound

Relative
Retention
Time

Acceptance
Criteria

Pseudoephedrine 1.0 —
Ephedrone 1.2a not more than 0.2%
Fexofenadine 1.0 —
Fexofenadine related
compound A

1.2b not more than 0.4%

Decarboxylated degradant1 3.1b not more than 0.2%
Impurity C2

.Tertiary dehydrated im-

purity2.4

1.8 not more than 0.2%

Any individual other
impurity

— not more than 0.1%

.not more than

0.2%.4
Total other impurities

.
.4

— not more than 0.2%

.
.4

Total impurities — not more than 0.8%

a Relative to pseudoephedrine.
b Relative to fexofenadine.
1 (+)-4-(1-Hydroxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-butyl]-
isopropylbenzene.
2 4-[4{4-(Diphenylmethylene)-1-piperidinyl}-1-hydroxybutyl]-2,2-dimethyl
phenyl acetic acid.

.2 4-[4{4-(Diphenylmethylene)-1-piperidinyl}-1-hydroxybutyl]-2,2-
dimethyl phenyl acetic acid..4

Change to read:

Assay—
Buffer solution—Dissolve 6.8 g of sodium acetate and 16.22 g of

sodium 1-octanesulfonate in water, and dilute with water to 1 L.
Adjust with glacial acetic acid to a pH of 4.6.
Mobile phase—Prepare a filtered and degassed mixture of

methanol and Buffer solution (65 : 35). Make adjustments if
necessary (see System Suitability under Chromatography h621i).

System suitability preparation—Transfer an accurately weighed
quantity, about 40 mg, of USP Pseudoephedrine Hydrochloride RS
to a 50-mL volumetric flask. Add 5 mL of tert-butylhydroperoxide
solution, and sonicate. Cover the flask opening with aluminum foil,
and place the flask in an oven at about 908 for 60 minutes. Remove
from the oven, and allow to cool. Add 35 mL of Mobile phase, and
cool to room temperature. Dilute with Mobile phase to volume, and
mix. The degradation of pseudoephedrine hydrochloride by this
process produces the related compound ephedrone.
Related compounds preparation—Dissolve accurately weighed

quantities of USP Fexofenadine Related Compound A RS and
decarboxylated degradant

.*.4

in a volume of methanol, and dilute quantitatively, and stepwise if
necessary, with Buffer solution to maintain a ratio of methanol and
Buffer solution (60 : 40). Dilute quantitatively, and stepwise if
necessary, with methanol and Buffer solution (60 : 40) to obtain
a solution having known concentrations of 0.2 mg per mL for each
component. Dilute 10.0 mL of this solution with Mobile phase to
100 mL to obtain a final solution having known concentrations of
0.02 mg per mL for each component.

Standard stock preparation—Dissolve accurately weighed
quantities of USP Fexofenadine Hydrochloride RS and USP
Pseudoephedrine Hydrochloride RS in Mobile phase, and dilute
quantitatively, and stepwise if necessary, withMobile phase to obtain
a solution having known concentrations of about 0.4 mg per mL and
0.8 mg per mL of fexofenadine

.hydrochloride.4
and pseudoephedrine

.hydrochloride,.4
respectively.
Standard preparation—Dilute 6.0 mL of the Standard stock

preparation and 15.0 mL of the Related compounds preparation
with Mobile phase to 50 mL to obtain a solution having known
concentrations of about 0.048 mg of fexofenadine hydrochloride per
mL, 0.096 mg of pseudoephedrine hydrochloride per mL, 0.006 mg
of fexofenadine related compound A per mL, and 0.006 mg of
decarboxylated degradant per mL.

Assay stock preparation—Transfer not fewer than 10 whole
Tablets to a 500-mL volumetric flask. Add 300 mL of methanol, and
shake by mechanical means at high speed for 60 minutes. Sonicate
the flask for 60 minutes at 408. Add 150 mL of Buffer solution, and
sonicate for 60 minutes at 408. Vent the flask, and vigorously shake
the flask by hand at 15-minute intervals during the mechanical
shaking and sonication steps. Cool to room temperature, and dilute
with Buffer solution to volume to obtain a solution containing
approximately 1.2 mg of fexofenadine

.hydrochloride.4
per mL and 2.4 mg of pseudoephedrine

.hydrochloride.4
per mL. Pass a portion of this solution through a filter having a 0.45-
mm or finer porosity, and use the filtrate.
Assay preparation—Dilute 4.0 mL of the Assay stock preparation

filtrate with Mobile phase to 100 mL. The final concentrations of
fexofenadine

.hydrochloride.4
and pseudoephedrine

.hydrochloride.4
are 0.048 mg per mL and 0.096 mg per mL, respectively.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 215-nm detector and
a 4.6-mm 6 5-cm column that contains 5-mm packing L6 connected
in series to a 4.6-mm 6 25-cm column that contains 5-mm packing
L11. The flow rate is about 1.5 mL per minute. The column
temperature is maintained at 358. Chromatograph the System
suitability preparation as directed for Procedure: the relative
.* Available from USP as USP Fexofenadine Related Compound C
AS, Cat# 1270446..4
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retention times are about 1.2 for ephedrone and 1.0 for pseudoe-
phedrine; the resolution, R, between pseudoephedrine and ephedrone
is not less than 1.7; and the relative standard deviation for replicate
injections is not more than 1.0% based on the pseudoephedrine peak.
Chromatograph the Standard solution,

.Standard preparation,.4
and record the peak responses as directed for Procedure: the relative
retention times are about 1.2 for fexofenadine related compound A,
3.1 for decarboxylated degradant, and 1.0 for fexofenadine; the
resolution, R, between fexofenadine and fexofenadine related
compound A is not less than 2.0; and the relative standard deviation
for replicate injections is not more than 1.0% based on the
fexofenadine peak.

Procedure—Separately inject equal volumes (about 20 mL) of the
Standard preparation and Assay preparation into the chromato-
graph, record the chromatograms, and measure the responses for the
fexofenadine and pseudoephedrine peaks. Calculate the percentage
of the label claim of fexofenadine hydrochloride (C32H39NO4 �HCl)
and pseudoephedrine hydrochloride (C10H15NO �HCl) in the portion
of Tablets taken by the formula:

100(CS /CT)(rU / rS)

in which CS is the concentration, in mg per mL, of either USP
Fexofenadine Hydrochloride RS or USP Pseudoephedrine Hydro-
chloride RS in the Standard preparation; CT is the nominal
concentration, in mg per mL, of either fexofenadine

.hydrochloride.4
or pseudoephedrine

.hydrochloride.4
in the Assay preparation; and rU and rS are the peak responses
obtained for either fexofenadine or pseudoephedrine from the Assay
preparation and the Standard preparation, respectively.

BRIEFING

Fluconazole Injection. Because there is no existing USP
monograph for this drug product, a new monograph is being
proposed. The liquid chromatographic procedures in the test for
Related compounds and in the Assay are based on analyses
performed with the 3-mm MetaChem Inertsil ODS-3 brand of L1
column. In the Assay, the retention time for fluconazole is between
6.0 and 9.0 minutes.

(MD-AA: B. Davani; MSA: R. Tirumalai) RTS—C44752

Add the following:

&Fluconazole Injection

» Fluconazole Injection is a sterile solution of

Fluconazole in a suitable vehicle. It contains not

less than 90.0 percent and not more than 110.0

percent of the labeled amount of fluconazole

(C13H12F2N6O).

Packaging and storage—Store at controlled room temper-

ature.

Labeling—Label to indicate the vehicle used.

USP Reference standards h11i—USP Endotoxin RS. USP

Fluconazole RS.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, obtained as

directed in the Assay.

Bacterial endotoxins h85i—It contains no more than 0.88

USP Endotoxin Unit per mg of fluconazole.

Sterility h71i: meets the requirements.

Other requirements—It meets the requirements under

Injections h1i.

Related compounds—

TEST 1 FOR NONPOLAR IMPURITIES—

Buffer solution and Diluent—Prepare as directed in the

Assay.

Solution A—Prepare a filtered and degassed mixture of

Buffer solution and methanol (95: 5).

Solution B—Prepare a filtered and degassed mixture of

acetonitrile and methanol (60: 40).

Mobile phase—Use a variable mixture of Solution A and

Solution B as directed in Table 1. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Table 1

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–5 77 23 isocratic

5–30 77?40 23?60 linear gradient

30–43 40?77 60?23 linear gradient

43–50 77 23 re-equilibration
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System suitability solution—Dissolve accurately weighed

quantities of 1,4-benzoquinone and USP Fluconazole RS in

Diluent to obtain a solution containing about 2.4 mg per mL

and 20 mg per mL, respectively.

Standard solution—Dilute an aliquot of the Standard

preparation, prepared as directed in the Assay, quantitatively,

and stepwise if necessary, with Diluent to obtain a solution

having a known concentration of about 2 mg per mL.

Diluted standard solution—Dilute an aliquot of the

Standard solution quantitatively, and stepwise if necessary,

with Diluent to obtain a solution having a known concentra-

tion of about 0.2 mg per mL.

Test solution—Transfer an accurately measured volume of

Injection to a suitable volumetric flask, and dilute with

Diluent to volume to obtain a solution having a known

concentration of about 1.0 mg (based on the label claim) per

mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 261-nm detector

and a 4.0-mm 6 10-cm column that contains 3-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the System suitability solution and record the peak responses

as directed for Procedure: the resolution, R, between 1,4-

benzoquinone and fluconazole is not less than 5.0; the column

efficiency using the fluconazole peak is not less than 2500

theoretical plates; and the tailing factor for the fluconazole

peak is not more than 1.5. [NOTE—The relative retention times

are about 0.5 for 1,4-benzoquinone and 1.0 for fluconazole.]

Chromatograph the Standard solution and Diluted standard

solution as directed for Procedure. The relative standard

deviation for replicate injections of the fluconazole peak in

the Standard solution is not more than 5.0%; and the ratio of

the average peak area for the fluconazole peak in the Standard

solution to that in the Diluted standard solution is between

8.0 and 12.0.

Procedure—Separately inject equal volumes (about 100

mL) of the Test solution and the Standard solution into the

chromatograph, record the chromatograms, and measure all of

the peak responses. Calculate the percentage of the largest

unknown nonpolar impurity, but not including peaks eluting

before fluconazole and not including impurities at relative

retention times of 2.00 to 2.12 and 3.14 to 3.26 in the portion

of Injection taken by the following formula:

100(ri / rS)(CS /CU)

in which ri is the peak response for the largest impurity; rS is

the peak response for the Standard solution; CS is the

concentration of fluconazole in the Standard solution; and CU

is the concentration of fluconazole in the Test solution, based

on the label claim and the extent of dilution. Calculate the

percentage of unknown nonpolar impurities by the formula:

100(rit / rS)(CS /CU)

in which rit is the peak response for the sum of peak areas of

unknown peaks, but not including peaks eluting before

fluconazole and not including impurities at relative retention

times of 2.00 to 2.12 and 3.14 to 3.26; rS is the peak response

for the Standard solution; CS is the concentration of

fluconazole in the Standard solution; and CU is the

concentration of fluconazole in the Test solution, based on

the label claim and the extent of dilution. Not more than 0.1%

of the single largest nonpolar unknown impurity is found, and

not more than 0.5% total nonpolar unknown impurities is

found. The disregarded impurities at specified relative

retention times above are process impurties monitored in

the drug substance. Furthermore, disregard any peak due to

an excipient or any peak less than 0.02%. This test is for

determination of the late-eluting peaks, and hence the early-

eluting peaks are not quantitated using this procedure.

TEST 2 FOR POLAR IMPURITIES—

Buffer solution, Diluent, Mobile phase, System suitability

preparation, and Chromatographic system—Proceed as

directed in the Assay.
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Standard solution—Dilute an aliquot of the Standard

preparation, prepared as directed in the Assay, quantitatively,

and stepwise if necessary, with Diluent to obtain a solution

having a known concentration of about 2 mg per mL.

Diluted standard solution—Dilute an aliquot of the

Standard solution quantitatively, and stepwise if necessary,

with Diluent to obtain a solution having a known concentra-

tion of about 0.2 mg per mL.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay, except chromatograph the

Standard solution and the Diluted standard solution as

directed for Procedure. The relative standard deviation for

replicate injections of fluconazole peak in the Standard

solution is not more than 5.0%; and the ratio of the average

peak area for the fluconazole peak in the Standard solution to

that in the Diluted standard solution is between 8.0 and 12.0.

Procedure—Separately inject equal volumes (about 100

mL) of the Test solution and the Standard solution into the

chromatograph, record the chromatograms, and measure all of

the peak responses. The relative retention times of known

related compounds versus fluconazole are included in Table 2.

Disregard the known related impurities from Table 2 in the

following calculation because these are process impurities

that are monitored in the drug substance. Calculate the

percentage of the single largest (polar) unknown impurity by

the formula:

100(ri / rS)(CS /CU)

in which ri is the peak response for the largest impurity; rS is

the peak response for the Standard solution; CS is the

concentration of fluconazole in the Standard solution; and CU

is the concentration of fluconazole in the Test solution, based

on the label claim and the extent of dilution. Calculate the

percentage of unknown polar impurities by the formula:

100(rt / rS)(CS /CU)

in which rt is the peak response for the total of peak areas of

all unknown peaks; rS is the peak response for the Standard

solution; CS is the concentration of fluconazole in the

Standard solution; and CU is the concentration of fluconazole

in the Test solution, based on the label claim and the extent of

dilution. Not more than 0.1% of the single largest polar

unknown impurity is found, and not more than 0.5% of the

total polar unknown impurities is found. [NOTE—Disregard

any peak due to excipient or any peak less than 0.03%.]

Table 2

Impurity Name/Compound Approximate RRT*

A (if dextrose is present) 5-Hydroxymethylfurfural 0.22–0.28

B 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-

1,2,4-triazol-1-yl)propyl)-4H-1,2,4-triazolium bro-

mide

0.30–0.36

C (if dextrose is present) Dextrose-related compound 0.37–0.43

D 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-

1,2,4-triazol-4-yl)propan-2-ol

0.47–0.59

E 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)pro-

pane-1,2-diol

0.68–0.74

F Cyclohexanone 0.77–0.83

* RRT, relative retention time.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
268 IN-PROCESS REVISION Vol. 34(2) [Mar.–Apr. 2008]



Assay—

Buffer solution—Accurately weigh about 1.64 g of anhy-

drous sodium acetate into a 2-L volumetric flask. Dissolve in

and dilute with water to volume. Adjust the pH to 5.0 with

1N acetic acid solution.

Diluent—Prepare a filtered and degassed mixture of Buffer

solution and methanol (80: 20).

Solution A—Prepare a filtered and degassed mixture of

Buffer solution and methanol (95: 5).

Solution B—Prepare a filtered and degassed mixture of

acetonitrile and methanol (60: 40).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed in Table 3. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Table 3

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–9 80 20 isocratic

9–15 80?15 20?85 linear gradient

15–18 15?80 85?20 linear gradient

18–25 80 20 re-equilibration

System suitability preparation—Dissolve suitable quantities

of benzyl alcohol and USP Fluconazole RS in Diluent to

obtain a solution, each containing about 0.04 mg per mL.

Standard preparation—Dissolve an accurately weighed

quantity of USP Fluconazole RS in Diluent, and dilute

stepwise if necessary, with Diluent to obtain a solution having

a known concentration of about 0.2 mg per mL.

Assay preparation—Transfer an accurately measured

volume of Injection to a suitable volumetric flask, dilute

with Diluent to volume to obtain a solution having a known

concentration of about 0.2 mg (based on the label claim) per

mL, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 261-nm detector

and a 4.0-mm 6 10-cm column that contains 3-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the System suitability preparation, and record the peak

responses as directed for Procedure: the resolution, R,

between benzyl alcohol and fluconazole is not less than 1.8;

the column efficiency using the fluconazole peak is not less

than 4000 theoretical plates; and the tailing factor for the

fluconazole peak is not more than 1.5. [NOTE—The relative

retention times are about 0.8 for benzyl alcohol and 1.0 for

fluconazole.] Chromatograph the Standard preparation as

directed for Procedure: the relative standard deviation for

replicate injections of the fluconazole peak is not more than

2.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Assay preparation and the Standard preparation

into the chromatograph, record the chromatograms, and

measure all of the peak responses. Calculate the percentage of

the labeled amount of fluconazole (C13H12F2N6O) in the

Injection by the formula:

100(ri / rS)(CS /CU)

in which ri is the peak response for fluconazole; rS is the peak

response for the Standard preparation; CS is the concentra-

tion, in mg per mL, of USP Fluconazole RS in the Standard

preparation; and CU is the is the concentration of fluconazole

in the Assay preparation, based on the labeled claim and the

extent of dilution.&1S (USP32)
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BRIEFING

Fosphenytoin Sodium, USP 30 page 2193. It is proposed to
clarify the system suitability requirements for both the Related
Compounds test and Assay test. The current text has led to frequent
questions because of inappropriate references to the components that
are not to be present in the Standard preparation. Specific changes
are given below:
1. Require the analyst to chromatograph the Standard solution to

identify the related compounds peaks and determine the
resolution between phenytoin and phenytoin related compound
B. Add the relative standard deviation for phenytoin related
compound B as an additional system suitability parameter.

2. Remove the reference to the phenytoin peak in the Assay
section because the Standard preparation does not contain
phenytoin. Revise the calculations in the Assay to be consistent
with the Stimuli article in PF 31(2) page 626.

(MDPP: R. Ravichandran) RTS—C51349

Change to read:

Related compounds—
Buffer solution and Mobile phase and Chromatographic system

&

&1S (USP32)
—Proceed as directed in the Assay.
Standard solution—Dissolve accurately weighed quantities of

USP Phenytoin Related Compound A RS, USP Phenytoin Related
Compound B RS, and USP Phenytoin RS in Mobile phase; and
dilute quantitatively, and stepwise if necessary, with Mobile phase to
obtain a solution having known concentrations of about 3.0 mg per
mL, 3.0 mg per mL, and 1.5 mg per mL, respectively.
Test solution—Transfer about 150 mg of Fosphenytoin Sodium,

accurately weighed, to a 50-mL volumetric flask, dissolve in and
dilute with Mobile phase to volume, and mix.

&Chromatographic system—Prepare as directed in the

Assay. Chromatograph the Standard solution, and record the

peak response as directed for Procedure: identify the peaks

due to phenytoin related compound A, phenytoin, and

phenytoin related compound B; the order of elution is

phenytoin related compound A, phenytoin, followed by

phenytoin related compound B; the resolution, R, between

phenytoin and phenytoin related compound B is not less than

2.0; and the relative standard deviation is not more than

5.0%.&1S (USP32)
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms for not less than six times the retention
time of the major peak, and measure all the peak responses.

&The order of elution is phenytoin related compound A,

phenytoin, followed by phenytoin related compound B,

followed by the major peak due to fosphenytoin.&1S (USP32)

Calculate the percentage of phenytoin, phenytoin related compound
B, and phenytoin related compound A, if present, in the portion of
Fosphenytoin Sodium taken by the formula:

100(CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL, of the USP
Reference Standard of the respective impurity in the Standard
solution; CU is the concentration, in mg per mL, of Fosphenytoin
Sodium in the Test solution; and ri and rS are the peak responses for
each impurity obtained from the Test solution and the Standard
solution, respectively: not more than 0.1% of phenytoin is found; not
more than 0.1% of any other impurity is found; and not more than
0.5% of total impurities is found. [NOTE—Use the peak area and
concentration of USP Phenytoin RS in the Standard solution as rS
and CS, respectively, to calculate the percentage of the unknown
impurities.]

Change to read:

Assay—
Buffer solution—Dissolve 6.80 g of monobasic potassium phos-

phate and 30 mL of 0.5M dodecyltriethylammonium phosphate in
900 mL of water, adjust with 1.5M phosphoric acid to a pH of about
5.0, dilute with water to 1000 mL, mix, and filter.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and acetonitrile (13 : 7). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Standard preparation—Dissolve an accurately weighed quantity

of USP Fosphenytoin Sodium RS in Mobile phase, and dilute
quantitatively, and stepwise if necessary, withMobile phase to obtain
a solution having a known concentration of about 0.15 mg per mL.
Assay preparation—Transfer about 150 mg of Fosphenytoin

Sodium, accurately weighed, to a 50-mL volumetric flask, dissolve
in and dilute withMobile phase to volume, and mix. Transfer 5.0 mL
of this solution to a 100-mL volumetric flask, dilute with Mobile
phase to volume, and mix

&to obtain a solution having a nominal concentration of about

0.15 mg per mL.&1S (USP32)
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 214-nm detector and
a 3.9-mm 6 15-cm column that contains 5-mm packing L1. The
flow rate is about 1 mL per minute. Chromatograph the Standard
preparation, and record the peak responses as directed for
Procedure:the relative retention times are about 0.5 for phenytoin
and 1.0 for fosphenytoin sodium;

&

&1S (USP32)
the column efficiency determined from fosphenytoin sodium is not
less than 5000 theoretical plates; the tailing factor for the
fosphenytoin sodium peak is not more than 1.6; and the relative
standard deviation for replicate injections is not more than 0.5%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg,

&in percentage,&1S (USP32)
of C16H13N2Na2O6P in the portion of Fosphenytoin Sodium taken by
the formula:

1000C(rU / rS)

in which C

&100(CS /CU)(rU / rS)

in which CS&1S (USP32)
is the concentration, in mg per mL, of USP Fosphenytoin Sodium
RS in the Standard preparation;
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&CU is the nominal concentration of fosphenytoin, in mg per

mL, in the Assay preparation;&1S (USP32)
and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively.

BRIEFING

Hydroxyzine Pamoate, USP 30, page 2317. As a part of
monograph modernization, the following changes are proposed for
this monograph:
1. To replace a nonspecific UV based Identification test A with

a more specific IR spectroscopic test procedure.
2. To replace the nonspecific TLC based Identification test B with

a more specific, stability indicating HPLC retention time
agreement of the major peak as obtained in the Assay test,
which is already a test in this monograph.

3. To delete the redundant Pamoic acid content test. Pamoate, the
counter ion in the drug substance can be identified with a more
specific IR identification test.

4. To revise the formula in the Assay to be consistent with the
recommendation in Stimuli article in PF 31(2), page 626.

5. To change the limit for Heavy metals from 0.005% to 0.002%
and the limit for Residue on ignition from 0.5% to 0.1%, to be
consistent with current ICH specifications.

(MDPP: R. Ravichandran; H. Ramanathan) RTS— C56557

Change to read:

Identification—
A: Transfer about 85 mg (equivalent to about 50 mg of

hydroxyzine hydrochloride) to a separator containing 25 mL of 1N
sodium hydroxide, and extract with three 20-mL portions of
chloroform. Evaporate the combined chloroform extracts on
a steam bath with the aid of a current of air to dryness, and dissolve
the residue in 0.1N hydrochloric acid to make 100 mL. Dilute a 1-
mL portion of this solution with 0.1N hydrochloric acid to 50 mL:
the UV absorption spectrum of the solution so obtained exhibits
maxima and minima at the same wavelengths as that of a 1 in
100,000 solution of USP Hydroxyzine Hydrochloride RS in 0.1N
hydrochloric acid, concomitantly measured.
B: Prepare a solution of it in a mixture of equal volumes of

0.1N sodium hydroxide and acetone containing 2 mg per mL. Apply
10 mL of this solution and 10 mL of a solution of USP Hydroxyzine
Pamoate RS in the same medium, having a concentration of 2 mg per
mL to a suitable thin-layer chromatographic plate (see Chromatog-
raphy h621i) coated with a 0.50-mm layer of chromatographic silica
gel. Allow the spots to dry, and develop the chromatogram in 0.1N
hydrochloric acid until the solvent front has moved about three-
fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and locate the spots on
the plate by viewing under long-wavelength UV light: the RF value
of the principal spot, representing the pamoate moiety, obtained from
the test solution corresponds to that obtained from the Standard
solution. Spray the plate lightly with potassium iodoplatinate TS: the
RF value of the principal spot, representing the hydroxyzine moiety,
obtained from the test solution corresponds to that obtained from the
Standard solution.

&A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&1S (USP32)

Change to read:

Residue on ignition h281i: not more than 0.5%

&0.1%.&1S (USP32)

Change to read:

Heavy metals, Method II h231i: 0.005%.

&0.002%.&1S (USP32)

Delete the following:

&Pamoic acid content—Dissolve an accurately weighed quantity of
USP Pamoic Acid RS in dimethylformamide to obtain a solution
having a known concentration of about 0.45 mg per mL. Transfer 2.0
mL of the resulting solution to a 50-mL volumetric flask, dilute with
Mobile phase, prepared as directed in the Assay, to volume, and mix.
Filter through a membrane filter of 0.5 mm or finer porosity to obtain
the Standard preparation. Chromatograph this Standard preparation
as directed in the Assay. From the chromatogram of the Assay
preparation obtained in the Assay, calculate the quantity, in mg, of
pamoic acid (C23H16O6) in the portion of Hydroxyzine Pamoate taken
by the formula:

2500C(rU / rS),

in which C is the concentration, in mg per mL, of USP Pamoic Acid
RS in the Standard preparation, and rU and rS are the pamoic acid
peak responses obtained from the Assay preparation and the
Standard preparation, respectively: the content of pamoic acid is
between 49.4% and 51.9%, calculated on the anhydrous
basis.&1S (USP32)

Change to read:

Assay—
Mobile phase—Dissolve 8.65 g of sodium 1-octanesulfonate in

about 1000 mL of water in a 2000-mL volumetric flask, add 4.0 mL
of phosphoric acid, dilute with water to volume, mix, and pass
through a 0.5-mm or finer porosity membrane filter. Prepare a suitable
mixture of this solution and acetonitrile (45 : 55), making any
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard preparation—Dissolve an accurately weighed quantity

of USP Hydroxyzine Hydrochloride RS in dimethylformamide to
obtain a solution having a known concentration of about 1 mg per
mL. Transfer 2.0 mL of the resulting solution to a 100-mL
volumetric flask, dilute with Mobile phase to volume, mix, and
pass through a 0.5-mm or finer porosity membrane filter.
Assay preparation—Transfer about 90 mg of Hydroxyzine

Pamoate, accurately weighed, to a 50-mL volumetric flask, dissolve
in and dilute with dimethylformamide to volume, and mix. Transfer
2.0 mL of the resulting solution to a 100-mL volumetric flask, dilute
with Mobile phase to volume, mix, and pass through a 0.5-mm or
finer porosity membrane filter, discarding the first 5 mL of the
filtrate.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 230-nm detector and
a 3.9-mm 6 30-cm column that contains packing L1. The flow rate
is about 1.5 mL per minute. Chromatograph the Standard
preparation, and record the peak responses as directed for
Procedure: the column efficiency, calculated from the analyte
peak, is not less than 2000 theoretical plates, and the relative
standard deviation for replicate injections is not more than 2%.
Chromatograph the Assay preparation, and record the peak
responses as directed for Procedure: the resolution, R, between
hydroxyzine and pamoic acid is not less than 1.5.
Procedure— Separately inject equal volumes (about 50 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. The relative retention times are about 0.5 for
hydroxyzine and 1.0 for pamoic acid. Calculate the quantity, in mg,
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&percentage&1S (USP32)
of C21H27ClN2O2 �C23H16O6 in the portion of Hydroxyzine Pamoate
taken by the formula:

2500(763.27 / 447.83)C(rU / rS),

&100(763.27 / 447.83)(CS /CU)(rU / rS)&1S (USP32)

in which 763.27 and 447.83 are the molecular weights of
hydroxyzine pamoate and hydroxyzine hydrochloride, respectively;
C is the concentration, in mg per mL, of USP Hydroxyzine
Hydrochloride RS in the Standard preparation

&CS is the concentration, in mg per mL, of USP Hydroxyzine

Hydrochloride RS in the Standard preparation; CU is the

concentration, in mg per mL, of Hydroxazine Pamoate in the

Assay preparation;&1S (USP32)
and rU and rS are the hydroxyzine peak responses obtained from the
Assay preparation and the Standard preparation, respectively.

BRIEFING

Hydroxyzine Pamoate Capsules, USP 30 page 2318. As a part
of monograph modernization, the following changes are proposed
for the monograph:
1. To remove the cross-reference to Hydroxyzine Pamoate, under

the Identification test.
2. To replace the nonspecific, TLC-based Identification test with

a more specific, stability-indicating HPLC retention time
agreement of the major peak in the Assay test, which is already
a test in this monograph.

3. To revise the formula in the Assay to be consistent with the
recommendation in the Stimuli article in PF 31(2) page 626.

4. To modify the Procedure under Assay to be consistent with new
monograph style guidelines.

(MDPP: R. Ravichandran; H. Ramanathan) RTS—C56557

Change to read:

Identification—Dissolve a portion of the contents of Capsules,
equivalent to about 100 mg of hydroxyzine pamoate, in a mixture of
25 mL of 0.1N sodium hydroxide and 25 mL of acetone, and filter:
a 10-mL portion of the filtrate responds to Identification test B under
Hydroxyzine Pamoate.

&The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromato-

gram of the Standard preparation, as obtained in the

Assay.&1S (USP32)

Change to read:

Assay—
Mobile phase—Dissolve 7.0 g of monobasic sodium phosphate in

1000 mL of water, and adjust with phosphoric acid to a pH of 4.4.
Pass the solution through a 5-mm porosity polytef membrane filter.
Mix 900 mL of the filtrate with 900 mL of methanol, and degas by
stirring under vacuum prior to use.

Standard preparation—Dissolve an accurately weighed quantity
of USP Hydroxyzine Pamoate RS in methanol to obtain a solution
having a known concentration of about 0.18 mg per mL (equivalent
to about 0.1 mg of hydroxyzine hydrochloride per mL).
Assay preparation—Transfer, as completely as possible, the

contents of not less than 20 Capsules to a tared beaker, and
determine the average weight per capsule. Mix the combined
contents, and transfer an accurately weighed portion, equivalent to
about 25 mg of hydroxyzine hydrochloride, to a 250-mL volumetric
flask. Add 200 mL of methanol to the flask, sonicate for 5 minutes,
shake by mechanical means for 30 minutes, and sonicate for
2 minutes. Dilute with methanol to volume, and mix. Filter the
solution through a 5-mm porosity polytef membrane filter equipped
with a glass fiber prefilter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 232-nm detector and
a 4.6-mm 6 25-cm column that contains packing L9. The flow rate
is about 2.5 mL per minute. Chromatograph four replicate injections
of the Standard preparation, and record the peak responses as
directed under Procedure: the relative standard deviation is not more
than 2.0%.
Procedure—Separately inject equal volumes (about 25 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, by means of a suitable microsyringe or sampling valve

&

&1S (USP32)
record the chromatograms, and measure the responses for the major
peaks. The retention time is about 6 minutes for hydroxyzine.
Calculate the equivalent quantity, in mg,

&in percentage,&1S (USP32)
of hydroxyzine hydrochloride (C21H27ClN2O2 � 2HCl) in the portion
of Capsules taken by the formula:

(447.83 / 763.27)(250C)(rU / rS)

&100(447.83 / 763.27)(CS /CU)(rU / rS)&1S (USP32)

in which 447.83 and 763.27 are the molecular weights of
hydroxyzine hydrochloride and hydroxyzine pamoate, respectively;
C is the concentration, in mg per mL, of USP Hydroxyzine Pamoate
RS in the Standard preparation

&CS is the concentration, in mg per mL, of USP Hydroxyzine

Pamoate RS in the Standard preparation; CU is the

concentration, in mg per mL, of hydroxazine pamoate in

the Assay preparation;&1S (USP32)
and rU and rS are the peak responses

&of hydroxyzine pamoate&1S (USP32)
obtained from the Assay preparation and the Standard preparation,
respectively.
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BRIEFING

Hydroxyzine Pamoate Oral Suspension USP 30, page 2318. As
a part of monograph modernization, the following changes are
proposed for the monograph:
1. To remove the cross-reference to Hydroxyzine Pamoate, under the
Identification test.
1. To replace the non specific TLC based Identification test with
a more specific, stability indicating HPLC retention time agreement
of the major peak as obtained in the Assay test which is already a test
in this monograph.
2. To remove the cross references to Hydroxyzine Pamoate Capsules
monograph for Mobile phase, Standard preparation, Procedure, and
Chromatographic system sections for the Assay test and to add these
sections to the monogrpah to provide clarity.
3. To revise the formula in the Assay to be consistent with the
recommendation in Stimuli article in PF 31(2), Page 626.

(MDPP: H.Ramanathan; R.Ravichandran) RTS—C56561

Identification—Dissolve a portion of Oral Suspension, equivalent to
about 100 mg of hydroxyzine pamoate, in a mixture of 25 mL of
0.1N sodium hydroxide and 25 mL of acetone, and filter: a 10-mL
portion of the filtrate responds to Identification test B under
Hydroxyzine Pamoate.

&The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromato-

gram of the Standard preparation, as obtained in the

Assay.&1S (USP32)

Assay—
Mobile phase, Standard preparation, and Chromatographic

system—Prepare as directed in the Assay under Hydroxyzine
Pamoate Capsules.

&Mobile phase—Dissolve 7.0 g of monobasic sodium

phosphate in 1000 mL of water, and adjust with phosphoric

acid to a pH of 4.4. Pass the solution through a 5-mm porosity

polytef membrane filter. Mix 900 mL of the filtrate with 900

mL of methanol, and degas by stirring under vacuum prior to

use.

Standard preparation—Dissolve an accurately weighed

quantity of USP Hydroxyzine Pamoate RS in methanol to

obtain a solution having a known concentration of about 0.18

mg per mL (equivalent to about 0.1 mg of hydroxyzine

hydrochloride per mL).&1S (USP32)

Assay preparation—Transfer an accurately measured volume of
Oral Suspension, freshly mixed and free from air bubbles, equivalent
to about 25 mg of hydroxyzine hydrochloride, to a 250-mL
volumetric flask. Dissolve in and dilute with methanol to volume,
and mix. Pass this solution through a polytef membrane filter having
a 1-mm or finer porosity.

&Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 232-nm detector

and a 4.6-mm 6 25-cm column that contains packing L9.

The flow rate is about 2.5 mL per minute. Chromatograph

four replicate injections of the Standard preparation, and

record the peak responses as directed for Procedure: the

relative standard deviation is not more than 2.0%.&1S (USP32)
Procedure—Proceed as directed for Procedure in the Assay under

Hydroxyzine Pamoate Capsules.

&Separately inject equal volumes (about 25 mL) of the

Standard preparation and the Assay preparation in to the

chromatograph, record the chromatograms, and measure the

responses for the major peaks.&1S (USP32)
Calculate the equivalent quantity, in mg,

&in percentage,&1S (USP32)
of hydroxyzine hydrochloride (C21H27ClN2O2 � 2HCl) in each mL

&in the portion&1S (USP32)
of the Oral Suspension taken by the formula:

(447.83/763.27)(250C/V)(rU / rS)

&100(447.83 / 763.27)(Cs /Cu)(ru / rs)&1S (USP32)

in which V is the volume, in mL, of Oral Suspension taken; and the
other terms are as defined therein.

&in which 447.83 and 763.27 are the molecular weights of

hydroxyzine hydrochloride and hydroxyzine pamoate respec-

tively; CS is the concentration, in mg per mL, of USP

Hydroxyzine Pamoate RS in the Standard preparation; and

CU is the concentration, in mg per mL, of hydroxyzine

pamoate in the Assay preparation; rU and rS are the peak

responses of the hydroxyzine peak obtained from the

Assay preparation and the Standard preparation,

respectively.&1S (USP32)
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BRIEFING

Isotretinoin Capsules, USP 30 page 2428 and page 666 of PF
33(4) [July–Aug. 2007]. On the basis of comments received, it is
proposed to revise the current Assay test method. The proposed
Assay method is validated and provides a much simpler Assay
preparation and more accurate assay results. The liquid chromato-
graphic procedure in the Assay is based on analyses performed with
a Whatman Partisil ODS1, 10-mm brand of L1 column. The typical
retention time reported for isotretinoin is about 11 minutes. The
Assay is referenced in the test procedure for Chromatographic
purity, therefore the Chromatographic purity is revised accordingly.

(MD-OOD: F. Mao) RTS—C51369

Add the following:

&Dissolution h711i—

Medium—

STAGE 1: simulated gastric fluid with pepsin, prepared

freshly and purged with nitrogen.

STAGE 2: 0.13N sodium hydroxide, prepared by transfer-

ring 5 g of sodium hydroxide to a 1-L volumetric flask and

dissolving in and diluting with water to volume. Prepare

fresh, and purge with nitrogen.

Apparatus (see Disintegration h701i)—No disks; the

apparatus is adjusted so that the bottom of the basket-rack

assembly descends to 1.0+ 0.1 cm from the inside bottom

surface of the vessel on the downward stroke; the 10-mesh

stainless steel cloth in the basket-rack assembly is replaced

with a 40-mesh stainless steel cloth; a 10-mesh stainless-steel

cloth is fitted to the top of the basket-rack assembly.

Time: 60 minutes.

Standard solution—Transfer about 10 mg of USP Isotret-

inoin RS, accurately weighed, to a 200-mL low-actinic

volumetric flask; add 25.0 mL of Stage 1Medium and about

150 mL of Stage 2Medium; sonicate until completely

dissolved (about 20 minutes); and dilute with Stage

2Medium to volume. Pass 20 mL of this solution through

a suitable filter, discarding the first 5 mL. Dilute 5.0 mL of the

filtrate with Stage 2Medium to 50 mL.

Sample solution—Perform a dissolution test on each of

6 Capsules: place 1 Capsule in one of the tubes in each of six

basket-rack assemblies. Place each basket in a 1-L beaker

containing 100 mL of Stage 1Medium in a bath having

a temperature of 37.0+ 0.58. Allow to stand for 30 minutes.

Carefully add 800 mL of Stage 2Medium to each beaker.

With the disintegration apparatus operating, connect each

basket-rack assembly to the drive rod in a timed sequence.

After 60 minutes, withdraw 20 mL of Medium (Stage 1 and

Stage 2), immediately pass the solution through a suitable

0.45-mm filter, discard the first 5 mL, and collect the solution

in argon-charged, low-actinic glassware. Dilute, if necessary,

using low-actinic glassware, with Stage 2Medium, to obtain

a theoretical concentration of about 0.0055 mg per mL of

isotretinoin, assuming complete dissolution, based on the

label claim.

Capsule shell correction—Empty the contents of 3 Cap-

sules. Wash the capsule shells in several 20-mL aliquots of

chloroform. Allow the capsule shells to air dry. Place the

capsule shells in a 1-L flask containing 100 mL of Stage

1Medium and 800 mL of Stage 2Medium. Allow the flask to

stand for about 1 hour in a bath having a temperature of

37.0+ 0.58, stirring occasionally. Filter, and dilute as

described for Sample solution.

Procedure—Determine the amount of C20H28O2 dissolved

by employing UV absorption at the wavelength of maximum

absorbance at about 343 nm, in portions of the Sample

solution in comparison with the Standard solution, correcting

for the capsule shell absorbance, and using Medium (Stage

1 and Stage 2) as the blank. Calculate the percentage of

C20H28O2 dissolved by the formula:

in which AU, ACS, and AS are the absorbances obtained from the

Sample solution, the Capsule shell correction, and the

Standard solution, respectively; CS is the concentration, in
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mg per mL, of the Standard solution; DU is the dilution factor

of the Sample solution; 100 is the conversion factor to

percentage; and LC is the Capsule label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C20H28O2 is dissolved in 60 minutes.&2S (USP31)

Change to read:

Chromatographic purity—
Methylene chloride reagent and Mobile phase—Proceed as

directed in the Assay.

&Methylene chloride reagent—Transfer 50 g of sodium

bicarbonate to 1000 mL of methylene chloride, shake, and

allow to stand overnight. At the time of use, filter suitable

portions of this solution, and add 10 mg of butylated

hydroxytoluene per mL.

Mobile phase—Prepare a filtered and degassed mixture of

hexanes, ethyl acetate, and glacial acetic acid (970 : 30 : 0.1).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability solution—Dissolve accurately weighed

quantities of USP Isotretinoin RS and USP Tretinoin RS in

Methylene chloride reagent to obtain a solution having

known concentrations of about 1 mg of each Reference

Standard per mL. Transfer 1.0 mL of this solution, and dilute

quantitatively with hexanes to 100.0 mL to obtain a solution

having known concentrations of about 0.01 mg of each

Reference Standard per mL.&1S (USP32)
Standard solution—Dissolve an accurately weighed quantity of

USP Tretinoin RS in Methylene chloride reagent to obtain a solution
having a known concentration of about 0.5 mg per mL. Dilute an
accurately measured volume of this solution quantitatively, and
stepwise if necessary, with hexanes to obtain a solution having
a known concentration of about 1 mg per mL.
Test solution—Transfer 50.0 mL of the stock solution retained

from the Assay preparation

&Weigh a number of Capsules, equivalent to about 200 mg of

isotretinoin. With a sharp blade, carefully open the Capsules,

without loss of material, and transfer the contents by pipetting

5 mL of Methylene chloride reagent over each Capsule and

rinsing with hexanes. Collect the washings in a 500-mL

volumetric flask, dilute with hexanes to volume, and mix.

Transfer 50.0 mL of this solution&1S (USP32)
to a 200-mL volumetric flask, dilute with hexanes to volume, and
mix to obtain a solution having a concentration of about 0.1 mg of
isotretinoin per mL.

Chromatographic system—Proceed as directed in the Assay, using
the Standard preparation prepared in the Assay.

&Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 365-nm detector

and a 4.6-mm 6 25-cm column containing packing L3. The

flow rate is about 1 mL per minute. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure: the relative retention times for

isotretinoin and tretinoin are about 0.75 and 1.00, respec-

tively; the resolution, R, between isotretinoin and tretinoin is

not less than 3.0; the tailing factor for the isotretinoin peak is

not greater than 2.5; and the relative standard deviation for

replicate injections is not more than 2.0%.&1S (USP32)
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph, and
allow the Test solution to elute for not less than two times the
retention time of isotretinoin. Record the chromatograms, and
measure the peak responses: the peak response for any impurity is
not more than that of the tretinoin response obtained from the
Standard solution (1.0%); and the sum of all the peak responses,
excluding that of isotretinoin, obtained from the Test solution, is not
more than 1.5 times the tretinoin response obtained from the
Standard solution (1.5%).

Change to read:

Assay—
Methylene chloride reagent—Transfer 50 g of sodium bicarbonate

to 1000 mL of methylene chloride, shake, and allow to stand
overnight. At the time of use, filter suitable portions of this solution,
and add 10 mg of butylated hydroxytoluene per mL.
Mobile phase—Prepare a filtered and degassed mixture of

hexanes, ethyl acetate, and glacial acetic acid (970 : 30 : 0.1). Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard preparation—Dissolve accurately weighed quantities of

USP Isotretinoin RS and USP Tretinoin RS in Methylene chloride
reagent to obtain a solution having known concentrations of about
1 mg of each Reference Standard per mL. Transfer 1.0 mL of this
solution, and dilute quantitatively with hexanes to 100.0 mL to
obtain a solution having known concentrations of about 0.01 mg of
each Reference Standard per mL.
Assay preparation—Weigh an accurately counted number of

Capsules, equivalent to about 200 mg of isotretinoin, and calculate
the average weight per Capsule. With a sharp blade, carefully open
the Capsules, without loss of material, and transfer the contents by
pipetting 5 mL of Methylene chloride reagent over each Capsule and
rinsing with hexanes. Collect the washings in a 500-mL volumetric
flask, dilute with hexanes to volume, and mix. [NOTE—Reserve
a portion of this stock solution for the Chromatographic purity test.]
Transfer 5.0 mL of the stock solution to a 200-mL volumetric flask,
dilute with hexanes to volume, and mix to obtain a solution having
a concentration of 0.01 mg of isotretinoin per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 365-nm detector and
a 4.6-mm 6 25-cm column containing packing L3. The flow rate is
about 1 mL per minute. Chromatograph the Standard preparation,
and record the peak responses as directed for Procedure: the relative
retention times for isotretinoin and tretinoin are about 0.75 and 1.00,
respectively; the resolution, R, between isotretinoin and tretinoin is
not less than 3.0; the tailing factor for the isotretinoin peak is not
greater than 2.5; and the relative standard deviation for replicate
injections is not more than 2.0%.
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Procedure—Separately inject equal volumes (about 20 mL) of the
Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of isotretinoin
(C20H28O2) in each of the Capsules taken by the formula:

20,000(C/N)(rU / rS)

in which C is the concentration, in mg per mL, of USP Isotretinoin
RS in the Standard preparation; N is the number of Capsules taken;
and rU and rS are the isotretinoin peak responses obtained from the
Assay preparation and the Standard preparation, respectively.

&[NOTE—Protect the System suitability solution, the Standard

preparation, the Assay stock preparation, and the Assay

preparation from direct light.]

Diluent—Heat 0.1N sodium hydroxide to about 608 to 708.

Cool it to room temperature and purge with helium or

nitrogen. Store it in the plastic container.

Solvent A—Prepare a solution of 0.5% acetic acid in

methanol.

Solvent B—Prepare a solution of 0.5% acetic acid in water.

Mobile phase—Prepare a mixture of Solvent A and Solvent

B (71 : 29). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

System suitability solution—Dissolve suitable quantities of

USP Isotretinoin RS and USP Tretinoin RS in Diluent to

obtain a solution having known concentrations of about 0.04

mg per mL of isotretinoin and 0.02 mg per mL of tretinoin.

Standard preparation—Dissolve an accurately weighed

quantity of USP Isotretinoin RS in Diluent, and dilute with

Diluent, stepwise if necessary, to obtain a solution having

a known concentration of about 0.04 mg per mL.

Assay stock preparation—Transfer not less than 10

Capsules to a suitable volumetric flask. Add Diluent to the

volumetric flask to fill about 50% of the volume, sonicate for

1 hour with occasional shaking to disperse all the contents,

and make up the volume with Diluent to obtain a solution

having a known concentration of about 0.4 mg per mL of

isotretinoin.

Assay preparation—Transfer 5 mL of the Assay stock

preparation to a 50-mL volumetric flask, and dilute with

Diluent to volume. Pass the solution through a suitable 0.45-

mm or finer porosity membrane filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 353-nm detector

and a 4.6-mm 6 25-cm column containing packing L1. The

flow rate is about 1.5 mL per minute. Chromatograph the

System suitability solution, and record the peak areas as

directed for Procedure: the relative retention times for

isotretinoin and tretinoin are about 1.0 and 1.3, respectively;

the resolution, R, between isotretinoin and tretinoin is not less

than 2.0; the tailing factor for the isotretinoin peak is not

greater than 2.0; and the column efficiency determined from

the isotretinoin peak is not less than 2000. Chromatograph the

Standard preparation, and record the peak areas as directed

for Procedure: the relative standard deviation for replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the areas for the major peaks. Calculate the quantity, in mg, of

isotretinoin (C20H28O2) in each of the Capsules taken by the

formula:

10(CV/N)(rU / rS)

in which C is the concentration, in mg per mL, of isotretinoin

in the Standard preparation; V is the volume, in mL, of the

volumetric flask used to prepare the Assay stock preparation;

N is the number of Capsules taken; and rU and rS are the

isotretinoin peak areas obtained from the Assay preparation

and the Standard preparation, respectively.&1S (USP32)
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BRIEFING

Ivermectin and Pyrantel Pamoate Tablets. Because there is no
existing USP monograph for this article, a new monograph is being
proposed based upon validated procedures. The Assay for ivermectin
is an HPLC procedure based upon analyses using a Grace-Vydac
Apex Octadecyl brand of 4.6-mm 6 25-cm, 5-mm particle size
column that contains packing L1. The HPLC procedure in the Assay
for pyrantel pamoate is based on analyses performed using an
Agilent Zorbax-Sil brand of 4.6-mm 6 25-cm, 5-mm particle size
column that contains packing L3.

(VET: I. DeVeau) RTS—C54583

Add the following:

&Ivermectin and Pyrantel Pamoate
Tablets

» Ivermectin and Pyrantel Pamoate Tablets contain

not less than 90.0 percent and not more than 115.0

percent of the labeled amount of ivermectin

components H2B1a (C48H74O14) plus H2B1b

(C47H72O14) and not less than 90.0 percent and

not more than 110.0 percent of the labeled amount

of pyrantel pamoate (C34H30N2O6S).

Packaging and storage—Preserve in tight containers,

protected from light, at a temperature not exceeding 308,

and avoid freezing.

Labeling—Label Tablets to indicate that they are intended for

veterinary use only. Tablets that can be chewed are so labeled.

USP Reference standards h11i—USP Ivermectin RS. USP

Pyrantel Pamoate RS.

Identification—The retention times of the two major

ivervectin peaks in the chromatogram of the Assay prepara-

tion correspond to those in the chromatogram of the Standard

preparation, obtained as directed in the Assay for ivermectin.

The retention time of the pyrantel peak in the chromatogram

of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, obtained as

directed in the Assay for pyrantel pamoate.

Microbial limits h61i—The total aerobic microbial count

does not exceed 1000 cfu per g, and the total combined molds

and yeasts count does not exceed 100 cfu per g. Tablets meet

the requirements of the test for absence of Escherichia coli.

Uniformity of dosage units h905i: meet the requirements.

pH h791i: between 4.0 and 6.0, in a solution prepared as

follows. Grind about 15 g of Tablets in a blender. Transfer

10 g of the coarse powder thus obtained to a blender jar, add

250 mL of water, previously adjusted to a pH of 7.0 with

0.01N sodium hydroxide, and blend for about 5 minutes.

Allow to settle, and filter a portion of the supernatant.

Determine the pH of the filtrate.

Assay for ivermectin—

Mobile phase—Prepare a mixture of acetonitrile, methanol,

0.05 M monobasic sodium phosphate, and water

(1130 : 670 : 200 : 5), adjust with phosphoric acid to a pH of

3.0, and degas. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Diluent—Prepare a mixture of methanol and water (95 : 5).

Alumina column—Add about 30 mL of water to about 500

mg of anhydrous alumina, and shake for about 2 hours on

a reciprocating shaker. Add about 4 g of the resulting

suspension to a 10-mm 6 10-cm chromatographic tube

fitted with a stopcock, tapping the sides of the column to

facilitate settling of the alumina to a height of between 5 and

6 cm. Prepare a separate column for each solution to be

tested.

Standard stock solution—Prepare a solution of USP

Ivermectin RS in methanol having a known concentration

of about 0.28 mg of USP Ivermectin RS per mL. Transfer 4.0

mL of this solution and 5.0 mL of water to a 100-mL

volumetric flask, dilute with methanol to volume, and mix.

Transfer 5.0 mL of this solution to a second 100-mL
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volumetric flask, dilute with Diluent to volume, and mix. This

solution contains about 56 mg of USP Ivermectin RS per mL.

Standard preparation—Transfer 15.0 mL of the Standard

stock solution to a 50-mL centrifuge tube, add 4.0 mL of

water, and mix on a vortex mixer. Extract this solution with

10 mL of hexanes by shaking for about 10 minutes.

Centrifuge, and discard the hexanes layer. Repeat the

extraction with 5 mL of hexanes by shaking for 5 minutes.

Centrifuge, and discard the hexanes layer. Add the aqueous

layer to the Alumina column, and allow to elute. Discard the

first 2 mL of eluant, and collect the next 5 mL of eluant in

a stoppered tube. This Standard preparation contains about

56 mg of USP Ivermectin RS per mL.

Assay stock solution—Grind an accurately weighed Tablet

to a fine powder, and transfer to a screw-capped, wide-mouth,

low-actinic bottle of appropriate volume. Add an accurately

measured volume of Diluent to the bottle to obtain the

estimated concentration of ivermectin of about 0.55 mg per

mL. Cap the bottle, and mix on a vortex mixer for about

1 minute. Centrifuge a portion of the suspension thus

obtained for about 5 minutes.

Assay preparation—Transfer 15.0 mL of the Assay stock

solution to a 50-mL centrifuge tube, add 4.0 mL of water, and

mix on a vortex mixer. Proceed as directed under Standard

preparation, beginning with ‘‘Extract this solution.’’ The

solution thus obtained is the Assay preparation.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 245-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1.2 mL per minute. The column

temperature is maintained at about 308. Chromatograph the

Standard preparation, and record the peak areas as directed

for Procedure: the relative retention times are about 0.8 for

component H2B1b and 1.0 for component H2B1a; the

resolution, R, between the component H2B1b peak and the

component H2B1a peak is not less than 2.0; the column

efficiency determined from the component H2B1a peak is not

less than 2000 theoretical plates; the tailing factor at 5.0% of

peak height for the H2B1a peak is less than 2.2; and the

relative standard deviation for replicate injections determined

from the sum of the component H2B1b peak and the

component H2B1a peak is not more than 2.0%. [NOTE—

After the column has been used, if the system suitability

requirements are not met, regenerate the column as follows.

Wash the column with 50 mL of water, slowly increasing the

flow rate to 1 mL per minute. Make at least seven 100-mL

injections of a dimethyl sulfoxide and water solution (1 : 1) at

5-minute intervals using water as a mobile phase. Purge the

column with 100 mL of methanol, 200 mL of methylene

chloride, and again with 100 mL of methanol, slowly

increasing the flow rate to 1 mL per minute after each

solvent changeover. Finally, purge the column with Mobile

phase, increasing the flow rate to that used for the analysis.]

Procedure— Separately inject equal volumes (about 100

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of ivermectin [component H2B1a (C48H74O14)

plus component H2B1b (C47H72O14)] in the Tablet taken by the

formula:

100(VCP)(rU / rS)

in which V is the volume of Diluent added in the preparation

of the Assay stock solution; C is the concentration, in mg per

mL, of USP Ivermectin RS in the Standard preparation; P is

the purity of the USP Ivermectin RS [percent (w/w) H2B1a

plus percent (w/w) H2B1b], expressed as a decimal; and rU and

rS are the sums of the peak areas for component H2B1a and

component H2B1b obtained from the Assay preparation and

the Standard preparation, respectively.

Assay for pyrantel pamoate—[NOTE—Use low-actinic

glassware in preparing solutions of pyrantel pamoate, and

otherwise protect the solutions from unnecessary exposure to

bright light. Complete the Assay for pyrantel pamoate

without prolonged interruption.]
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Extraction solvent—Prepare a mixture of tetrahydrofuran

and trichloroacetic acid (94 : 6).

Mobile phase—Prepare a degassed mixture of acetonitrile,

water, acetic acid, and triethylamine (940 : 25: 25 : 10). Make

adjustments if necessary (see System Suitability under

Chromatography h621i). [NOTE—Increasing the amount of

acetonitrile in the Mobile phase increases retention times.]

Standard preparation—Prepare a solution of USP Pyrantel

Pamoate RS in Extraction solvent having a known concen-

tration of about 1.7 mg per mL. Transfer 4.0 mL of this

solution to a 25-mL volumetric flask, dilute with tetrahydro-

furan to volume, and mix. This solution contains about 0.27

mg of USP Pyrantel Pamoate RS per mL. [NOTE—Prepare

these solutions daily.]

Assay preparation—Grind an accurately weighed Tablet to

a fine powder. Transfer the powder to a 300-mL stock bottle,

add 50.0 mL of Extraction solvent, mix, sonicate for about 15

minutes, and shake by mechanical means for about 1 hour.

Allow to settle, and decant the supernatant into a second

300-mL bottle. Add a second 50-mL portion of Extraction

solvent to the stock bottle, and shake by mechanical means

for about 1 hour. Allow to settle, and decant the supernatant

to the second 300-mL bottle. Add a third 50-mL portion of

Extraction solvent to the stock bottle, and shake by

mechanical means for about 1 hour. Transfer the contents of

the second 300-mL bottle to the stock bottle. Rinse the second

bottle with 50.0 mL of Extraction solvent, and transfer this

rinsing to the stock bottle. Sonicate the stock bottle for about

10 minutes, and centrifuge a portion of the liquid. Transfer an

accurately measured volume of the clear supernatant,

equivalent to about 0.8 mg of pyrantel pamoate, to a 25-mL

volumetric flask, dilute with tetrahydrofuran to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 313-nm detector

and a 4.6-mm 6 25-cm column that contains packing L3.

The flow rate is about 2 mL per minute. Chromatograph the

Standard preparation, and record the peak areas as directed

for Procedure: the column efficiency determined from the

pyrantel peak is not less than 2000 theoretical plates; the

tailing factor is not more than 1.3; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

mg, of pyrantel pamoate (C34H30N2O6S) in the Tablet taken by

the formula:

500(C/V)(rU / rS)

in which C is the concentration, in mg per mL, of USP

Pyrantel Pamoate RS in the Standard preparation; V is the

volume, in mL, of liquid taken from the centrifuged portion of

the stock bottle contents to prepare the Assay preparation;

and rU and rS are the pyrantel peak areas obtained from the

Assay preparation and the Standard preparation, respec-

tively. [NOTE—Where the test for Uniformity of dosage units

has been performed using the Assay for pyrantel pamoate

procedure as a test for Content uniformity, use the average of

these determinations as the Assay for pyrantel pamoate

value.]&1S (USP32)

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] IN-PROCESS REVISION 279



BRIEFING

Levorphanol Tartrate, USP 30 page 2467. On the basis of
comments received, it is proposed to replace the titration procedure
in the Assay with a titration that uses a less complex solvent
system—a more readily available titrant and potentiometric as
opposed to a colorimetric endpoint detection.

(MDCCA05: C. Anthony) RTS—C42480

Change to read:

Assay—Transfer about 250 mg of Levorphanol Tartrate, accurately
weighed, to a 250-mL flask, add 25 mL of dehydrated alcohol, and
warm slightly to dissolve. Add 100 mL of chloroform, then add
4 drops of methanolic methyl red TS, and titrate with 0.02N
perchloric acid in dioxane VS to a red endpoint. Perform a blank
determination, and make any necessary correction. Each mL of
0.02N perchloric acid is equivalent to 8.149 mg of C17H23NO �
C4H6O6

&Dissolve about 900 mg of sample, accurately weighed, in 85

mL of glacial acetic acid, warming slightly if necessary.

Titrate with 0.1N perchloric acid VS and determine the

endpoint potentiometrically. Perform a blank determination

and make any nececssary corrections. Each mL of 0.1N

perchloric acid consumed by the sample is equivalent to

40.75 mg of C17H23NO �C4H6O6.&1S (USP32)

BRIEFING

Lindane, USP 30 page 2478. It is proposed to revise the Assay
preparation to be consistent with the Standard preparation and the
method validation.

(MD-AA: B. Davani) RTS—C58202

Change to read:

Assay—
~

Internal standard solution—Dissolve n-octadecane in methylene
chloride to obtain a solution having a concentration of about 0.5 mg
per mL.
Standard preparation—Dissolve an accurately weighed quantity

of USP Lindane RS in Internal standard solution to obtain a solution
having a known concentration of about 2 mg per mL.
System suitability solution—Prepare solutions of a-benzene

hexachlorides (BHC) at 1000 mg per mL of methanol, b-BHC at
1000 mg per mL of acetone, and d-BHC at 1000 mg per mL of
methanol. Transfer 100 mL each of a-BHC, b-BHC and d-BHC
solutions to a 4-mL conical vial, and evaporate under a stream of
nitrogen to dryness. Add to the vial a 100-mL aliquot of the Standard
preparation. Insert the stopper, and shake vigorously to dissolve the
residue.
Assay preparation—Transfer about 10 mg of Lindane, accurately

weighed, to a 5-mL volumetric flask. Dissolve in and dilute with
methylene chloride

&Internal standard solution&1S (USP32)
to volume.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and
a 0.32-mm630-m fused-silica column coated with a 1-mm phase
G46. The chromatograph is programmed as follows. The initial
column temperature is maintained at 1208 for 1 minute. Then, the
temperature is increased at a rate of 208 per minute to 1508, and then
ramped at a rate of 108 per minute to 2808 and maintained at that
temperature for 4 minutes. The injection port and detector
temperatures are maintained at 3008. The injection split ratio is
50 : 1. Chromatograph the Standard preparation and the System
suitability solution, and record the peak responses as directed for
Procedure: the relative retention times for n-octadecane and lindane
are about 0.85 and 1.0, respectively. [NOTE—Typical retention times
for a-BHC, b-BHC, g-BHC, d-BHC, and n-octadecane are 15.7,
17.8, 16.5, 18.8, and 13.9 minutes, respectively.] The resolution, R,
between n-octadecane and a-BHC is not less than 21, between
lindane (g-BHC) and a-BHC is not less than 9, between b-BHC and
lindane is not less than 14, and between d-BHC and b-BHC is not
less than 8; the tailing factors for n-octadecane and lindane are less
than 1.5 and 1.2, respectively; and the relative standard deviation of
the ratios of peak area responses of lindane to n-octadecane for
replicate injections of Standard preparation is not more than 1.5%.
Procedure—Separately inject equal volumes (about 1 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of g-C6H6Cl6 in the
portion of Lindane taken by the formula:

5C(RU /RS)
in which C is the concentration, in mg per mL, of USP Lindane RS
in the Standard preparation; and RU and RS are the ratios of the peak
responses of lindane to n-octadecane, obtained from the Assay
preparation and the Standard preparation, respectively.~USP30

BRIEFING

Mafenide Acetate Cream, USP 30 page 2519. An alternative
method has been proposed to replace the current odor test for the
identification of acetate in this issue of PF; see the General Chapters/
General Tests and Assays section under Identification Tests—
General h191i. The sample preparation described under Identifica-
tion B in this monograph is not compatible with the proposed
alternative method. Therefore, a modified sample preparation based
on the Assay test is proposed.

(MD-AA: B. Davani; M. Puderbaugh) RTS—C59224

Change to read:

Identification—
A: Ultraviolet Absorption h197Ui—
Solution: Assay preparation.
B: Place about 1 g in a beaker, warm to melt the cream, add

about 25 mL of water, and mix: the solution responds to the tests for
Acetate h191i.
&Place about 1 g in a 60-mL separatory funnel, and add 20

mL of chloroform to dissolve it. Add 20 mL of water, shake

for 2 minutes, allow the layers to separate completely, and

discard the lower, chloroform layer. Repeat this washing with

another 20-mL portion of chloroform, and discard the

chloroform washing. Centrifuge the aqueous layer. The
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clear supernatant responds to the test for Acetate under

Identification Tests—General h191i, when using a 1-mL

aliquot of the supernatant with 2 mL of water for the

lanthanum nitrate test and a 3-mL aliquot of the supernatant

for the ferric chloride test.&1S (USP32)

BRIEFING

Mefenamic Acid, USP 30 page 2560. On the basis of comments
received, in the test for Heavy metals, it is proposed to replace
Method I with Method II, because the quantity of sample indicated
for the test cannot be dissolved in the volume of water specified for
Method I.

(MD-CCA: C. Anthony) RTS—C42530

Change to read:

Heavy metals,

&Method II&1S (USP32)
h231i: 0.002%.

BRIEFING

Mupirocin Cream, page 4114 of the Second Supplement. The
following revisions are proposed on the basis of comments received:
1. The preparation of pH 4 Acetate buffer has been deleted from

the Related compounds test because it is not used in this test.
2. In the Related compounds test, IUPAC names are included for

the specified impurities.
3. In the Related compounds test, the ambiguity in the

Chromatographic system has been clarified. The calculation
formula is revised to the format recommended in the Stimuli
article on page 626 of PF 31(2) [Mar.–Apr. 2005].

4. The Assay is revised to remove references to the monograph for
Mupirocin Calcium. Absolute retention times have been
replaced with relative retention times. The calculation formula
is revised to the format recommended in the Stimuli article on
page 626 of PF 31(2) [Mar.–Apr. 2005]. The calculation is
revised to calculate the percent label claim.

(MD-ANT: A. Wise) RTS—C54656

Change to read:

Related compounds—
0.1M Ammonium acetate, Solution A, Solution B, Mobile phase,

pH 6.3 Phosphate buffer, and Chromatographic system—

&and pH 6.3 Phosphate buffer—&1S (USP32)
Proceed as directed in the Assay.
Sodium acetate solution—Add 5.8 mL of glacial acetic acid to 900

mL of water, adjust with sodium hydroxide TS to a pH of 4.0, dilute
with water to 1000 mL, and mix.

Tetrahydrofuran solution—Mix 750 mL of tetrahydrofuran and
250 mL of water.

Sodium acetate–tetrahydrofuran solution—Prepare a mixture of
Sodium acetate solution and Tetrahydrofuran solution (50 : 50).

Standard solution—Dissolve an accurately weighed portion of
USP Mupirocin Lithium RS in pH 6.3 Phosphate buffer. Dilute an
accurately measured volume of this solution quantitatively to obtain
a solution containing 0.1 mg of mupirocin per mL.

&System suitability solution—Use the Standard prepara-

tion, prepared as directed in the Assay.&1S (USP32)
Test stock solution—Transfer an accurately weighed quantity of

Cream, equivalent to about 50 mg of mupirocin, to a screw-capped
centrifuge tube. Add 5.0 mL of Tetrahydrofuran solution, cap, and
disperse the Cream by mixing on a vortex mixer and shaking. Add
5.0 mL of Sodium acetate solution, cap, and mix. Centrifuge for
about 15 minutes. Withdraw the lower layer from the tube, pass it
through a filter having a 0.5-mm or finer porosity, and use the filtrate.
Test solution—Transfer 1.0 mL of the Test stock solution to a

50-mL volumetric flask, dilute with Sodium acetate–tetrahydrofuran
solution to volume, mix, and pass through a filter having a 0.5-mm or
finer porosity.
pH 4 Acetate buffer—Transfer about 13.6 g of sodium acetate to

a 1000-mL volumetric flask, and dissolve in about 900 mL of water.
Adjust with glacial acetic acid to a pH of 4.0, and dilute with water
to volume.

&

&1S (USP32)
Chromatographic system (see Chromatography h621i)—Chro-

matograph the Standard solution, and record the peak responses as
directed for Procedure: typical retention times are about 16 minutes
for pseudomonic acid D and 21 minutes for mupirocin; the relative
retention times are 0.36 for pseudomonic acid F, 0.6 for mupirocin
degradation product A, 0.63 for mupirocin degradation product B,
0.74 for pseudomonic acid D, 0.9 for pseudomonic acid B, 1.0 for
mupirocin, 1.15 for mupirocin related compound A, 1.23 for
mupirocin related compound B, 2.03 for pseudomonic acid C, and
2.15 to 2.33 for pseudomonic acid E; the resolution, R, between
pseudomonic acid D and mupirocin is not less than 3; the column
efficiency for the mupirocin peak is not less than 7000 theoretical
plates; the tailing factor for the mupirocin peak is not more than
1.75; and the relative standard deviation of the mupirocin peak for
replicate injections is not more than 2%.

&Prepare as directed for the Assay. Chromatograph the Test

stock solution, and record the responses as directed for

Procedure. Identify the peaks based on the relative retention

times for mupirocin and related substances shown in Table 1:

the resolution, R, between pseudomonic acid D and

mupirocin is not less than 3. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the column efficiency for the mupirocin peak

is not less than 7000 theoretical plates; the tailing factor for

the mupirocin peak is not more than 1.75; and the relative

standard deviation of the mupirocin peak for replicate

injections is not more than 2%.&1S (USP32)
Procedure—[NOTE—Ensure that buffers, dispersants, or preserva-

tives in the formulation do not interfere with quantification of either
impurities or degradation products.] Separately inject equal volumes
(about 20 mL) of the Test stock solution and the Test solution into the
chromatograph, and measure the peak responses for all of the peaks
that do not correspond to buffers, dispersants, or preservatives.
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Calculate the percentage of each related compound and degradation
product relative to mupirocin in the portion of Cream taken by the
formula:

2(ri / rM)

&(ri / rM)(100 / 50)&1S (USP32)

in which ri is the peak response for each related compound or
degradation product obtained from the Test stock solution; rM is the
peak response of the mupirocin peak obtained from the Test
solution;: not more than 3.0% of pseudomonic acid D is found; not
more than 8.5% of mupirocin degradation product A is found; not
more than 16% of mupirocin degradation product B is found; not
more than 1.2% of any other individual impurity or degradation
product is found; and not more that 30% of total impurities and
degradation products is found.

&and 50 is the dilution factor for the Test solution.

Table 1

Name

Relative Retention

Time Limit (%)

Pseudomonic acid F1 0.36 NMT 1.2

Mupirocin impurity 12 0.6 NMT 8.5

Mupirocin impurity 23 0.63 NMT 16

Pseudomonic acid D4 0.75 NMT 3.0

Pseudomonic acid B5 0.9 NMT 1.2

Mupirocin 1.0 —

Mupirocin impurity 36 1.15 NMT 1.2

Mupirocin impurity 46 1.23 NMT 1.2

Pseudomonic acid C7 2.03 NMT 1.2

Pseudomonic acid E8 2.24 NMT 1.2

Any other unspecified

impurity

— NMT 1.2

Total impurities — NMT 30

1 7-{(E)-4-[(2S,3R,4R,5S)-3,4-Dihydroxy-5-({(2S,3S)-3-[(2S,3S)-3-
hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-pyran-2-yl]-
3-methylbut-2-enoyloxy}heptanoic acid.
2 9-{(E)-4-[(2R,3aS,6S,7S, 8aRS)-2-{(1RS,2S,3S)-1,3-Dihydroxy-2-
methylbutyl}-7-hydroxyhexahydro-2H-furo[3,2-c]pyran-6-yl]-3-
methylbut-2-enoyloxy}nonanoic acid.
3 9-{(E)-4-[(2R,3RS,4aS,7S,8S,8aR)-3,8-Dihydroxy-2-{(2S,3S)-3-
hydroxybutan-2-yl}octahydropyrano[3,2-c]pyran-7-yl]-3-methylbut-
2-enoyloxy}nonanoic acid.
4 (E)-9-{(E)-4-[(2S,3R,4R,5S)-3,4-Dihydroxy-5-({(2S,3S)-3-
[(2S,3S)-3-hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-
pyran-2-yl]-3-methylbut-2-enoyloxy}non-4-enoic acid.
5 9-{(E)-3-Methyl-4-[(2S,3R,4S,5R)-3,4,5-trihydroxy-5-({(2S,3S)-3-
[(2S,3S)-3-hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-
pyran-2-yl]but-2-enoyloxy}nonanoic acid.
6 9-((E)-4-{(2S,3R,4R,5S)-3,4-Dihydroxy-5-[(3-hydroxy-4,5-
dimethyltetrahydrofuran-2-yl)methyl]tetrahydro-2H-pyran-2-yl}-3-
methylbut-2-enoyloxy)nonanoic acid.

Table 1 (Continued)

Name

Relative Retention

Time Limit (%)

7 9-((E)-4-{(2S,3R,4R,5S)-3,4-Dihydroxy-5-[(4R,5S,E)-5-hydroxy-
4-methylhex-2-enyl]tetrahydro-2H-pyran-2-yl}-3-methylbut-2-enoy-
loxy)nonanoic acid.
8 11-{(E)-4-[(2S,3R,4R,5S)-3,4-Dihydroxy-5-({(2S,3S)-3-[(2S,3S)-
3-hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-pyran-2-
yl]-3-methylbut-2-enoyloxy}undecanoic acid.

&1S (USP32)

Change to read:

Assay—
0.1M Ammonium acetate—Prepare as directed in the Assay under

Mupirocin Calcium.

&Dissolve about 7.7 g of ammonium acetate in about 900 mL

of water in a 1000-mL volumetric flask, adjust with glacial

acetic acid to a pH of 5.7, and dilute with water to

volume.&1S (USP32)
Solution A—Prepare a filtered and degassed mixture of 0.1M

Ammonium acetate and tetrahydrofuran (75 : 25).
Solution B—Prepare a filtered and degassed mixture of 0.1M

Ammonium acetate and tetrahydrofuran (70 : 30).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).

pH 6.3 Phosphate buffer—Dissolve 69 g of monobasic sodium
phosphate in 800 mL of water, adjust with sodium hydroxide TS to
a pH of 6.3, dilute with water to 1000 mL, and mix.
Standard preparation—Transfer about 21 mg of USP Mupirocin

Lithium RS, accurately weighed, to a 200-mL volumetric flask, and
dissolve in and dilute with pH 6.3 Phosphate buffer to volume.

&Dissolve an accurately weighed portion of USP Mupirocin

Lithium RS in pH 6.3 Phosphate buffer. Dilute an accurately

measured volume of this solution quantitatively with the same

solvent to obtain a solution having a known concentration of

about 0.1 mg of mupirocin per mL.&1S (USP32)
Assay preparation—Transfer an accurately weighed quantity of

Cream, equivalent to about 10 mg of mupirocin, to a 100-mL
volumetric flask. Add 50 mL of pH 6.3 Phosphate buffer and 25 mL
of tetrahydrofuran. Insert the stopper into the flask, mix on a vortex
mixer, and shake for 1 to 3 minutes. Dilute with pH 6.3 Phosphate
buffer to volume. Allow to stand until the oil layer separates out,
then dilute the aqueous layer with pH 6.3 Phosphate buffer to
volume. Repeat 2 to 3 times until as much of the oil layer has
separated out as possible. After the final dilution, pass the final
solution (bottom layer) through a filter having a 0.5-mm or finer
porosity.

&This solution will have a nominal concentration of 0.1 mg

per mL of mupirocin based on label claim.&1S (USP32)
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 240-nm detector and
a 4.6-mm 6 25-cm column that contains 7-mm

&5-mm&1S (USP32)
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packing L7. The flow rate is about 1 mL per minute. Maintain the
column at a constant temperature up to 358. The chromatograph is
programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 100 0 equilibration
0–6 100 0 isocratic
6–35 100?0 0?100 linear gradient
35–55 0 100 isocratic
55–55.01 0?100 100?0 immediate

55.01–65 100 0 isocratic

Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: typical retention times are about
16 minutes for pseudomonic acid D and 21 minutes for mupirocin;
the resolution, R, between pseudomonic acid D and mupirocin is not
less than 3; the column efficiency for the mupirocin peak is not less
than 7000 theoretical plates; the tailing factor for the mupirocin peak
is not more than 1.75; and the relative standard deviation of the
mupirocin peak for replicate injections is not more than 2%.

&[NOTE—Pseudomonic acid D is a minor component that is

always present in mupirocin calcium.] Identify the peaks by

their retention times which are about 0.75 for pseudomonic

acid D and 1.0 for mupirocin: the resolution, R, between

pseudomonic acid D and mupirocin is not less than 3; the

column efficiency for the mupirocin peak is not less than

7000 theoretical plates; the tailing factor for the mupirocin

peak is not more than 1.75; and the relative standard deviation

of the mupirocin peak for replicate injections is not more than

2%.&1S (USP32)
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the peak area
responses for the major peaks. Calculate the weight percent of
mupirocin in the portion of Cream taken by the formula:

0.05E (MS /MU)(rU / rS)

in which MS is the weight, in mg, of USP Mupirocin Lithium RS
taken to prepare the Standard preparation; E is the designated
mupirocin equivalent, in mg, of mupirocin in each mg of USP
Mupirocin Lithium RS; MU is the weight, in mg, of Cream taken to
prepare the Assay preparation;

&Calculate the percent label claim of mupirocin in the portion

of Cream taken by the formula:

(P / 1000)(CS /CU)(rU / rS)(100)

in which P / 1000 is the potency of mupirocin, converted from

mg per mg to mg per mg, in USP Mupirocin Lithium RS; CS is

the concentration, in mg per mL, of USP Mupirocin Lithium

RS in the Standard preparation; CU is the nominal

concentration, in mg per mL, of Cream in the Assay

preparation;&1S (USP32)
and rU and rS are the mupirocin peak area responses obtained from
the Assay preparation and the Standard preparation, respectively.

BRIEFING

Naltrexone Hydrochloride, USP 30 page 2703. On the basis of
comments received, it is proposed to correct the relative response
factors for the two named impurities, 2,2’-bisnaltrexone and 10-
ketonaltrexone, in the Related compounds test to match the values
submitted by the sponsor.

(MD-CCA: C. Anthony) RTS—C42532

Change to read:

Related compounds—Proceed as directed in the Assay. From the
chromatogram of the Assay preparation, calculate the percentage of
each related compound in Naltrexone Hydrochloride taken by the
formula:

10F(C/W)(rU / rS)

in which F is the relative response factor for each impurity; C is the
concentration, in mg per mL, of USP Naltrexone RS in the Standard
preparation; W is the weight, in mg, of Naltrexone Hydrochloride
taken for the Assay preparation; rU is the peak response of the
relevant related compound obtained from the Assay preparation; and
rS is peak response of naltrexone obtained from the Standard
preparation. [NOTE—The relative response factor is 0.3

&0.43&1S (USP32)
for 2,2’-bisnaltrexone, and

&0.25 for&1S (USP32)
10-ketonaltrexone, and 1.0 for all other related compound peaks.]
Not more than 0.5% of any individual related compound is found,
and the total of all related compounds is not more than 1.5%.

BRIEFING

Orbifloxacin; Orbifloxacin Tablets. Because there are no
existing USP monographs for these drug articles, new monographs
are being proposed. The Chromatographic purity and the Assay tests
are HPLC methods, validated using a Perkin-Elmer C18 brand of
a 4.6-mm 6 3-cm, 3-mm packing L1 column. Interested parties are
invited to submit comments.

(VET: I. DeVeau) RTS—C45456
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Add the following:

&Orbifloxacin

C19H20F3N3O3 395.38

1-Cyclopropyl-7-(cis-3,5-dimethyl-1-piperazinyl)-5,6,8-tri-

fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid

[113617-63-3].

» Orbifloxacin contains not less than 98.5 percent

and not more than 101.5 percent of C19H20F3N3O3,

calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed containers.

Store at room temperature.

USP Reference standards h11i—USP Orbifloxacin RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

C: X-Ray Diffraction h941i—The X-ray diffraction

patterns conforms to that of USP Orbifloxacin RS, similarly

determined.

Microbial limits h61i—The total combined molds and yeasts

count does not exceed 100 cfu per g.

pH h791i: between 6.5 and 7.8, in a solution containing 10

mg per mL.

Water, Method Ic h921i: between 1.5% and 2.9%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals h231i: not more than 20 ppm.

Related compounds—

Buffer, Mobile phase, System suitability preparation,

Standard preparation, and Chromatographic system— Pre-

pare as directed in the Assay.

Standard solution—Dilute, quantitatively with Buffer, the

Standard preparation to obtain a solution having a known

concentration of about 0.00004 mg per mL.

Test solution—Transfer about 40 mg of Orbifloxacin,

accurately weighed, to a 200-mL volumetric flask, dissolve

in and dilute with Buffer to volume, and mix.

Chromatographic system (see Chromatography h621i)—

Inject the Buffer as directed for Procedure to verify that there

are no interfering peaks.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

area responses for the major peaks. Calculate the percentage

of related compounds in the portion of Orbifloxacin taken by

the formula:

20,000(CS)(ri / rS)(1 /F)

in which CS is the concentration, in mg per mL, of

orbifloxacin in the Standard solution; ri is the peak area

response for each impurity obtained from the Test solution; rS

is the peak area response for the orbifloxacin peak obtained

from the Standard solution; and F is the relative response

factor for each impurity, as presented in Table 1.
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Assay—

Buffer—In a 2-L flask, dissolve about 11.8 g of sodium

citrate in 1600 mL of water, and mix. Add 180 mL acetic

acid, and mix. Adjust with 6N sodium hydroxide to a pH of

3.5, dilute with water to about 2 L, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer, methanol, and dioxane (86 : 11 : 4). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

Standard stock preparation—Dissolve in Buffer an ac-

curately weighed quantity of USP Orbifloxacin RS to obtain

a solution having a known concentration of about 0.2 mg per

mL.

Standard preparation—Accurately transfer a quantity of

Standard stock preparation, and dilute with Buffer to obtain

a solution having a known concentration of about 0.02 mg per

mL.

System suitability preparation—Dissolve about 40 mg of

methyl 4-aminobenzoate in 2 mL of methanol, and dilute with

Buffer to 200 mL. Pipet 10.0 mL of this solution and 10.0 mL

of Standard stock preparation into a 100-mL volumetric

flask. Dilute with Buffer to volume, and mix.

Assay preparation—Transfer about 40 mg of Orbifloxacin

accurately weighed, to a 200-mL volumetric flask, dissolve in

and dilute with Buffer to volume, and mix. Dilute with Buffer

an aliquot of the resulting solution to obtain a solution having

a known concentration of about 0.02 mg per mL.

Table 1

Component/Impurity

Approximate Relative

Retention Time

Relative

Response

Factor (F) Limit %

cis, cis-1-Cyclopropyl-5,7-bis(3,5-dimethyl-1-piperazinyl)-6,8-difluoro-

1,4-dihydro-4-oxo-3-quinolinecarboxylic acid

0.5 0.36 NMT 0.2

cis-1-Cyclopropyl-7-(3,5-dimethyl-1-piperazinyl)-5,6,8-trifluoro-4(1H)-

quinolinone

0.65 0.27 NMT 0.2

7-[(2-Aminopropyl)amino]-1-cyclopropyl-5,6-difluoro-1,4-dihydro-4-

oxo-3-quinolinecarboxylic acid

0.75 0.49 NMT 0.2

Orbifloxacin 1.0 1.00 —

1-Cyclopropyl-7-(3,5-dimethyl-1-piperazinyl)-6,8-difluoro-1,4-dihydro-

4-oxo-3-quinolinecarboxylic acid

1.4 0.84 NMT 0.2

cis-1-Cyclopropyl-7-(3,5-dimethyl-1-piperazinyl)-6,8-difluoro-1,4-dihy-

dro-5-hydroxy-4-oxo-3-quinolinecarboxylic acid

2.7 0.73 NMT 0.2

cis-1-Cyclopropyl-5-(3,5-dimethyl-1-piperazinyl)-6,7,8-trifluoro-1,4-di-

hydro-4-oxo-3-quinolinecarboxylic acid

3.6 0.11 NMT 0.2

1-Cyclopropyl-5,6,7,8-tetrafluoro-1,4-dihydro-4-oxo-3-quinolinecar-

boxylic acid

6.8 0.16 NMT 0.2

Unknown — 1.0 —

Total known and unknown — — NMT 0.4
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Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 290-nm detector

and 4.6-mm 6 3.0-cm column that contains 3-mm packing

L1. The flow rate is about 1.0 mL per minute. Prior to

injecting the System suitability preparation, flush the column

with approximately 50 mL of a mixture of acetonitrile and

water (9 : 1). Chromatograph the System suitability prepara-

tion, and record the peak response as directed for Procedure:

the relative retention times are about 1.3 for methyl

4-aminobenzoate and 1.0 for orbifloxacin; the resolution, R,

between methyl 4-aminobenzoate and orbifloxacin is not less

than 2; the tailing factor is not more than 1.8; and the relative

standard deviation for replicate injections is not more than

2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatographs, and measure

the area responses for the major peaks. Calculate the quantity,

in mg of C19H20F3N3O3 in the portion of Orbifloxacin taken by

the formula:

2000C(rU / rS)

in which C is the concentration, in mg per mL, of USP

Orbifloxacin RS in the Standard preparation; and rU and rS

are the peak area responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP32)

BRIEFING

Orbifloxacin Tablets—See briefing under Orbifloxacin

(VET: I. DeVeau; BPC: M. Marques) RTS—C45456

Add the following:

&Orbifloxacin Tablets

» Orbifloxacin Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of orbifloxacin (C19H20F3N3O3).

Packaging and storage—Preserve in tight containers, and

store at controlled room temperature.

Labeling—Label to indicate that it is for veterinary use only.

USP Reference standards h11i—USP Orbifloxacin RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i.

Absorbent: silica gel.

Diluent: a mixture of chloroform, methanol, and glacial

acetic acid (8 : 1 : 1).

Test solution—Crush 1 Tablet and transfer into a centrifuge

tube. Add Diluent quantitatively, and mix to obtain a final

concentration of about 0.56 mg per mL of orbifloxacin.

Centrifuge the solution.

Standard solution—Prepare a solution of USP Orbifloxacin

RS in Diluent having a concentration of about 0.56 mg per

mL.

Application volume: 5 mL

Developing solvent system: a mixture of chloroform,

methanol, water, and ammonium hydroxide (18 : 7 : 1 : 0.02).
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B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

Medium: 0.1N hydrochloric acid; 1000 mL.

Apparatus 2: 50 rpm.

Time: 30 minutes.

Determine the amount of C19H20F3N3O3 dissolved by

employing the following procedure.

Standard solution—Prepare a solution of USP Orbifloxacin

RS in Medium with a final concentration of about L/100,

where L is the tablet label claim in mg. Transfer 10.0 mL of

this solution to a 100-mL volumetric flask, dilute with

Medium to volume, and mix.

Test solution—Pass a portion of the solution under test

through a suitable 0.8-mm filter, discarding the first 3 mL.

Procedure—Determine the amount of C19H20F3N3O3 dis-

solved by employing UV absorption at the wavelength of

maximum absorbance at about 291 nm on portions of the Test

solution in comparison with the Standard solution using

Medium as blank. Calculate the amount of orbifloxacin

dissolved by the formula:

100,000(AU/AS)(CS/L)

in which AU and AS are the absorbances obtained with the Test

solution and the Standard solution, respectively; CS is the

concentration, in mg per mL, of orbifloxacin in the Standard

solution; and L is the tablet label claim in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C19H20F3N3O3 is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

Water, Method Ic h921i: between 3.5% and 7.0%.

Test preparation—Accurately weigh 5 Tablets, and transfer

into a 50-mL centrifuge tube. Add 25 mL of anhydrous

methanol, and cap.

Blank: 25 mL of anhydrous methanol in a 50-mL

centrifuge tube.

Procedure—Rotate the Test preparation and the Blank for

16 hours. Centrifuge. Titrate an equal volume of the Test

preparation and the Blank so that the amount of water titrated

will be approximately 1000 mg to 1500 mg.

Chromatographic purity—

Buffer, Mobile phase, Standard preparation, System

suitability preparation, and Chromatographic system—Pre-

pare as directed in the Assay.

Standard solution—Dilute quantitatively with Buffer the

Standard preparation to obtain a solution having a known

concentration of about 0.00004 mg per mL.

Test solution—Transfer 10 Tablets into a volumetric flask.

Add Buffer to fill the flask about 70%, shake for 2 hours, and

sonicate for 5 minutes. Dilute quantitatively, and stepwise if

necessary, with Buffer to obtain a solution having a concen-

tration of about 0.22 mg per mL. Pass a portion of the

solution through a 0.8-mm filter.

Chromatographic system (see Chromatography h621i)—

Inject the Buffer as directed for Procedure to verify that there

are no interfering peaks.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

area responses for the major peaks. Calculate the percentage

of related compounds in the portion of Tablets taken by the

formula:

100(CS /CT)(ri / rS )(1 /F)

in which CS is the concentration, in mg per mL, of USP

Orbifloxacin RS in the Standard solution; CT is the

concentration, in mg per mL, of the Test solution; ri is the

peak area response for each impurity obtained from the Test

solution; rS is the peak area response for the orbifloxacin peak

obtained from the Standard solution; and F is the relative

response factor for each impurity, as presented in Table 1.
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Assay—

Buffer—In a 2-L flask, dissolve about 11.8 g of sodium

citrate in 1600 mL of water, and mix. Add 180 mL of glacial

acetic acid, and mix. Adjust with 6N sodium hydroxide to

a pH of 3.5, dilute with water to volume, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer, methanol, and dioxane (86 : 11 : 4). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

Standard stock preparation—Dissolve an accurately

weighed quantity of USP Orbifloxacin RS in Buffer, and

dilute quantitatively, and stepwise if necessary, with Buffer to

obtain a solution having a known concentration of about 0.2

mg per mL.

Standard preparation—Accurately transfer a quantity of

Standard stock preparation and dilute quantitatively, and

stepwise if necessary, with Buffer to obtain a solution having

a known concentration of about 0.02 mg per mL.

Table 1

Component Relative Retention Time

Relative Response

Factor (F) Limit %

cis, cis-1-Cyclopropyl-5,7-bis(3,5-dimethyl-1-

piperazinyl)-6,8-difluoro-1,4-dihydro-4-oxo-

3-quinolinecarboxylic acid 0.5 0.36 NMT 0.5

cis-1-Cyclopropyl-7-(3,5-dimethyl-1-piperazi-

nyl)-5,6,8-trifluoro-4(1H)-quinolinone 0.65 0.27 NMT 0.5

7-[(2-Aminopropyl)amino]-1-cyclopropyl-5,6-

difluoro-1,4-dihydro-4-oxo-3-quinolinecar-

boxylic acid 0.75 0.49 NMT 0.5

Orbifloxacin 1.0 1.00

1-Cyclopropyl-7-(3,5-dimethyl-1-piperazinyl)-

6,8-difluoro-1,4-dihydro-4-oxo-3-quinoline-

carboxylic acid 1.4 0.84 NMT 0.5

cis-1-Cyclopropyl-7-(3,5-dimethyl-1-piperazi-

nyl)-6,8-difluoro-1,4-dihydro-5-hydroxy-4-

oxo-3-quinolinecarboxylic acid 2.7 0.73 NMT 0.5

cis-1-Cyclopropyl-5-(3,5-dimethyl-1-piperazi-

nyl)-6,7,8-trifluoro-1,4-dihydro-4-oxo-3-qui-

nolinecarboxylic acid 3.6 0.11 NMT 0.5

1-Cyclopropyl-5,6,7,8-tetrafluoro-1,4-dihydro-

4-oxo-3-quinolinecarboxylic acid 6.8 0.16 NMT 0.5

Unknown — 1.0 —

Total known and unknown — — NMT 1
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System suitability preparation—Dissolve about 40 mg of

methyl 4-aminobenzoate in 2 mL of methanol, and dilute with

Buffer to 200 mL. Pipet 10.0 mL of this solution and 10.0 mL

of the Standard stock preparation into a 100-mL volumetric

flask. Dilute with Buffer to volume, and mix.

Assay preparation—Transfer 10 Tablets into a volumetric

flask. Add Buffer to fill the flask about 70%, shake for

2 hours, and sonicate for 5 minutes. Dilute quantitatively, and

stepwise if necessary, with Buffer to obtain a solution having

a known concentration of about 0.02 mg per mL. Pass

a portion of the solution through a 0.8-mm filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 290-nm detector

and 4.6-mm 6 3-cm column that contains 3-mm packing L1.

The flow rate is about 1.0 mL per minute. Prior to injecting

the System suitability preparation, flush the column with

approximately 50 mL of a mixture of acetonitrile and water

(9 : 1). Chromatograph the System suitability preparation, and

record the peak response as directed for Procedure: the

relative retention times are about 1.3 for methyl

4-aminobenzoate and 1.0 for orbifloxacin; the resolution, R,

between methyl 4-aminobenzoate and orbifloxacin is not less

than 2; the tailing factor is not more than 1.8; and the relative

standard deviation for replicate injections is not more than

2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the area responses for the major peaks. Calculate the quantity,

in mg, of orbifloxacin (C19H20F3N3O3) in the portion of

Tablets taken by the formula:

C(DU)(rU / rS)

in which C is the concentration, in mg per mL, of USP

Orbifloxacin RS in the Standard preparation; DU is the

dilution factor of the Assay preparation, in mL; and rU and rS

are the peak area responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP32)

BRIEFING

Pergolide Oral Suspension, Veterinary. Because there is no
existing USP monograph for this dosage form, a new monograph is
being proposed. The monograph is for a compounded article used in
veterinary medicine; two alternative procedures for preparing the
article are proposed. The beyond-use-date for the article is set at 14
days after compounding. This beyond-use-date and the packaging
and storage requirements were determined from a stability study that
indicated poor stability of the finished pergolide preparation when
stored at temperatures greater than refrigeration and
exposed to ambient light. The Assay is an HPLC method; USP has
received data indicating that an Agilent Zorbax RX-C18, 5 mm,
4.6-mm 6 150-mm brand of L1 column, with the appropriate guard
column, is suitable for the analysis. Typical pergolide retention times
are between 3.6 and 4.0 minutes.

Pergolide, a drug used to treat the symptoms of Parkinson’s
disease in humans, was voluntarily removed from the U.S. market
recently due to concerns about potential adverse reactions. However,
veterinarians have been prescribing pergolide to treat Cushing’s
Disease in horses under the provisions of the Animal Medicinal
Drug Use Clarification Act, which allows veterinary practitioners to
prescribe approved human drugs for extralabel use in animals,
without the same concerns and reports of adverse reactions. The
Center for Veterinary Medicine of the U.S. Food and Drug
Administration has indicated that they will utilize appropriate
enforcement discretion over the pharmacy compounding of
pergolide in order that pergolide remains available to treat Cushing’s
Syndrome in horses until a new animal drug application is approved
for that use. The USP Veterinary Medicine Information Expert
Committee is developing a pharmaceutical information monograph
on the clinical use of pergolide in veterinary medicine. Interested
parties are invited to submit comments.

(VET: I. DeVeau) RTS—C58907

Add the following:

&Pergolide Oral Suspension, Veterinary

» Pergolide Oral Suspension, Veterinary contains

not less than 90.0 percent and not more than 110.0

percent of the labeled amount of pergolide mesylate

(C19H26N2S �CH4O3S). Prepare Pergolide Oral

Suspension, Veterinary, 1 mg per mL, using one

of the following procedures (see Pharmaceutical

Compounding—Nonsterile Preparations h795i):
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Pergolide Mesylate, USP . . . . . . 20 mg

Vehicle for Oral Suspension, NF . 10 mL

Vehicle for Oral Solution, NF . . 10 mL

Method I—Connect a calibrated and empty

35-cc luer lock injection syringe to the port of

a fluid dispensing connector. Remove the plunger

of another 35-cc luer lock syringe and set the

plunger aside. Lock the barrel of this syringe onto

the open port of the connector. Set this connected

syringe apparatus in an upright, vertical position

that is perpendicular to the work surface with the

open syringe on top. Add 10 mL of Vehicle for Oral

Suspension directly into the open barrel. Transfer

20 mg of Pergolide Mesylate into the open syringe

barrel. Replace the plunger on the open syringe and

invert the apparatus 1808. Apply 50 depressions to

each syringe to mix. Consolidate the mixture into

a single syringe. Disconnect the empty syringe.

Add, via another 35-cc leur lock injection syringe

connect to the open port of the fluid dispensing

connector, a quantity sufficient of Vehicle for Oral

Solution to make 20 mL the total volume of the

mixture. Reattach the empty 35-cc syringe to the

fluid dispensing connector. Apply 50 depressions to

each syringe to formulate a uniform suspension.

Method II—Add 20 mg of Pergolide Mesylate

to the mortar. Add 10 mL of Vehicle for Oral

Suspension, and mix to a uniform paste. Add

Vehicle for Oral Solution in small portions almost

to final volume [NOTE—The final volume is 20

mL.], and mix thoroughly after each addition.

Transfer the contents of the mortar, stepwise and

quantitatively, to a calibrated bottle. Add sufficient

Vehicle for Oral Solution to a final volume of 20

mL, and mix well.

Packaging and storage—Preserve in tight, light-resistant

containers, and store in a refrigerator.

Labeling—Label is to state that it is to be well shaken;

protected from light; the beyond-use date; kept out of the

reach of children; the nominal content of pergolide mesylate

in the Oral Suspension, Veterinary; and for veterinary use

only.

USP Reference standards h11i—USP Pergolide Mesylate

RS.

Identification—The retention time of the pergolide peak in

the chromatogram of the Assay preparation corresponds to

those in the chromatograms of the Standard preparations, as

obtained in the Assay.

pH h791i: between 4.0 and 4.2.

Beyond-use-date—Fourteen days after the day on which it

was compounded.

Assay—

Octanesulfonate buffer—Mix 10 mL of a 0.5M sodium

octanesulfonate solution with 490 mL of water and adjust

with glacial acetic acid to a of pH 2.2.

Mobile phase—Mix equal volumes of Octanesulfonate

buffer and acetonitrile.

Pergolide standard stock preparation—[NOTE—Use low-

actinic glassware.] Dissolve an accurately weighed quantity

of USP Pergolide Mesylate RS in methanol and dilute

quantitatively, and stepwise if necessary, with methanol to

obtain a solution having a known concentration of about 1.0

mg of pergolide mesylate per mL.

Standard preparations—[NOTE—Use low-actinic glass-

ware.] Prepare five Standard preparation solutions of

known concentrations of about 20 mg pergolide mesylate

per mL, 10 mg pergolide mesylate per mL, 5 mg pergolide
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mesylate per mL, 2 mg pergolide mesylate per mL, and 1 mg

pergolide mesylate per mL by quantitatively diluting with

Mobile phase the Pergolide standard stock solution.

Diluent—Mix equal volumes of methanol and 0.01N

hydrochloric acid.

Assay preparation—[NOTE—Use low-actinic glassware.]

Transfer 500 mL of Pergolide Oral Suspension, Veterinary

to a 5-mL volumetric flask; dilute with Diluent to volume.

Dilute with Mobile phase an accurately measured aliquot of

the resulting solution to prepare a solution containing 10 mg

of pergolide mesylate per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 223-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The column is maintained at 408. The flow rate is about

1 mL per minute. Chromatograph the Standard preparations

and the Assay preparation, and record the peak responses as

directed for Procedure: as determined from the pergolide

peak of the 20 mg per mL Standard preparation, the tailing

factor is not more than 2.0 and the relative standard deviation

for replicate injections is not more than 2.0; a regression

curve, calculated from the four Standard preparations has

a square of the correlation coefficient (r2) not less than 0.995;

and the resolution of the pergolide peak from its nearest

neighbor, as determined from the Assay preparation, is not

less than 2.0.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard preparations and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the heights for the major peaks. Generate a regression curve

of peak height versus pergolide mesylate concentration and

calculate the equation for the regression line. Calculate the

concentration, in mg per mL, of pergolide mesylate

(C19H26N2S �CH4O3S) in the portion of Pergolide Mesylate

Oral Suspension, Veterinary taken directly from the regres-

sion equation, correcting for dilution.&1S (USP32)

BRIEFING

Phenylephrine Hydrochloride, USP 30 page 2931. On the basis
of comments received, it is proposed to add a statement indicating
the exact moment when the starch solution indicator is introduced to
the system so as to eliminate variability when performing the Assay.

(MD-CCA: C. Anthony) RTS—C42673

Change to read:

Assay—Dissolve about 100 mg of Phenylephrine Hydrochloride,
accurately weighed, in 20 mL of water contained in an iodine flask,
add 50.0 mL of 0.1N bromine VS, then add 5 mL of hydrochloric
acid, and immediately insert the stopper. Shake the flask, and allow
to stand for 15 minutes. Introduce quickly 10 mL of potassium
iodide solution (1 in 10), allow to stand for 5 minutes, shake
thoroughly, remove the stopper, and rinse it and the neck of the flask
with a small quantity of water into the flask. Titrate the liberated
iodine with 0.1N sodium thiosulfate VS, adding 3 mL of starch TS
as the endpoint is approached,

&signaled by the color change of the solution from reddish-

brown to faint yellow.&1S (USP32)
Perform a blank determination (see Residual Titrations under
Titrimetry h541i). Each mL of 0.1N bromine is equivalent to
3.395 mg of C9H13NO2 �HCl.

BRIEFING

Pilocarpine Hydrochloride Tablets. Because there is no existing
USP monograph for this drug product, a new monograph based on
the validated methods of analysis is proposed. The liquid
chromatographic procedure in the tests for Uniformity of dosage
units, Related compounds, and the Assay is based on the analyses
performed with the Phenomenex Luna C18(2) brand of L1 column.
The typical retention times for isopilocarpine and pilocarpine are
about 8.0 and 9.0 minutes, respectively. The chromatographic
procedure in the Dissolution test was validated using a Waters
Atlantis C18 brand of L1 packing. The typical retention time for
pilocarpine is about 4.1 minutes.

(MD-OOD: F. Mao; BPC: M. Marques) RTS—C55196

Add the following:

&Pilocarpine Hydrochloride Tablets

» Pilocarpine Hydrochloride Tablets contain not

less than 90.0 percent and not more than 110.0

percent of the labeled amount of pilocarpine

hydrochloride (C11H16N2O2 �HCl).
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Packaging and storage—Preserve in tight containers, and

store at controlled room temperature.

USP Reference standards h11i—USP Pilocarpine Hydro-

chloride RS.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard praparation, as obtained

in the Assay.

Dissolution h711i—

Medium: 0.1N hydrochloric acid; 500 mL.

Apparatus 2: 50 rpm.

Time: 45 minutes.

Determine the amount of pilocarpine hydrochloride

dissolved by employing the following procedure.

Buffer solution—Dissolve 13.5 mL of phosphoric acid and

3.0 mL of triethylamine in 900 mL of water. Adjust to pH

3 with phosphoric acid or 10N sodium hydroxide. Dilute to

1 L and mix well.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and methanol (85 : 15). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard stock solution—Dissolve an accurately weighed

quantity of USP Pilocarpine Hydrochloride RS in Medium to

obtain a solution having a known concentration of about 0.1

mg per mL.

Working standard solution—For Tablets labeled to contain

7.5 mg, transfer 15.0 mL of the Standard stock solution to

a 100-mL volumetric flask, and dilute with Medium to

volume. For Tablets labeled to contain 5 mg, transfer 5.0 mL

of the Standard stock solution to a 50-mL volumetric flask,

and dilute with Medium to volume.

Test solution—Pass the solution under test through

a suitable, 45-mm pore size polyethylene filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm detector

and a 4.6-mm 6 15-cm column that contains packing L1.

The flow rate is about 1.0 mL per minute. Chromatograph the

Working standard solution, and record the peak responses as

directed for Procedure: the column efficiency is not less than

1500 theoretical plates; the tailing factor is not more than 2.0;

and the relative standard deviation for replicate injections is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Working standard solution and the Test solution into

the chromatograph, allow the chromatogram to run for about

twice the retention time of pilocarpine. Record the chromat-

ograms, and measure the response for the major peaks.

Calculate the quantity, in percentage, of pilocarpine hydro-

chloride dissolved by the formula:

in which rU and rS are the peak responses for the Test solution

and the Working standard solution, respectively; CS is the

concentration, in mg per mL, of the Working standard

solution; 500 is the volume, in mL, of Medium; 100 is the

conversion factor to percentage; and L is the Tablet label

claim in mg.

Tolerances—Not less than 75% (Q) of the labeled amount

of pilocarpine hydrochloride is dissolved in 45 minutes.

Uniformity of dosage units h905i: meet the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—

Mobile phase, System suitability solution, and

Chromatographic system—Proceed as directed in the Assay.

Standard solution—Use the Standard preparation, pre-

pared as directed in the Assay.

Test solution—Place 1 Tablet in a suitable volumetric flask

to obtain a nominal concentration of pilocarpine hydrochlo-

ride at about 0.05 mg per mL, based on the label claim. Fill

the flask about 75% full with water and vigorously stir using

a magnetic bar for 30 minutes, or longer if necessary, until the

Tablet is completely disintegrated and the powder is finely

dispersed in the water. Remove the magnetic bar, carefully
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rinse it with water into the flask, and dilute with water to

volume. Pass a suitable amount of solution through a PVDF

0.45-mm filter, and use the filtrate for analysis after discarding

the first 5 mL.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the pilocarpine peaks. Calculate the quantity, in mg,

of C11H16N2O2 �HCl in the Tablet taken by the formula:

CV(rU / rS)

in which C is the concentration, in mg per mL, of pilocarpine

hydrochloride in the Standard solution; V is the volume, in

mL, used for the Test solution; and rU and rS are the peak areas

obtained from the Test solution and the Standard solution,

respectively.

Related compounds—

Mobile phase, System suitability solution, and

Chromatographic system—Proceed as directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Pilocarpine Hydrochloride RS in water, stepwise

if necessary, to obtain a solution having a known concentra-

tion of about 0.5 mg per mL.

Test solution—Pass a suitable amount of Assay stock

preparation, prepared as directed in the Assay, through

a PVDF 0.45-mm filter, and use the filtrate for analysis after

discarding the first 5 mL.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, and record the chromatograms. Calculate the

percentage of each impurity in the portion of Tablets taken by

the formula:

100(1/F)(CS /CU)(ri / rS)

in which F is the relative response factor for each impurity

obtained from Table 1; CS is the concentration, in mg per mL,

of pilocarpine hydrochloride in the Standard solution; CU is

the concentration, in mg per mL, of pilocarpine hydrochloride

in the Test solution; ri is the peak area for each impurity

obtained from the Test solution; and rS is the peak area for

pilocarpine hydrochloride obtained from the Standard

solution. The limits are given in Table 1.

Table 1

Name

Relative

Retention

Time F Limit (%w/w)

Isopilocarpine 0.9 0.79 0.5

Pilocarpine 1.0 1.00 —

Individual unspe-

cified degrada-

tion product — 1.00 0.2

Total impurities — — 1.0

Assay—

Buffer solution—Prepare a mixture of water, 10N sodium

hydroxide, 85% of phosphoric acid, and triethylamine

(500 : 7 : 6 : 1). Adjust with 10N sodium hydroxide to a pH

of 3.0.

Mobile phase—Prepare a mixture of Buffer solution and

methanol (100 : 3). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Pilocarpine Hydrochloride RS in water to

obtain a solution having a known concentration of about 0.05

mg per mL.

System suitability solution—Transfer about 10 mL of the

Standard preparation to a test tube. Add about 100 mL of 2N

sodium hydroxide, mix well, and allow it to stand for

5 minutes. Add 100 mL of 2N hydrochloric acid and mix

well. [NOTE—This preparation contains pilocarpine, isopilo-

carpine, and two unidentified compounds.]

Assay stock preparation—Place Tablets, equivalent to

about 50 mg of pilocarpine hydrochloride based on the

label claim, in a 500-mL volumetric flask. Fill the flask about
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75% full with water and vigorously stir using a magnetic bar

for 30 minutes, or longer if necessary, until the Tablets are

completely disintegrated and the powder is finely dispersed in

the water. Remove the magnetic bar, carefully rinse it with

water into the flask, and dilute with water to volume.

Assay preparation—Transfer 5 mL of Assay stock prepa-

ration to a 10-mL volumetric flask and dilute with water to

volume. Pass a suitable amount of solution through a PVDF

0.45-mm filter, and use the filtrate for analysis after discarding

the first 5 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm detector

and a 4.6-mm x 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.5 mL per minute. Chromatograph

the System suitability solution, and record the peak areas as

directed for Procedure: the relative retention times are 0.9 for

isopilocarpine, 1.0 for pilocarpine, and 1.2 and 1.5 for two

unidentified peaks, respectively. For the resolution, R:

between isopilocarpine and pilocarpine, R is not less than

1.2; between pilocarpine and the peak at a relative retention

time of 1.2, R is not less than 1.2; and between the peaks at

relative retention times of 1.2 and 1.5, R is not less than 1.2.

Chromatograph the Standard preparation, and record the

peak areas as directed for Procedure: the column efficiency is

not less than 1500; the tailing factor is not greater than 1.5;

and the relative standard deviation for replicate injections is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the areas for pilocarpine peaks. Calculate the quantity, in

percentage of label claim, of C11H16N2O2 �HCl in the Tablets

taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration of pilocarpine hydrochloride,

in mg per mL, in the Standard preparation; CU is the nominal

concentration of pilocarpine hydrochloride, in mg per mL, in

the Assay preparation based on label claim; and rU and rS are

the peak areas obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP31)

BRIEFING

Pravastatin Sodium, page 4121 of the Second Supplement.
Comments have been received that mixing aqueous solution and
acetonitrile in the course of gradient elution in the test for Assay
might result in a noisy baseline. To address these comments, it is
proposed to revise the composition of Solution A and to modify the
gradient program accordingly. In addition, it is proposed to change
the pH of Solution A from 5.0 to 5.5. On the basis of data received,
this adjustment shortens the retention time of the pravastatin peak
and allows it to elute during the first gradient step, at about 5.6
minutes. It can also improve the shape of the pravastatin peak and, as
a result, improve the resolution between pravastatin and pravastatin
related compound A.
It is also proposed to establish a reporting level for impurities

under Chromatographic purity.

(MD-GRE: E. Gonikberg) RTS—C61308

Change to read:

Chromatographic purity—[NOTE—The Standard solution and the
Test solution are maintained at 158 until injected into the
chromatograph.]
Diluent—Prepare a mixture of methanol and water (1 : 1).
Buffer pH 7.0—Prepare a 0.08M phosphoric acid solution, adjust

with triethylamine to a pH of 7.0, and mix.
Solution A—Prepare a filtered and degassed mixture of water,

Buffer pH 7.0, and acetonitrile (52 : 30 : 18).
Solution B—Prepare a filtered and degassed mixture of acetoni-

trile, Buffer pH 7.0, and water (60 : 30 : 10).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Standard solution—Dissolve an accurately weighed quantity of

USP Pravastatin 1,1,3,3-Tetramethylbutylamine RS in Diluent, and
dilute quantitatively, and stepwise if necessary, with Diluent to
obtain a solution having a known concentration of about 1.25 mg of
pravastatin 1,1,3,3-tetramethylbutylamine per mL.
System suitability solution—Dissolve accurately weighed quan-

tities of USP Pravastatin 1,1,3,3-Tetramethylbutylamine RS and
USP Pravastatin Related Compound A RS in Diluent to obtain
a solution containing about 0.6 mg of USP Pravastatin 1,1,3,3-
tetramethylbutylamine RS and 0.001 mg of USP Pravastatin Related
Compound A RS per mL. [NOTE—USP Pravastatin Related
Compound A RS is a sodium salt of 3a-hydroxyisocompactin acid.]
Test solution—Transfer about 50 mg of Pravastatin Sodium,

accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with Diluent to volume, and mix.
Chromatographic system (see Chromatography h621i—The liquid

chromatograph is equipped with a 238-nm detector and a 4.6-mm
6 7.5-cm column that contains 3.5-mm packing L1. Alternatively,
a 4.0-mm 6 10-cm column that contains 3-mm packing L1 can be
used. The flow rate is about 1 mL per minute. The chromatograph is
programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–3.0 100 0 isocratic
3.0–26.5 100?0 0?100 linear gradient
26.5–26.6 0?100 100?0 linear gradient
26.6–30.0 100 0 re-equilibration
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Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the relative retention times are
about 1.0 for pravastatin and 1.1 for pravastatin related compound A;
and the resolution, R, between pravastatin and pravastatin related
compound A is not less than 2.0. Chromatograph the Standard
solution, and record the peak responses as directed for Procedure:
the relative standard deviation for replicate injections is not more
than 10.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, identify the impurities listed in Table 1,
and measure the peak responses. Calculate the percentage of each
impurity in the portion of Pravastatin Sodium taken by the formula:

1006(446.51/553.78)C(V/W)(ri / rS)

in which 446.51 and 553.78 are the molecular weights of pravastatin
sodium and pravastatin 1,1,3,3-tetramethylbutylamine, respectively;
C is the concentration, in mg per mL, of pravastatin 1,1,3,3-
tetramethylbutylamine in the Standard solution; V is the volume, in
mL, of the Test solution; W is the weight, in mg, of Pravastatin
Sodium taken to prepare the Test solution; ri is the peak response for
each impurity obtained from the Test solution; and rS is the
pravastatin peak response obtained from the Standard solution. In
addition to not exceeding the limits for each impurity specified in
Table 1, not more than 0.1% of any other individual impurity is
found, and not more than 0.6% of total impurities is found.

&The reporting level for impurities is 0.05%.&1S (USP32)

Table 1

Name

Relative
Retention
Time

Limit
(%)

3’’-Hydroxypravastatin 0.33 0.2
6’-Epipravastatin 0.92 0.3
3a-Hydroxyisocompactin1 1.1 0.2
Pentanoyl impurity2 1.2 0.2
Pravastatin lactone 1.8 0.2
Compactin 3.1 0.2

1 Sodium (3R,5R)-3,5-dihydroxy-7-[(1S,2S,3S,8S,8aR)-3-hydroxy-2-methyl-
8-[[(2S)-2-methylbutanoyl]oxy]-1,2,3,7,8,8a-hexahydronaphthalen-1-yl]hep-
tanoate (pravastatin related compound A).
2 (3R,5R)-3,5-Dihydroxy-7-[(1S,2S,6S,8S,8aR)-6-hydroxy-2-methyl-8-[[(2S)-
2-methylpentanoyl]oxy]-1,2,6,7,8,8a-hexahydronaphthalen-1-yl]heptanoic
acid.

Change to read:

Assay—
Solution A—Prepare a 0.08M phosphoric acid solution, adjust

with a 25% sodium hydroxide solution to a pH of 5.0, mix,

&5.5. Prepare a mixture of this solution with acetonitrile

(80 : 20),&1S (USP32)
filter, and degas.
Solution B—Use acetonitrile.
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Standard preparation—Dissolve an accurately weighed quantity

of USP Pravastatin 1,1,3,3-Tetramethylbutylamine RS in methanol,
and dilute quantitatively, and stepwise if necessary, with methanol to
obtain a solution having a known concentration of about 0.25 mg of
pravastatin 1,1,3,3-tetramethylbutylamine per mL.
System suitability preparation—Dissolve accurately weighed

quantities of USP Pravastatin 1,1,3,3-Tetramethylbutylamine RS
and USP Pravastatin Related Compound A RS in methanol to obtain
a solution containing about 0.25 mg of USP Pravastatin 1,1,3,3-
Tetramethylbutylamine RS and 0.001 mg of USP Pravastatin Related
Compound A RS per mL.
Assay preparation—Transfer about 20 mg of Pravastatin Sodium,

accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with methanol to volume, and mix.
Chromatographic system (see Chromatography h621i—The

liquid chromatograph is equipped with a 238-nm detector and
a 4.0-mm 6 10-cm column that contains 3-mm packing L1. The
flow rate is about 1 mL per minute. The chromatograph is
programmed as follows. Chromatograph the System suitability
preparation, and record the peak responses as directed for
Procedure: the relative retention times are about 1.0 for pravastatin
and 1.2 for pravastatin related compound A; the resolution, R,
between pravastatin and pravastatin related compound A is not less
than 1.2; and the relative standard deviation for replicate injections
for the pravastatin peak is not more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the pravastatin peaks. Calculate the quantity, in mg, of C23H35NaO7 in
the portion of Pravastatin Sodium taken by the formula:

(446.51/553.78)VC(rU / rS)

in which 446.51 and 553.78 are the molecular weights of pravastatin
sodium and pravastatin 1,1,3,3-tetramethylbutylamine, respectively;
V is the volume, in mL, of the Assay preparation; C is the
concentration, in mg per mL, of pravastatin 1,1,3,3-tetramethylbu-
tylamine in the Standard preparation; and rU and rS are the responses
of the pravastatin peak obtained from the Assay preparation and the
Standard preparation, respectively.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–7.0

80?72

&100?90&1S (USP32)

20?28

&0?10&1S (USP32) linear gradient

7.0–10.0

72?50

&90?62.5&1S (USP32)

28?50

&10?37.5&1S (USP32) linear gradient

10.0–17.0

50

&62.5&1S (USP32)

50

&37.5&1S (USP32) isocratic

17.0–17.1

50?80

&62.5?100&1S (USP32)

50?20

&37.5?0&1S (USP32) linear gradient

17.1–20.0

80

&100&1S (USP32)

20

&0&1S (USP32)
re-equilibration

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] IN-PROCESS REVISION 295



BRIEFING

Proguanil Hydrochloride. It is proposed to reinstate this
monograph, which was previously admitted to USP XIV under the
title ‘‘Chloroguanide Hydrochloride’’. This monograph was omitted
from USP XV in 1955 when the drug product, Paludrine, containing
this drug substance, was discontinued. In 2000, FDA approved
a new combination drug, Atovaquone and Proguanil Hydrochloride
Tablets (Malarone).
The proposal is based on the monograph for Proguanil

Hydrochloride in the European Pharmacopoeia. For the liquid
chromatographic procedure in the Related compounds test, the
LiChrospher and Spherisorb brands of L1 column are reported as
acceptable. Data were received indicating that YMC-Pack ODS-A
brand of L1 column is also suitable for this test. The typical retention
time for the proguanil peak is about 6 to 9 minutes.

(MD-AA: B. Davani; E. Gonikberg) RTS—C49315

Add the following:

&Proguanil Hydrochloride

C11H16ClN5 �HCl 290.19

Biguanide, 1-(4-chlorophenyl)-5-isopropyl, hydrochloride.

1-(p-Chlorophenyl)-5-isopropylbiguanide hydrochloride

[637-32-1].

» Proguanil Hydrochloride contains not less than

98.5 percent and not more than 101.0 percent of

C11H16ClN5 �HCl, calculated on the dried basis.

Packaging and storage—Preserve in well-closed, light-

resistant containers, and store at room temperature.

USP Reference standards h11i—USP Proguanil Hydro-

chloride RS. USP Proguanil Related Compound C RS. USP

Proguanil Related Compound D RS.

Identification—

A: Infrared Absorption h197Ki.

B: It meets the requirements of the test for Chloride

h191i.

Acidity or alkalinity—To 35 mL of water maintained at 608

to 658, add 0.4 mL of methyl red–methylene blue TS.

Neutralize to a gray color with either 0.01 N sodium

hydroxide or 0.01N hydrochloric acid. Add 400 mg of

Proguanil Hydrochloride, and stir until completely dissolved.

The solution is gray or green. Not more than 0.2 mL of 0.01N

hydrochloric acid is required to change the color of the

solution to reddish-violet.

Loss on drying h731i—Dry it at 1058 for 2 hours: it loses not

more than 0.5% of its weight.

Residue on ignition h281i: not more than 0.1%.

Limit of chloroaniline—

Naphthylethylenediamine dihydrochloride solution—Dis-

solve 0.1 g of naphthylethylenediamine dihydrochloride in

water and dilute with the same solvent to 100 mL. [NOTE—

Prepare immediately before use.]

Procedure—Dissolve 100 mg in 1 mL of 2N hydrochloric

acid, and dilute with water to 20 mL. Cool to 58. Add 1 mL of

a 3.45 g per L solution of sodium nitrite, and allow to stand at

58 for 5 minutes. Add 2 mL of a 50 g per L solution of

ammonium sulfamate, and allow to stand for 10 minutes. Add

2 mL of Naphthylethylenediamine dihydrochloride solution,

dilute with water to 50 mL, and allow to stand for 30 minutes.

Any red color produced is not more intense than that of

a standard prepared at the same time and in the same manner,

using 20 mL of a 1.25 mg per L solution of chloroaniline (250

ppm).

Related compounds—

Mobile phase—Dissolve 3.78 g of sodium hexanesulfonate

in a mixture of 1200 mL of methanol, 800 mL of water, and

10 mL of glacial acetic acid.

Standard stock solution—Dissolve an accurately weighed

quantity of USP Proguanil Hydrochloride RS inMobile phase

to obtain a solution having a known concentration of about

0.1 mg per mL.
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Standard solution—Quantitatively dilute a suitable portion

of the Standard stock solution with Mobile phase to obtain

a solution having a known concentration of about 0.2 mg per

mL.

Related compound C solution—Dissolve an accurately

weighed quantity of USP Proguanil Related Compound C RS

inMobile phase to obtain a solution having a concentration of

about 0.5 mg per mL. [NOTE—USP Proguanil Related

Compound C RS is 1,5-bis(4-chlorophenyl)biguanide.]

Related compound D solution—Dissolve an accurately

weighed quantity of USP Proguanil Related Compound D RS

inMobile phase to obtain a solution having a concentration of

about 0.5 mg per mL. [NOTE—USP Proguanil Related

Compound D RS is 1,5-bis(1-methylethyl)biguanide.]

System suitability solution—Dilute 1 mL of the Standard

stock solution with Mobile phase to 200 mL. To 1 mL of the

resulting solution, add 1 mL of Related compound D solution,

and mix.

Test solution—Dissolve 10.0 mg of Proguanil Hydrochlo-

ride in Mobile phase, and dilute with Mobile phase to 100.0

mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with either a program-

mable variable wavelength detector or two separate detectors

capable of monitoring at 230 nm and at 254 nm, and a

4.6-mm 6 12.5-cm or 4.6-mm 6 15-cm column that

contains 5-mm packing L1. The flow rate is about 1 mL per

minute. Chromatograph the System suitability solution at 230

nm, and record the peak responses as directed for Procedure:

the resolution, R, between proguanil related compound D and

proguanil peaks is not less than 5. Chromatograph the

Standard solution at 230 nm, and record the peak responses

as directed for Procedure: the relative standard deviation for

replicate injections is not more than 10.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Related compound C solution, Related compound D

solution, Standard solution, and the Test solution into

a chromatograph and record the chromatograms at both

wavelengths for at least five times the retention time of the

proguanil peak. Identify the components based on their

relative retention times, which are about 0.46 for proguanil

related compound D, 1.0 for proguanil, and about 2.5 for

proguanil related compound C, and measure the responses for

the major peaks. Calculate the percentage of proguanil related

compounds C and D, as detected at 230 nm, in the portion of

Proguanil Hydrochloride taken by the formula:

100(CS /CT)(rU / rS)

in which CS and CT are the concentrations, in mg per mL, of

proguanil hydrochloride in the Standard solution and the Test

solution, respectively; rU is the peak response for proguanil

related compounds C and D, respectively, obtained from the

Test solution at 230 nm; and rS is the peak response for the

proguanil peak obtained from the Standard solution at 230

nm: not more than 0.2% of proguanil related compound C

and not more than 0.2% of proguanil related compound D is

found.

Calculate the percentage of any other impurity, as detected

at 230 nm and at 254 nm, in the portion of Proguanil

Hydrochloride taken by the formula:

100(CS /CT)(rU / rS)

in which CS and CT are the concentrations, in mg per mL, of

proguanil hydrochloride in the Standard solution and the Test

solution, respectively; rU is the peak response for each

impurity, obtained from the Test solution at 230 nm or at 254

nm, respectively; and rS is the peak response for the proguanil

peak obtained from the Standard solution at 230 nm or at 254

nm, respectively: not more than 0.1% of any other impurity is

found. Calculate the percentage of total impurities as the sum

of the calculated percentage contents of known and unknown

impurities, considering each peak at the wavelength at which

the peak shows the higher value: not more than 0.5% is

found. Disregard any peak below 0.05%.
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Assay—Suspend 100 mg of Proguanil Hydrochloride in 20

mL of glacial acetic acid, shake, and heat at 508 for 5 minutes.

Cool to room temperature, and add 40 mL of acetic

anhydride. Titrate with 0.1 N perchloric acid, determining

the endpoint potentiometrically. Each mL of 0.1 N perchloric

acid is equivalent to 14.51 mg of C11H16ClN5 �HCl.&1S (USP32)

BRIEFING

Pseudoephedrine Hydrochloride, USP 30 page 3069. On the
basis of comments received, it is proposed to replace the TLC
procedure in the Ordinary impurities test and the titration method in
the Assay with a validated stability indicating HPLC method;
therefore, the proposed revision presented in PF 34(1) [Jan.–Feb.
2008] for the Ordinary impurities test is hereby canceled. In
addition, the upper Assay specification is being revised from 100.5 to
102.0 to reflect the change in the analytical technique. The liquid
chromatographic procedures in the test for Chromatographic purity
and in the Assay are based on analyses performed on an Eclipse
XBD Phenyl brand of L11 column. The typical retention time for the
pseudophedrine peak is about 5.4 minutes.

(MD-CCA: C. Anthony) RTS—C59108

Change to read:

» Pseudoephedrine Hydrochloride contains not less than
98.0 percent and not more than 100.5

&102.0&1S (USP32)

percent of C10H15NO �HCl, calculated on the dried
basis.

Change to read:

USP Reference standards h11i—USP Pseudoephedrine Hydro-
chloride RS.

&USP Ephedrine Sulfate RS.&1S (USP32)

Delete the following:

&Ordinary impurities h466i—
Test solution: alcohol.
Standard solution: alcohol.
Eluant: a mixture of alcohol, glacial acetic acid, and water

(10 : 3 : 1).
Visualization—Dry the plate overnight in a hood or for 2 hours

with a current from a hot air dryer. In a pre-equilibrated closed
chamber, on the bottom of which there are iodine crystals, expose the
plate to iodine vapors for not less than 30 minutes.&1S (USP32)

Add the following:

&Chromatographic purity—Use the chromatogram of the

Assay preparation, obtained as directed in the Assay.

Calculate the percentage of each impurity in the portion of

Pseudoephedrine Hydrochloride taken by the formula:

100 (ri / rs)

in which ri is the response of the individual impurity; and rs is

the sum of all the responses in the chromatogram: the sum of

all the impurities found is not more than 2.0%.&1S (USP32)

Change to read:

Assay—Dissolve about 400 mg of Pseudoephedrine Hydrochloride,
accurately weighed, in a mixture of 50 mL of glacial acetic acid and
10 mL of mercuric acetate TS, add 1 drop of crystal violet TS, and
titrate with 0.1N perchloric acid VS to a blue-green endpoint.
Perform a blank determination, and make any necessary correction.
Each mL of 0.1N perchloric acid is equivalent to 20.17 mg of
C10H15NO �HCl.

&Triethylamine–phosphoric acid solution—Mix 5 mL of

triethylamine with 1 L of water. Adjust with phosphoric acid

to a pH of 6.8 .

Mobile phase—Prepare a filtered and degassed mixture of

Triethylamine–phosphoric acid solution and methanol

(90 : 10). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

System suitability solution—Prepare a solution in water

containing about 0.1 mg of USP Pseudoephedrine Hydro-

chloride RS and 0.002 mg of USP Ephedrine Sulfate RS per

mL.

Standard preparation—Dissolve an accurately weighed

quantity of USP Pseudoephedrine Hydrochloride RS in water

to obtain a solution having a known concentration of about

0.1 mg per mL.

Assay preparation—Transfer about 100 mg of Pseudoe-

phedrine Hydrochloride, accurately weighed, to a 100-mL

volumetric flask, and dissolve in and dilute with water to

volume. Dilute the solution, stepwise if necessary, to obtain

a final concentration of 0.1 mg per mL.
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Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 206-nm detector

and a 3.0-mm 6 15-cm column that contains packing L11.

The flow rate is about 0.6 mL per minute. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure: the relative retention times are about

0.9 for ephedrine and 1.0 for pseudoephedrine; the resolution,

R, between the pseudoephedrine and ephedrine peaks is not

less than 2.0; the tailing factor for the pseudoephedrine peak

is not more than 2.0; and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Assay preparation and the Standard preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

C10H15NO �HCl, in the portion of Pseudoephedrine Hydro-

chloride taken by the formula:

100 (CS /CU)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

pseudoephedrine hydrochloride in the Standard preparation

and Assay preparation respectively; and rU and rS are the peak

responses obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP32)

BRIEFING

Ranitidine Hydrochloride, USP 30 page 3102 and page 1752 of
PF 32(6) [Nov.–Dec. 2006]. On the basis of comments received, it is
proposed to establish a reporting level for impurities.

(MD-GRE: E. Gonikberg) RTS—C58140

Change to read:

Chromatographic purity—
Diluent, Mobile phase, Resolution solution, and Chromatographic

system—Proceed as directed in the Assay.
Standard solution—Prepare as directed for Standard preparation

in the Assay.
Test solution—Prepare as directed for Assay preparation in the

Assay.

Procedure—Separately inject equal volumes (about 10 mL) of the
Standard solution and the Test solution into the chromatograph,
record the chromatograms, and identify the ranitidine peak and the
peaks due to impurities and degradation products listed in the table
below.

Name
Relative

Retention Time
Ranitidine simple nitroacetamide

~1
~USP31

0.14

Ranitidine oxime

~2
~USP31

0.21

Ranitidine amino alcohol
hemifumarate

~3
~USP31

0.45

Ranitidine diamine hemifumarate1

~4
~USP31

0.57

Ranitidine S-oxide2

~5
~USP31

0.64

Ranitidine N-oxide

~6
~USP31

0.72

Ranitidine complex nitroacetamide

~7
~USP31

0.84

Ranitidine formaldehyde adduct

~8
~USP31

1.36

Ranitidine bis-compound3

~9
~USP31

1.75

1 Ranitidine related compound A
~

N-Methyl-2-nitroacetamide.~USP31

2 Ranitidine related compound C
~

3-(Methylamino)-5,6-dihydro-2H-1,4-thiazin-2-one oxime.~USP31

3 Ranitidine related compound B
~

{5-[(Dimethylamino)methyl]furan-2-yl}methanol.~USP31

4 ~

5-{[(2-Aminoethyl)thio]methyl}-N,N-dimethyl-2-furanmethana-
mine (ranitidine related compound A).~USP31

5 ~

N-{2-[({5-[(Dimethylamino)methyl]-2-furanyl}methyl)sulfiny-
l]ethyl}-N’-methyl-2-nitro-1,1-ethenediamine (ranitidine related
compound C).~USP31

6 ~

N,N-Dimethyl(5-{[(2-{[1-(methylamino)-2-nitroethenyl]ami-
no}ethyl)sulphanyl]methyl}furan-2-yl)methanamine N-oxide.~USP31

7 ~

N-{2-[({5-[(Dimethylamino)methyl]furan-2-yl}methyl)sulphan-
yl]ethyl}-2-nitroacetamide.~USP31

8 ~

2,2’-Methylenebis(N-{2-[({5-[(dimethylamino)methyl]furan-2-
yl}methyl)sulphanyl]ethyl}-N’-methyl-2-nitroethene-1,1-dia-
mine).~USP31

9 ~

N,N ’-bis{2-[({5-[(Dimethylamino)methyl]-2-furanyl}-
methyl)thio]ethyl}-2-nitro-1,1-ethenediamine (ranitidine related
compound B).~USP31
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Measure the responses for the major peaks, and calculate the
percentage of each impurity in the portion of Ranitidine
Hydrochloride taken by the formula:

20,000C/W(ri / rS)

~100CV/W(ri / rS)~USP31

in which C is the concentration, in mg per mL, of ranitidine
hydrochloride in the Standard solution;

~V is the volume, in mL, of the Test solution;~USP31
W is the weight, in mg, of Ranitidine Hydrochloride taken to prepare
the Test solution; ri is the peak response for each impurity obtained
from the Test solution; and rS is the ranitidine peak response obtained
from the Standard solution: not more than 0.3% of ranitidine bis-
compound is found, not more than 0.1% of any other single impurity
is found, and not more than 0.5% of total impurities is found.

&The reporting level for impurities is 0.05%.&1S (USP32)

Change to read:

Assay—
Phosphate buffer—Place approximately 1900 mL of water in

a 2.0-L volumetric flask, accurately add 6.8 mL of phosphoric acid,
and mix. Accurately add 8.6 mL of 50% sodium hydroxide solution,
and dilute with water to volume. If necessary, adjust with 50%
sodium hydroxide solution or phosphoric acid to a pH of 7.1, and
filter.
Solution A—Prepare a mixture of Phosphate buffer and acetoni-

trile (98 : 2).
Solution B—Prepare a mixture of Phosphate buffer and acetoni-

trile (78 : 22).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Diluent—Use Solution A.
Standard preparation—Dissolve an accurately weighed quantity

of USP Ranitidine Hydrochloride RS in Diluent to obtain a solution
having a known concentration of about 0.125 mg of ranitidine
hydrochloride per mL.
Resolution solution—Transfer about 1.3 mg of USP Ranitidine

Resolution Mixture RS to a 10-mL volumetric flask, and dissolve in
and dilute with Diluent to volume. [NOTE—USP Ranitidine
Resolution Mixture RS contains ranitidine hydrochloride and four
related impurities: ranitidine amino alcohol hemifumarate, ranitidine
diamine hemifumarate, ranitidine N-oxide, and ranitidine complex
nitroacetamide.]
Assay preparation—Transfer about 25 mg of Ranitidine Hydro-

chloride, accurately weighed, to a 200-mL volumetric flask. Dissolve
in and dilute with Diluent to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 230-nm detector and
a 4.6-mm 6 10-cm column containing 3.5-mm packing L1 that is
stable from pH 1 to 12. The flow rate is about 1.5 mL per minute.
The column temperature is maintained at 358. The chromatograph is
programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–10 100?0 0?100 linear gradient
10–15 0 100 isocratic
15–16 0?100 100?0 linear gradient
16–20 100 0 re-equilibration

Chromatograph the Resolution solution, and identify the peaks using
the table of impurities and degradation products (found above): the
resolution, R, between the peaks for ranitidine N-oxide and ranitidine
complex nitroacetamide is not less than 1.5. Chromatograph the

Standard preparation, and record the peak responses as directed for
Procedure: the relative standard deviation for replicate injections is
not more than 1.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the areas for the
major peaks. Calculate the quantity, in mg,

~percentage~USP31
of C13H22N4O3S �HCl in the portion of Ranitidine Hydrochloride
taken by the formula:

200C(rU / rS)

~100(CS / CU)(rU / rS)~USP31

in which C is the concentration, in mg per mL, of USP Ranitidine
Hydrochloride RS in the Standard preparation;

~CS and CU are the concentrations, in mg per mL, of ranitidine

hydrochloride in the Standard preparation and the Assay

preparation, respectively;~USP31
and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively.

BRIEFING

Sulfadoxine, USP 30 page 3242. On the basis of validation data,
it is proposed to replace the nonspecific titration method for the
Assay with a more selective HPLC method. The analysis was
performed with the Phenomenex Luna brand of column containing
3-mm packing L11. An additional Identification test based on
retention time requirement is also proposed.

(MDAA: B. Davani; L. Santos) RTS—C57851

Change to read:

Identification—
A: Infrared Absorption h197Ki.
B: Ultraviolet Absorption h197Ui—
Solution: 6 mg per mL.
Medium: 0.1N sodium hydroxide.

&C: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&1S (USP32)

Change to read:

Assay—Proceed with Sulfadoxine as directed under Nitrite Titration
h451i. Each mL of 0.1M sodium nitrite is equivalent to 31.03 mg of
C12H14N4O4S.

&0.1% Phosphoric acid solution—Add 1 mL of phosphoric

acid to water, and dilute to 1000 mL.
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Mobile phase—Prepare a suitable degassed and filtered

mixture of 0.1% Phosphoric acid solution and acetonitrile

(83 : 17). Make adjustments if necessary (see System

suitability under Chromatography h621i.

Standard preparation—Transfer an accurately weighed

quantity of USP Sulfadoxine RS to a suitable volumetric

flask, dissolve first with acetonitrile using about 17% of the

final volume, then dilute with 0.1% Phosphoric acid solution

to volume and mix to obtain a solution having a known

concentration of about 0.4 mg of sulfadoxine per mL.

Assay preparation—Transfer an accurately weighed quan-

tity of Sulfadoxine to a suitable volumetric flask, dissolve first

with acetonitrile using about 17% of the final volume, then

dilute with 0.1% Phosphoric acid solution to volume and mix

to obtain a solution having a known concentration of about

0.4 mg of sulfadoxine per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detector

and a 2.0-mm 6 10-cm column that contains 3-mm packing

L11. The flow rate is about 0.3 mL per minute. Chromato-

graph replicate injections of the Standard preparation, and

record the peak responses as directed for Procedure: the

tailing factor is not more than 1.8; and the relative standard

deviation for replicate injections is not more than 1.0%.

Procedure—Separately inject equal volumes (about 5 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percent, of C12H14N4O4S in the portion of Sulfadoxine taken

by the formula:

100(CS /CU)(rU / rS)

in which 100 is the percent conversion factor; CS is the

concentration, in mg per mL, of USP Sulfadoxine RS in the

Standard preparation; CU is the concentration, in mg per mL,

of Sulfadoxine in the Assay preparation; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP32)

BRIEFING

Sulfadoxine and Pyrimethamine Tablets, USP 30 page 3243.
On the basis of supporting validation data, in the Assay it is proposed
to replace the existing HPLC method with a method that provides
better resolution between the sulfadoxine and pyrimethamine peaks.
The analysis is performed with a Phenomenex Phenyl-Hexyl brand
of column containing 3-mm packing L11.

(MDAA: B. Davani; L. Santos) RTS—C57192

Change to read:

Assay—
Mobile phase—Prepare a suitable degassed and filtered mixture of

dilute glacial acetic acid (1 in 100) and acetonitrile (4 : 1).
Internal standard solution—Prepare a solution of phenacetin in

acetonitrile having a concentration of 1 mg per mL.
Standard stock solution—Transfer about 500 mg, accurately

weighed, of USP Sulfadoxine RS and 25 mg, accurately weighed,
of USP Pyrimethamine RS to a 100-mL volumetric flask, dissolve in
35 mL of acetonitrile, dilute with Mobile phase to volume, and mix.
Standard preparation 1—Pipet 25 mL of Standard stock solution

and 2 mL of Internal standard solution into a 50-mL volumetric
flask, dilute with Mobile phase to volume, and mix.
Standard preparation 2—Pipet 2 mL of Standard stock solution

and 10 mL of Internal standard solution into a 250-mL volumetric
flask, dilute with Mobile phase to volume, and mix.
Assay preparations—Weigh and finely powder not less than 20

Tablets. Transfer an accurately weighed portion of the finely ground
powder, equivalent to about 500 mg of sulfadoxine and 25 mg of
pyrimethamine, to a 100-mL volumetric flask, add 35 mL of
acetonitrile, shake for 30 minutes, dilute with Mobile phase to
volume, mix, and filter. Pipet 25 mL of the filtrate and 2 mL of
Internal standard solution into a 50-mL volumetric flask, dilute with
Mobile phase to volume, and mix (Assay preparation 1). Pipet 2 mL
of the filtrate and 10 mL of the Internal standard solution into a 250-
mL volumetric flask, dilute with Mobile phase to volume, and mix
(Assay preparation 2).
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and
a 3.9-mm 6 30-cm column that contains packing L1. The flow rate
is about 2.0 mL per minute. Chromatograph five replicate injections
of the Standard preparation, and record the peak responses as
directed for Procedure: the relative standard deviation is not more
than 2.5%, and the resolution factor between sulfadoxine and
phenacetin is not less than 1.0, and between pyrimethamine and
phenacetin is not less than 1.0.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparations and the Assay preparations into the
chromatograph, record the chromatograms, and measure the
responses for the major peaks. The relative retention times are
about 0.7 for sulfadoxine and 1.0 for phenacetin and 1.3 for
pyrimethamine. Calculate the quantity, in mg, of sulfadoxine in the
portion of Tablets taken by the formula:

12.5C(RU / RS),

in which C is the concentration, in mg per mL, of USP Sulfadoxine
RS in Standard preparation 2, and RU and RS are the relative peak
response ratios obtained from Assay preparation 2 and Standard
preparation 2, respectively. Calculate the quantity, in mg, of
pyrimethamine in the portion of Tablets taken by the formula:

0.2C’(R’U / R’S),

in which C’ is the concentration, in mg per mL, of USP
Pyrimethamine RS in Standard preparation 1, and R’U and R’S are
the relative peak response ratios obtained from Assay preparation
1 and Standard preparation 1, respectively.
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&0.1% Phosphoric acid solution—Add 1 mL of phosphoric

acid to water, and dilute to 1000 mL.

Mobile phase—Prepare a suitable degassed and filtered

mixture of 0.1% Phosphoric acid solution and acetonitrile

(83 : 17). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard preparation—Transfer an accurately weighed

quantity of USP Sulfadoxine RS and USP Pyrimethamine

RS to a suitable volumetric flask, dissolve first with

acetonitrile using about 17% of the final volume, then

dilute with 0.1% Phosphoric acid solution to volume, and

mix to obtain a solution having a known concentration of

about 0.4 mg per mL and 0.02 mg per mL, respectively.

Assay preparation—Weigh and finely powder not fewer

than 10 Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 200 mg of sulfadoxine and 10

mg of pyrimethamine, to a 100-mL volumetric flask. Add

about 28 mL of acetonitrile, mix, and sonicate for about 30

minutes. Allow to cool, dilute with 0.1% Phosphoric acid to

volume, and mix. Pipet a 5.0-mL portion of this solution into

a 25-mL volumetric flask, dilute with Mobile phase to

volume, and mix. Pass a portion of this diluted solution

through a 0.45-mm PVDF filter, discard the first 5 mL, and

use the remaining filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detector

and a 2.0-mm 6 10-cm column that contains 3-mm packing

L11. The flow rate is about 0.3 mL per minute. Chromato-

graph the Standard preparation, and record the peak

responses as directed for Procedure: the resolution, R,

between pyrimethamine and sulfadoxine is not less than 8;

the tailing factor is not more than 2.0 for the pyrimethamine

peak and not more than 1.6 for sulfadoxine; and the relative

standard deviation for replicate injections is not more than

2.0%.
Procedure—Separately inject equal volumes (about 5 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percent, of the label claim, of sulfadoxine (C12H14N4O4S) and

pyrimethamine (C12H13ClN4) in the portion of Tablets taken

by the formula:

100(CS /CU)(rU / rS)

in which 100 is the percent conversion factor; CS is the

concentration, in mg per mL, of the appropriate USP

Reference Standard in the Standard preparation; CU is the

concentration, in mg per mL, of the Assay preparation, based

on label claim per Tablet; and rU and rS are the peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.&1S (USP32)

BRIEFING

Tazobactam, page 1755 of PF 32(6) [Nov–Dec. 2006]. On the
basis of comments received, the following revisions are proposed:
1. In the Assay, the Standard preparation, the Assay preparation,

and the System suitability solution are revised to indicate that
they are prepared in Mobile phase rather than in water.

2. In the Related compounds test, the solvent used as the Blank is
revised from water to Mobile phase because the Test solution is
made up in the Mobile phase.

3. The reference to the Standard solution is removed from the
Related compounds test because it is not used for quantitation.

4. The Chromatographic system section of the Assay is updated to
indicate that the tailing factor and relative standard deviation
specifications are measured using the Standard preparation
rather than the System suitability solution.

5. The calculation formula in the Assay is updated to the format
recommended in the Stimuli article in PF 31(2) [Mar.–Apr.
2005], and the units are updated to match the Definition.

In addition, editorial changes have been made to Identification test
A, the Specific rotation test, and the Related compounds test.

(MD-ANT: A. Wise) RTS—C60662

Add the following:

~Tazobactam

C10H12N4O5S 300.29
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4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 3-

methyl-7-oxo-3-(1H-1,2,3-triazol-1-ylmethyl)-, 4,4-diox-

ide, [2S-(2a,3b,5a)]-.

(2S,3S,5R)-3-Methyl-7-oxo-3-(1H-1,2,3-triazol-1-ylmethyl)-

4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 4,4-

dioxide [89786-04-9].

» Tazobactam contains not less than 98.0 percent

and not more than 102.0 percent of C10H12N4O5S,

calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed containers.

Store at controlled room temperature.

USP Reference standards h11i—USP Endotoxin RS. USP

Tazobactam RS. USP Tazobactam Related Compound A RS.

Change to read:

Identification—

A: Infrared Absorption h197Ki. , on an undried speci-

men.&&1S (USP32)

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Bacterial endotoxins h85i—The level of bacterial endotox-

ins are such that the requirements under the relevant dosage

form monograph(s) in which Tazobactam is used can be met.

Change to read:

Specific rotation h781Si: between +608 and +1678 (t =

208). between 1608 and 1678 (t = 208).&between +1608 and

+1678 measured at 208.&1S (USP32)

Test solution: 10 mg per mL, in dimethylformamide.

Microbial limits h61i—The total aerobic microbial count

does not exceed 1000 cfu per g, and the total combined molds

and yeasts count does not exceed 100 cfu per g.

pH h791i: between 1.8 and 2.8, in a solution containing 2.5

mg per mL.

Water, Method I h921i: not more than 0.6%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: 0.002%.

Change to read:

Related compounds—

Mobile phase, L-Phenylalanine solution, System suitability

solution,&&1S (USP32) and Chromatographic system—Prepare as

directed in the Assay.

Blank—Use water&Mobile phase.&1S (USP32)

Standard solution—Use the Standard preparation, pre-

pared as directed in the Assay.

&

&1S (USP32)

Test solution—Use the Assay preparation.

Procedure—Cool and maintain the Standard solution, the

System suitability solution,&&1S (USP32) the Blank and the Test

solution at 38 until injection. [NOTE—If an autosampler is

used, replace the plastic tubing connected to the injection

needle with a stainless steel assembly, and maintain at 38. If

a chilled autosampler is not used, then these solutions should

be injected immediately after preparation.] Separately inject

equal volumes (about 20 mL) of the Standard solution, the

System suitability solution,&&1S (USP32) the Blank and the Test

solution into the chromatograph, record the chromatograms,

and measure the area responses for the peaks. Calculate the

percentage of each related substance in the portion of

Tazobactam taken by the formula:

100(ri / rs)

in which ri is the response for each related compound in the

chromatogram obtained from the Test solution; and rs is the

sum of the peak responses of all the peaks in the

chromatogram obtained from the Test solution: not more

than 1.0% of tazobactam related compound A is found; not

more than 0.1% of any other individual impurity is found; and

the sum of all impurities found, other than tazobactam related
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compound A, is not greater than 0.3%. [NOTE—Ignore any

peaks in the chromatogram of the Test solution that

correspond to any peaks in the chromatogram of the Blank.]

Delete the following:

&Organic volatile impurities, Method IV h467i: meets the

requirements.&1S (USP32)

Change to read:

Assay—

Mobile phase—Dissolve 1.32 g of dibasic ammonium

phosphate in 750 mL of water. Adjust with 5% (v/v)

phosphoric acid to a pH of 2.5, dilute with water to 1000

mL, and mix. Add 30 mL of acetonitrile, mix, and pass

through a filter having a 0.2-mm porosity. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve accurately weighed quan-

tities of USP Tazobactam RS and USP Tazobactam Related

Compound A RS in water to obtain a solution having known

concentrations of about 0.5 mg per mL and 0.08 mg per mL,

respectively.&Dissolve an accurately weighed quantity of

USP Tazobactam RS in Mobile phase to obtain a solution

having a known concentration of about 0.5 mg per

mL.&1S (USP32)

L-Phenylalanine solution—Prepare an aqueous solution of

L-phenylalanine containing 0.8 mg per mL.

&

&1S (USP32)

System suitability solution—Pipet 1.0 mL of L-Phenylala-

nine solution and 5.0 mL of the Standard preparation into

a 50-mL volumetric flask. Dilute with water to volume, and

mix.&Prepare a solution in Mobile phase containing about

0.016 mg of L-phenylalanine, 0.05 mg of USP Tazobactam

RS, and 0.008 mg of USP Tazobactam Related Compound A

RS per mL.&1S (USP32)[NOTE—Maintain this solution at 38 until

injection. Prepare fresh daily.]

Assay preparation—Transfer about 25 mg of Tazobactam,

accurately weighed, to a 50-mL volumetric flask, dissolve in

and dilute with water&Mobile phase&1S (USP32) to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1.5 mL per minute. Chromatograph

20 mL of the System suitability solution, and record the peak

responses as directed for Procedure: &identify the compo-

nents on the basis of their relative retention times, which are

about 0.29 for tazobactam related compound A, 0.71 for L-

phenylalanine, and 1.0 for tazobactam;&1S (USP32) the resolu-

tion, R, between tazobactam and L-phenylalanine is not less

than 6.0. the tailing factor&Chromatograph the Standard

preparation, and record the peak responses as directed for

Procedure: the tailing factor of the tazobactam peak&1S (USP32)

is not more than 1.8; and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Cool and maintain the Standard preparation,

the System suitability solution, and the Assay preparation at

38 until injection. [NOTE—If an autosampler is used, replace

the plastic tubing connected to the injection needle with

a stainless steel assembly, and maintain at 38. If a chilled

autosampler is not used, then these solutions should be

injected immediately after preparation.] Separately inject

equal volumes (about 20 mL) of the Standard preparation and

the Assay preparation into the chromatograph, record the

chromatograms, and measure the responses for the major

peaks. Calculate the quantity, in mg,&percentage&1S (USP32) of

C10H12N4O5S in the portion of Tazobactam taken by the

formula:

50C(rU / rS)

in which C is the concentration, in mg per mL, of USP

Tazobactam RS in the Standard preparation;
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&100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Tazobactam RS in the Standard preparation; CU is the

concentration, in mg per mL, of Tazobactam in the Assay

preparation;&1S (USP32) and rU and rS are the peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.~USP31

BRIEFING

Thioguanine, USP 30 page 3338. On the basis of comments
received, the following revisions are proposed.
1. Add the USP Guanine RS in the section of USP Reference

standards. The USP Guanine RS is used for the quantitative
analysis in the test for Limit of guanine.

2. Add the Test solution in the section of Identification B for
clarification.

3. Add the System suitability solution in the test for Limit of
guanine to calculate the resolution between guanine and
thioguanine as a system suitability requirement.

(MD-OOD: F. Mao) RTS—C56653

Change to read:

USP Reference standards h11i—USP Thioguanine RS.

&USP Guanine RS.&1S (USP32)

Change to read:

Identification—
A: Infrared Absorption h197Ki.
B: The UV absorption spectrum of a 1 in 200,000 solution of it,

prepared as directed in the Assay, exhibits maxima and minima at the
same wavelengths as that of a similar solution of USP Thioguanine
RS, concomitantly measured.

&Ultraviolet Absorption h197Ui—

Test solution—Transfer about 100 mg of Thioguanine,

previously dried and accurately weighed, to a 100-mL

volumetric flask, dissolve in a mixture of 15 mL of water

and 1.5 mL of 1N sodium hydroxide, dilute with water to

volume, and mix. Transfer 10.0 mL of this solution to

a second 100-mL volumetric flask, add 1% hydrochloric acid

to volume, and mix. Finally, transfer 5.0 mL of the last

solution to a third 100-mL volumetric flask, then add 1%

hydrochloric acid to volume, and mix.

The UV absorption spectrum of the Test solution exhibits

maxima and minima at the same wavelengths as that of

a similar solution of USP Thioguanine RS, concomitantly

measured.&1S (USP32)

Change to read:

Limit of guanine—
Mobile phase—Proceed as directed in the Assay.
Standard solution

&Standard stock solution&1S (USP32)
—Dissolve an accurately weighed quantity of guanine

&USP Guanine RS&1S (USP32)
in 0.01N sodium hydroxide, and dilute quantitatively, and stepwise
if necessary, to obtain a solution having a known concentration of
about 0.04 mg per mL. Pipet 1.0 mL of this solution into a 100-mL
volumetric flask, and dilute with Mobile phase to volume to obtain
a solution having a known concentration of 0.4 mg per mL.

&

&1S (USP32)

&Standard solution—Transfer 1.0 mL of Standard stock

solution into a 100-mL volumetric flask, and dilute with

Mobile phase to volume to obtain a solution having a known

concentration of 0.4 mg per mL.&1S (USP32)
Test solution—Transfer about 40 mg of Thioguanine, accurately

weighed, to a 100-mL volumetric flask, dissolve in and dilute with
0.01N sodium hydroxide to volume, and mix. Transfer 10.0 mL of
this solution into a 100-mL volumetric flask, dilute with Mobile
phase to volume, and mix.

&System suitability solution—Transfer 1.0 mL of Standard

stock solution into a 100-mL volumetric flask, and dilute with

the Test solution to volume.&1S (USP32)
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 248-nm detector and
a 4.6-mm 6 5-cm column that contains packing L1. The flow rate is
about 2.0 mL per minute. Chromatograph the Standard solution

&System suitability solution,&1S (USP32)
and record the peak responses as directed for Procedure: the relative
retention times are about 0.60 for guanine and 1.0 for thioguanine;
the resolution, R, between guanine and thioguanine is not less than
3.0.

&Chromatograph the Standard solution, and record the peak

responses as directed for Procedure:&1S (USP32)
the tailing factor is not more than 2.0; and the relative standard
deviation for replicate injections is not more than 5.0% for the
guanine peak.
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Procedure—Separately inject equal volumes (about 10 mL) of the
Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the responses for the major
peaks. Calculate the percentage of guanine in the portion of
Thioguanine taken by the formula:

100(C/W)(rU / rS)

in which C is the concentration, in mg per mL, of guanine in the
Standard solution; W is the weight, in mg, of Thioguanine taken to
prepare the Test solution; and rU and rS are the peak responses of
guanine obtained from the Test solution and the Standard solution,
respectively: not more than 2.5% is found.

BRIEFING

Tiagabine Hydrochloride, USP 30 page 3350 and page 4130 of
the Second Supplement. In the test for Chromatographic purity, it is
proposed that the name of the impurity eluting at a relative retention
time of 1.13 be changed to be consistent with its chemical structure.

(MD-PP: D. Vicchio; R. Ravichandran) RTS—C60309

Change to read:

Chromatographic purity—
Solution A—Use a filtered and degassed solution of water adjusted

with phosphoric acid to a pH of 2.3.
Solution B—Use filtered and degassed acetonitrile.
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Standard stock solution—Dissolve an accurately weighed quantity

of USP Tiagabine Hydrochloride RS in water to obtain a solution
having a known concentration of about 1 mg per mL.
Standard solution—Dilute a portion of the Standard stock solution

quantitatively, and stepwise if necessary, with water to obtain
a solution having a known concentration of about 0.001 mg per mL.
Resolution solution—Dissolve an accurately weighed quantity of

USP Tiagabine Related Compound A RS in water to obtain
a solution having a known concentration of about 1 mg per mL.
Transfer 1.0 mL of this solution and 1.0 mL of the Standard stock
solution to a 10-mL volumetric flask, dilute with water to volume,
and mix.

Test solution—Transfer about 100 mg of Tiagabine Hydrochlo-
ride, accurately weighed, to a 100-mL volumetric flask. Dissolve in
and dilute with water to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and
a 4.6-mm 6 15-cm column that contains 5-mm packing L1. The
flow rate is about 1.0 mL per minute. The chromatograph is
programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 75 25 equilibration
0–30 75?45 25?55 linear gradient
30–40 45?10 55?90 linear gradient
40–45 10 90 isocratic

Chromatograph the Resolution solution, and record the peak
responses as directed for Procedure: the resolution, R, between
tiagabine hydrochloride and tiagabine related compound A is not
less than 9.0. Chromatograph the Standard solution, and record the
peak responses as directed for Procedure: the relative standard
deviation for replicate injections is not more than 2.0%.
Interference check—Inject water as the blank: no interfering peaks

are observed.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure all the peak responses.
Calculate the percentage of each impurity in the portion of Tiagabine
Hydrochloride taken by the formula:

100F(ri / rs)

in which F is the relative response factor (see the accompanying
table for values) for each impurity; ri is the peak response for each
impurity obtained from the Test solution; and rs is the sum of the
responses of all the peaks, excluding the solvent peaks. (See the
accompanying table for limits of individual impurities.) Not more
than 1.0% of total impurities is found.

Compound Name
Relative Retention Time

(approximate) F Limit (%)
(R)-1-[4,4-Bis(3-methyl-2-thienyl)-3,4-dihydroxybutyl]-3-piperidinecar-
boxylic acid

0.51 0.75 0.2

(R)-1-[4,4-Bis(3-methyl-2-thienyl)-3-oxybutyl]-3-piperidinecarboxylic acid 0.79 0.63 0.1
(R)-1-[4-(3-Methyl-2-thienyl)-4-(2-thienyl)-3-butenyl]-3-piperidinecarboxylic
acid

0.93 1.00 0.1

Tiagabine 1.0 — —
(R)-Methyl

&

&1S (USP32)

1-[[4-(x-methyl-2-thienyl)-4-(y-methyl-2-thienyl)]-3-butenyl]-3-piperidinecar-
boxylic acid &*

&2S (USP30)

1.13 1.00 0.6

(R)-Methyl 1-[4,4-bis(3-methyl-2-thienyl)-3-butenyl]-3-piperidinecarboxylate 1.32 1.01 0.2
Tiagabine related compound A 1.39 1.04 0.2
4,4-Bis(3-methyl-2-thienyl)-3-buten-1-ol 1.98 0.97 0.2
Bis(3-methyl-2-thienyl)methanone 2.27 0.39 0.1
4,4-Bis(3-methyl-2-thienyl)-3-buten-1-ol, methanesulfonate 2.33 0.96 0.1
2,2-Bis(3-methyl-2-thienyl)tetrahydrofuran 2.54 0.94 0.1
Any unknown impurity — 1.00 0.1

&* Where possible x,y combinations include (3,4), (4,3), (4,4), (5,5), (4,5), (5,4), (3,5), and (5,3).
&2S (USP30)
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BRIEFING

Tobramycin Inhalation Solution, USP 30 page 3369. On the
basis of comments received, the following changes are proposed.
1. The TLC identification test (Identification test A in the

monograph for Tobramycin) is not included in this monograph.
2. The HPLC identification test is no longer cross referenced to

Identification test B in the Tobramycin monograph, but is now
included in this monograph.

3. The title of general chapter h785i was revised and is corrected.
4. The name of the Chromatographic purity test has been updated

to Related compounds. The relative retention times and limits of
related compounds are organized in a table for clarity.
Concentrations of the Standard solution and Test solution are
expressed in mg per mL because the Standard solution is
relatively dilute. The calculation formula for the Related
compounds test has been updated per the recommendations in
the Stimuli article on page 626 of PF 31(2) [Mar.–Apr. 2005].

5. The Other requirements section, which referenced the identi-
fication tests in the monograph for Tobramycin, has been
deleted.

6. The Assay is updated to remove references to the monograph
for Tobramycin. The concentration of the Assay preparation is
expressed as mg per mL rather than mg per mL. The calculation
formula is corrected and updated per the recommendations in
the Stimuli article on page 626 of PF 31(2) [Mar.–Apr. 2005]
and corrected so that the units match the Definition.

(MD-ANT: A. Wise) RTS—C43391

Add the following:

&Identification—The retention time of the major peak in the

chromatogram of the Derivatized assay preparation corre-

sponds to that in the chromatogram of the Derivatized

standard preparation, as obtained in the Assay.&1S (USP32)

Change to read:

Osmolarity

&Osmolality and Osmolarity&1S (USP32)
h785i: the osmolality is between 135 and 200 mOsmol per kg.

Change to read:

Chromatographic purity

&Related compounds—&1S (USP32)
Solution A—Prepare a filtered and degassed mixture of water,

acetonitrile, and phosphoric acid (95 : 5 : 0.08).
Solution B—Prepare a filtered and degassed mixture of acetoni-

trile, water, and phosphoric acid (75 : 25 : 0.08).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Blank solution—Use water.
2 , 4 - D i n i t r o fl u o r o b e n z e n e r e a g e n t a n d

Tris(hydroxymethyl)aminomethane reagent—Proceed as directed in
the Assay. under Tobramycin.

&

&1S (USP32)
System suitability stock solution—Dissolve an accurately weighed

quantity of USP Tobramycin RS in water, and adjust with 1N
sulfuric acid to a pH of 6.0. Dilute with water to obtain a solution
having a known concentration of about 1.1 mg per mL.

System suitability solution 1—Dilute the System suitability stock
solution quantitatively, and stepwise if necessary, with water to
obtain a solution having a known concentration of about 0.22 mg per
mL.
System suitability solution 2—Heat a portion of the System

suitability stock solution in a suitable sealed glass container at 1008
for 8 to 9 hours. Cool to room temperature, and dilute with water to
obtain a solution having a known concentration of about 0.22 mg per
mL.
Standard solution—Prepare a solution of about 55 mg of USP

Tobramycin RS, accurately weighed, in a 50-mL volumetric flask.
Dissolve in water, add 1.0 mL of 1.0N sulfuric acid, dilute with
water to volume, and mix. Dilute

&Dilute a portion of Stock standard preparation, prepared as

directed in the Assay&1S (USP32)
quantitatively, and stepwise if necessary, with water to obtain
a solution having a concentration of 1.10 mg of tobramycin per mL.
Test solution—Transfer an accurately measured volume of

Inhalation Solution, equivalent to about 240 mg of tobramycin, to
a 50-mL volumetric flask, dilute with water to volume, and mix.
Dilute quantitatively, and stepwise if necessary, with water to obtain
a solution having a concentration of 192 mg of tobramycin per mL.

&Proceed as directed for Assay preparation in the Assay to

obtain a solution having a nominal concentration of about 192

mg of tobramycin per mL, based on the label claim.&1S (USP32)
Derivatization procedure—[NOTE—Heat all solutions at the same

temperature and for the same duration as indicated. Move all flasks
to and from the 608 constant-temperature bath at the same time.] To
separate 50-mL flasks transfer 15.0 mL of System suitability solution
1, 15.0 mL of System suitability solution 2, 15.0 mL of Standard
solution,15.0 mL of Test solution, and 15.0 mL of Blank solution. To
each flask, add 10 mL of 2,4-Dinitrofluorobenzene reagent and 10
mL of Tris(hydroxymethyl)aminomethane reagent, shake, and insert
the stopper. Place the flasks in a constant-temperature bath at
60+ 28, and heat for 50+ 5 minutes. Remove the flasks from the
bath, and allow to stand for 10 minutes. Add acetonitrile to about
2 mL below the 50-mL mark, allow to cool to room temperature,
dilute with acetonitrile to volume, and mix. Allow the solutions to
stand for 16 hours. The solutions thus obtained are Derivatized
system suitability solution 1, Derivatized system suitability solution
2, the Derivatized standard solution, the Derivatized test solution,
and the Derivatized blank solution.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 365-nm detector and
a 4.6-mm 6 25-cm column that contains packing L11. The flow rate
is about 1.2 mL per minute. The chromatograph is programmed as
follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 79 21 equilibration
0–14 79?66 21?34 linear gradient
14–25 66?30 34?70 linear gradient
25–35 30 70 isocratic
35–40 30?20 70?80 linear gradient
40–50 20?5 80?95 linear gradient

Chromatograph Derivatized system suitability solution 2, and record
the peak responses as directed for Procedure: the capacity factor, k’
determined from tobramycin is not less than 15.5. Chromatograph
Derivatized system suitability solution 1, and use the chromatogram
to locate the degradation peaks from comparison to Derivatized
system suitability solution 2 (deoxystreptamine kanosaminide and
nebramine will increase in response in Derivatized system suitability
solution 2 when viewed at a 0–10 mAbs unit or 0–5 mV unit full
scale). Record the peak responses as directed for Procedure. : the
relative retention times are about 0.36 for an impurity, 0.66 for
deoxystreptamine kanosaminide, 0.94 for nebramine, 0.96 for
kanamycin B, and 1.00 for tobramycin.
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&identify the tobramycin and the related compound peaks by

their relative retention times, which are listed in the table

below;&1S (USP32)
the resolution, R, between the nebramine and kanamycin peaks is not
less than 1.0. The relative standard deviation

&of the peak corresponding to tobramycin&1S (USP32)
for replicate injections of the Derivatized standard solution is not
more than 2.0%.
Procedure—Separately inject equal volumes (about 45 mL) of

Derivatized system suitability solution 1, Derivatized system
suitability solution 2, the Derivatized standard solution, the
Derivatized test solution, and the Derivatized blank solution,
record the chromatograms, and measure the peak responses,
disregarding any peak corresponding to those obtained from the
Derivatized blank solution, and subtracting the quantities of any
such peaks found at the relative retention times of 0.36, 0.66, and
0.94 from those found in the Derivatized test solution. For unknown
peak determinations, disregard any peaks found in the chromatogram
of the Derivatized test solution that correspond to those in the
chromatogram of Derivatized system suitability solution 1. Calculate
the percentage of each impurity in relation to the tobramycin content
of the Inhalation Solution taken by the formula:

(110/192)(ri / rS)

in which

&(CS /CU)(ri / rS)(100)

in which CS is the concentration, in mg per mL, of USP

Tobramycin RS in the Standard solution; CU is the

concentration, in mg per mL, of tobramycin in the Test

solution; &1S (USP32)
ri is the peak area of any impurity obtained from the Derivatized test
solution; and rS is the peak area for tobramycin obtained from the
Derivatized standard solution: not more than 0.25% of the impurity
noted at a relative retention time of 0.36 is found; not more than
0.3% of deoxystreptamine kanosaminide is found; not more than
0.4% of nebramine is found; not more than 0.1% of any unknown
impurity is found; not more than 0.2% of total unknown impurities is
found; and not more than 1.0% of total impurities is found.

&Derivatized standard solution. The specified and unspecified

impurities meet the limits shown below.

Name

Relative

Retention

Time Limit (%)

Specified unidentified

impurity

0.36 NMT 0.25%

Deoxystreptamine

kanosaminide

0.66 NMT 0.3%

Nebramine 0.94 NMT 0.4%

Kanamycin 0.96 —

Name

Relative

Retention

Time Limit (%)

Tobramycin 1.0 —

Any unspecified individual

impurity

— NMT 0.1%

Total unspecified impurities — NMT 0.2%

Total impurities — NMT 1.0%

&1S (USP32)

Delete the following:

&Other requirements—It meets the requirements for the Identifi-
cation tests under Tobramycin.&1S (USP32)

Change to read:

Assay—
Mobi l e phase , 2 ,4 -D in i t rofluorobenzene reagen t ,

Tris(hydroxymethyl)aminomethane reagent, Standard preparation,
Der iva t i za t ion procedure , Reso lu t ion so lu t ion , and
Chromatographic system—.Proceed as directed in the Assay under
Tobramycin

&Mobile phase—Dissolve 2.0 g of tris(hydroxymethyl)ami-

nomethane in about 800 mL of water. To this solution add 20

mL of 1N sulfuric acid, dilute with acetonitrile to obtain 2000

mL of solution, and mix. Allow to cool, and pass through

a filter of 0.2-mm or finer porosity. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

2,4-Dinitrofluorobenzene reagent—Prepare a solution of

2,4-dinitrofluorobenzene in alcohol having a concentration of

10 mg per mL. [NOTE—This solution may be used for 5 days

if refrigerated when not in use.]

Tris(hydroxymethyl)aminomethane reagent—Prepare

a stock solution of tris(hydroxymethyl)aminomethane in

water having a concentration of 15 mg per mL. [NOTE—

This stock solution may be used for 1 month if refrigerated

when not in use.] Transfer 40 mL of this stock solution to

a 200-mL volumetric flask, add dimethyl sulfoxide with

mixing, dilute with dimethyl sulfoxide to volume, and mix.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
308 IN-PROCESS REVISION Vol. 34(2) [Mar.–Apr. 2008]



Use this reagent within 4 hours. [NOTE—If kept immersed in

an ice-water bath below 108, the reagent may be used for up

to 8 hours.]

Stock standard preparation—Transfer about 55 mg of USP

Tobramycin RS, accurately weighed, to a 50-mL volumetric

flask, add 1 mL of 1N sulfuric acid and enough water to

dissolve it, dilute with water to volume, and mix.

Standard preparation—Transfer 10.0 mL of the Stock

standard preparation to a second 50-mL volumetric flask,

dilute with water to volume, and mix, to obtain a solution

having a known concentration of about 0.22 mg of USP

Tobramycin RS per mL.&1S (USP32)
Assay preparation—Transfer an accurately measured volume of

Inhalation Solution to a suitable volumetric flask, and quantitatively
dilute with water to obtain a solution having a concentration of about
192 mg of tobramycin per mL.

&nominal concentration of about 0.192 mg of tobramycin per

mL, based on the label claim.

Derivatization procedure—[NOTE—Heat all solutions at the

same temperature and for the same duration of time as

indicated. Move all flasks to and from the 608 constant

temperature bath at the same time.] To separate 50-mL

volumetric flasks transfer 4.0 mL of the Standard prepara-

tion, 4.0 mL of the Assay preparation, and 4.0 mL of water.

To each flask add 10 mL of 2,4-Dinitrofluorobenzene reagent

and 10 mL of Tris(hydroxymethyl)aminomethane reagent,

shake, and insert the stopper. Place the flasks in a constant

temperature bath at 60+ 28, and heat for 50+ 5 minutes.

Remove the flasks from the bath, and allow to stand for 10

minutes. Add acetonitrile to about 2 mL below the 50-mL

mark, allow to cool to room temperature, then dilute with

acetonitrile to volume, and mix. The solutions thus obtained

are the Derivatized standard preparation, the Derivatized

assay preparation, and the Blank preparation, respectively.

Resolution solution—Prepare a fresh solution of p-naph-

tholbenzein in acetonitrile having a known concentration of

about 0.24 mg per mL. Transfer 2 mL of this solution to a

10-mL volumetric flask, dilute with Derivatized standard

preparation to volume, and use promptly.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 365-nm detector

and a 3.9-mm 6 30-cm column containing packing L1. The

flow rate is about 1.2 mL per minute. Chromatograph the

Blank preparation, and record the responses as directed for

Procedure. Identify the solvent and reagent peaks. Chromat-

ograph the Resolution solution, and record the responses as

directed for Procedure: identify the peaks based on their

relative retention times, which are about 0.6 for p-naphthol-

benzein and 1.0 for tobramycin; the resolution, R, between

the p-naphtholbenzein and tobramycin peaks is not less than

4.0. Chromatograph the Derivatized standard preparation,

and record the responses as directed for Procedure: the

relative standard deviation of the peak corresponding to

tobramycin for replicate injections is not more than

2.0%.&1S (USP32)
Procedure—Proceed as directed in the Assay under Tobramycin.-

Calculate the quantity, in mg, of tobramycin (C18H37N5O9) in each
mL of Inhalation Solution by the formula:

(CE)(L/D)(rU / rS)

in which C, E, rU , and rS are as defined therein; L is the labeled
quantity, in mg, of tobramycin per mL in the Inhalation Solution
taken; and D is the concentration, in mg per mL, of tobramycin in the
Assay preparation.

&Separately inject equal volumes (about 20 mL) of the

Derivatized standard preparation and the Derivatized assay

preparation into the chromatograph, record the chromato-

grams, and measure the area responses for the major peaks.

Calculate the percent of label claim of tobramycin

(C18H37N5O9) in the Inhalation Solution by the formula:

(CS /CU)(P / 1000)(rU / rS)(100)

in which CS is the concentration, in mg per mL, of USP

Tobramycin RS in the Standard preparation; CU is the

concentration, in mg per mL, of tobramycin in the Assay

preparation; (P / 1000) is the potency of tobramycin,

converted from mg per mg to mg per mg, in USP Tobramycin

RS; and rU and rS are the tobramycin peak area responses

obtained from the Derivatized assay preparation and the

Derivatized standard preparation, respectively.&1S (USP32)
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BRIEFING

Trandolapril. Because there is no existing USP monograph for
this drug substance, a new monograph is being proposed based on
the validated methods. The liquid chromatographic procedure in the
test for Related compounds is based on analyses performed using an
X-terra RP18, 3.5-mm column of packing L1. The typical retention
time for the trandolapril peak is about 14.5 minutes using this
method.

(MD-CV: S. Ramakrishna) RTS—C56168

Add the following:

&Trandolapril

C24H34N2O5 430.54

1H-Indole-2-carboxylic acid, octahydro N-[(2S)-1-ethoxy-1-

oxo-4-phenylbutan-2-yl]-1-alanyl (2S,3aR,7aS).

(2S,3aR,7aS)-1-[(S)-N-[(S)-1-Carboxy-3-phenylpropyl]ala-

nyl]hexahydro-2-indolinecarboxylic acid, 1-ethyl

ester [87679-37-6].

» Trandolapril contains not less than 99.0 percent

and not more than 101.0 percent of C24H34N2O5,

calculated on the anhydrous basis.

Packaging and storage—Preserve in tight, light-resistant

containers. Store at room temperature.

USP Reference standards h11i—USP Trandolapril RS. USP

Trandolapril Related Compound C RS. USP Trandolapril

Related Compound D RS.

Identification—

A: Infrared Absorption h197Ki or h197Mi.

B: It complies with the test for Specific rotation.

Specific rotation h781Si: between –16.58 to –18.58 at 208.

Test solution: 0.0 2 g per mL in dehydrated alcohol.

Water, Method Ic h921i: not more than 0.2%. Use 1.0 g of

sample.

Residue on ignition h281i: not more than 0.1%. Use 2.0 g

of sample.

Related compounds—

Solution A—Prepare a filtered and degassed mixture of

acetonitrile and a solution of monobasic potassium phosphate

(6.8 g/L adjusted to pH 2.5+ 0.1 with phosphoric acid,

25 : 75).

Solution B—Prepare a filtered and degassed mixture of

acetonitrile and a solution of monobasic potassium phosphate

(6.8 g per L adjusted to pH 2.3+ 0.1 with phosphoric acid,

50 : 50).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments, if necessary (see System Suitability under

Chromatography h621i).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Trandolapil RS, in a suitable volumetric flask with

Solution A. Dilute, stepwise if necessary, with the same to

prepare a solution having a known concentration of about

0.0025 mg per mL.

Resolution solution—Transfer known amounts of each of

USP Trandolapril Related Compound C RS and USP

Trandolapril Related Compound D RS, accurately weighed,

into a suitable volumetric flask. Dissolve in and dilute the

contents of the flask with Solution A to obtain a solution

having a known concentration of 0.05 mg per mL of each of

the Reference Standards.

Test solution—Transfer about 25 mg of Trandolapril,

accurately weighed, to a 10-mL volumetric flask. Dissolve

in and dilute with Solution A to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 15-cm column that contains packing L1.
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The column temperature is maintained at about 408. The flow

rate is about 1.3 mL per minute. The chromatograph is

programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–20 95 5 isocratic

20–35 95?5 5?95 linear gradient

35–45 5 95 isocratic

45–46 5?95 95?5 linear gradient

46–60 95 5 isocratic

Chromatograph the Resolution solution, and record the

responses as directed for Procedure: the resolution, R,

between the peaks due to trandalopril related compound C

and trandalopril related compound D is not less than 4; the

tailing factor is 51.5; and the relative standard deviation for

replicate injections is not more than 3.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of each impurity in

the portion of Trandolapril taken by the formula:

(100 /F)(CS /CU) / (ri / rS)

in which CS is the concentration of the USP Trandolapril RS

in the Standard solution; CU is the concentration of the

Trandolapril in the Test solution;ri is the peak response for

each impurity obtained from the Test solution; rS is the peak

response of USP Trandolapril RS from the Standard solution;

and F is the relative response factor. The relative retention

time (RRT), relative response factor (RRF), and the limits of

impurities are specified in the table below.

Related Compound

Relative

Retention

Time (min-

utes)

Relative

Response

Factor (F)

Limit

(%)

Trandalopril related

compound C1

2.1 2.2 NMT

0.2

Trandalopril related

compound D2

2.5 1.0 NMT

0.5

Unspecified impuri-

ties

— 1 NMT

0.1

Total impurities other

than trandalopril

related compound

D

— — NMT

0.5

1 (2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-cyclohexylpropyl]-L-alanyl]-
hexahydro-2-indolinecarboxylic acid 1-ethyl ester.
2 (S)-Ethyl 2-[(3S, 5aS, 9aR, 10aS)-3-methyl-1,4-dioxodecahydro-
pyrazino[1,2-a]indol-2(1H)-yl)]-4-phenyl butanoate.

Assay—Dissolve about 300 mg of Trandolapril, accurately

weighed, in 50 mL of anhydrous acetic acid, and mix. Titrate

with 0.1M perchloric acid, determining the endpoint

potentiometrically. Perform a blank determination using 50

mL of anhydrous acetic acid, and make any necessary

correction. Each mL of 0.1M perchloric acid is equivalent to

43.05 mg of C24H34N2O5.&1S (USP32)
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BRIEFING

Valproic Acid Injection, page 3836 of the First Supplement. The
title of this monograph is being revised from Valproic Acid Injection
to Valproate Sodium Injection. This title change is based on a request
received subsequent to publication of the ‘‘Implementation Process
for Monograph Naming Policy for Salt Drug Substances in Drug
Products and Compounded Preparations’’ on the USP Web site
http://www.usp.org/USPNF/notices/generalChapter1121.html. The
relevant portion of that Implementation Process document is as
follows: ‘‘Cancel, upon request, any USP-proposed dosage form
monograph title that (1) was proposed before 1March 2007, but is
not yet official, and (2) differs from the interim established name for
that dosage form, and propose a new monograph title that conforms
to the interim established name with respect to active moiety/salt
title/strength terminology, except in cases where safety issues are
involved. The Nomenclature Expert Committee (NOM EC) will
review such safety issue cases on an individual basis.’’ The
Implementation Process further indicates that in this period between
1March 2007 and 1May 2013 (the official date of implementation of
the new Monograph Naming Policy for Salt Drug Substances in
Drug Products and Compounded Preparations), USP strongly
encourages industry to adopt titles conforming to the Policy to
increase consistency and decrease practitioners’ confusion. The title
‘‘Valproic Acid Injection’’ was presented in the First Supplement to
USP 30 when the monograph first became official, and was
scheduled to become mandatory on October 1, 2008. The proposal
to implement the title ‘‘Valproic Acid Injection’’ is now cancelled.
Please direct any comments or questions to Dr. Andrzej Wilk, Senior
Scientist and Scientific Liaison to the Nomenclature Expert
Committee (301-816-8305 or aw@usp.org.). In the absence of any
significant adverse comments, it is proposed to implement this
revision via the Interim Revision Announcement pertaining to USP
31–NF 26 in PF 34(4) [July–Aug. 2008]. The use of the title
‘‘Valproate Sodium’’ becomes mandatory on August 1, 2008.

(MDPP: R. Ravichandran; NOM: A. Wilk) RTS—C57125

Change to read:

Valproic Acid Injection

.Valproate Sodium Injection.4

Change to read:

»Valproic Acid Injection

.Valproate Sodium Injection.4
is a sterile aqueous solution of sodium valproate, formed
from the interaction of Valproic Acid and Sodium
Hydroxide, in Water for Injection, and one or more
suitable buffering or sequestering agents. It contains not
less than 90.0 percent and not more than 110.0 percent
of the labeled amount of valproic acid (C8H16O2). It
contains no antimicrobial agents.

DIETARY SUPPLEMENTS—
MONOGRAPHS

BRIEFING

Calcium Citrate Tablets. Because there is no existing USP
monograph for this dietary supplement, a new monograph is being
proposed. Inductively coupled plasma-atomic emission spectroscopy
(ICP-AES) is used in Method 1 and atomic absorption in Method
2 for calcium determination in the test for Assay for calcium.

(DSN: L. Evans; DS-BA: P. Jin; MSA: R. Tirumalai) RTS—
C56684

Add the following:

&Calcium Citrate Tablets

» Calcium Citrate Tablets contains not less than

90.0 percent and not more than 110.0 percent of the

labeled amount of Calcium (Ca).

Packaging and storage—Preserve in well-closed containers.

Labeling—The label states the quantity of calcium in terms

of mg per Tablet.

Identification—

A: The Assay preparation from the Assay for calcium

produces line emissions or absorptions at the characteristic

wavelengths for calcium.

B: Grind a Tablet to a fine powder in a mortar. Transfer

the powder to a centrifuge tube, add 2 to 5 mL of water,

sonicate for 1 minute, shake, and centrifuge. The supernatant

responds to the tests for Citrate and Calcium h191i.

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 103 cfu per g. The total combined yeast

and mold count does not exceed 102 cfu per g.

Absence of specified microorganisms h2022i—It meets the

requirements of the test for absence of Escherichia coli.
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Disintegration and dissolution h2040i: meet the require-

ments for Disintegration only; 15 minutes.

Weight variation h2091i: meet the requirements.

Assay for calcium—

METHOD 1—[NOTE—A standard stock solution is commer-

cially available at different calcium concentrations, which

may be used where preparation of a Calcium standard stock

solution is described in the following Assay. Necessary

volumetric adjustment can be made in the Standard

preparation. Concentrations of the Standard preparation

and the Assay preparation may be modified to fit the linear or

working range of the instrument.]

Calcium standard stock solution—Accurately weigh about

1.001 g of calcium carbonate, previously dried at 3008 for

3 hours and cooled in a desiccator for 2 hours, and dissolve in

25 mL of 1N hydrochloric acid. Boil to expel carbon dioxide,

and dilute with water to 100 mL to obtain a solution having

a known concentration of about 4,000 mg of calcium per L.

Standard preparation—To a 200-mL volumetric flask add

100 mL of water and 4 mL of nitric acid, and mix thoroughly.

Pipette 25.0 mL of the Calcium standard stock solution into

the volumetric flask, and dilute with water to volume to

obtain a solution having a known concentration of about 500

mg of calcium per L.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of the

powdered Tablets, equivalent to about 0.1 g of calcium, to

a 50-mL flask. Add 4 mL of nitric acid, and heat the solution

to boil gently during which fuming evolves. Boil the solution

for an additional 30 minutes with constant swirling during

which no fuming should be observed. Cool the solution to

room temperature, quantitatively transfer all of the solution to

a 200-mL volumetric flask, dilute with water to volume, mix,

and filter.

Inductively coupled plasma system (see Plasma

Spectrochemistry h730i)—The inductively coupled plasma-

atomic emission spectrometer is set to measure the emission

line corresponding to Ca at the wavelength of about 317.93

nm. [NOTE —The operating conditions may be developed and

optimized based on the manufacturer’s recommendation. A

typical setting includes radio frequency (RF) power of about

1300 watts, argon torch flow of about 15 L per minute, argon

auxiliary flow of about 0.2 L per minute, and the nebulizer

flow rate of about 0.8 L per minute.]

Procedure—Determine the emission of the Standard

preparation, the Assay preparation, and 2% nitric acid as

the blank at the line for calcium indicated above. Calculate

the quantity, in mg, of calcium (Ca) in the portion of Tablets

taken by the formula:

0.2C(rU / rS)

in which C is the concentration of the Standard preparation,

in mg per L; and rU and rS are the responses of calcium

obtained from the Assay preparation and the Standard

preparation, respectively.

METHOD 2—Proceed as directed for Assay for calcium in the

monograph for Oil- and Water-Soluble Vitamins with

Minerals Tablets.&1S (USP32)

BRIEFING

Potassium Citrate Tablets. Because there is no existing USP
monograph for this dietary supplement, the following new
monograph is being proposed. For potassium determination,
inductively coupled plasma-atomic emission spectroscopy (ICP-
AES) is used in Method 1 for the Assay preparation, and atomic
absoprtion is used in Method 2.

(DSN: L. Evans; DS-BA: P. Jin; MSA: R. Tirumalai) RTS—
C56435
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Add the following:

&Potassium Citrate Tablets

» Potassium Citrate Tablets contain not less than

90.0 percent and not more than 110.0 percent of the

labeled amount of potassium (K).

Packaging and storage—Preserve in well-closed containers.

Labeling—The label states the quantity of potassium in terms

of mg per Tablet.

Identification—

A: The Assay preparation produces line emissions or

absorptions at the characteristic wavelengths for potassium.

B: Grind a Tablet to a fine powder in a mortar. Transfer

the powder to a centrifuge tube, add 2 to 5 mL of water,

sonicate for 1 minute, shake, and centrifuge. The supernatant

responds to the tests for Citrate h191i.

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 103 cfu per g. The total combined yeast

and mold count does not exceed 102 cfu per g.

Absence of specified microorganisms h2022i: meet the

requirement of the test for absence of Escherichia coli.

Disintegration and dissolution h2040i: meet the require-

ments for Dissolution.

Medium: water; 900 mL.

Apparatus 2: 75 rpm.

Time: 30 minutes.

Procedure—Pipette 10.0 mL of the filtered pooled solution

under test to a 50-mL volumetric flask, and dilute with 2%

nitric acid solution to 50 mL. Determine the amount of

potassium (K) dissolved in the diluted dissolution sample,

employing the procedure set forth in the Assay, making any

necessary volumetric adjustments.

Tolerances—Not less than 75% of the labeled amount of K

is dissolved in 30 minutes.

Weight variation h2091i: meet the requirements.

Assay—[NOTE—A standard stock solution is commercially

available at different potassium concentrations. Necessary

volumetric adjustment can be made in the Standard

preparation. Concentrations of the Standard preparation

and the Assay preparation may be modified to fit the linear or

working range of the instrument.]

METHOD 1—

Potassium standard stock solution—Dissolve 190.7 mg of

potassium chloride, previously dried at 1058 for 2 hours, in

water. Transfer to a 100-mL volumetric flask, dilute with

water to volume, and mix. This solution contains 1000 mg of

potassium (equivalent to 1907 mg of potassium chloride) per

L.

Standard preparation—To a 50-mL volumetric flask add 20

mL of water and 1 mL of nitric acid, and mix thoroughly.

Pipette 10.0 mL of the Potassium standard stock solution into

a volumetric flask, and dilute with water to volume to obtain

a solution having a known concentration of about 200 mg of

potassium per L.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of the

powdered Tablets, equivalent to about 0.1 g of potassium, to

a 50-mL flask. Add 10 mL of nitric acid, and heat the solution

to a gentle boil during which fuming evolves. Boil the

solution for an additional 30 minutes with constant swirling

during which no fuming should be observed. Cool the

solution to room temperature. Quantitatively transfer all of the

solution to a 500-mL volumetric flask, dilute with water to

volume, mix, and filter.

Inductively coupled plasma system (see Plasma

Spectrochemistry h730i)—The inductively coupled plasma-

atomic emission spectrometer is set to measure the emission

line corresponding to K at the wavelength of about 766.49

nm. [NOTE—The operating conditions may be developed and

optimized based on the manufacturer’s recommendation. A

typical setting includes radio frequency power of about 1300
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watts, argon torch flow of about 15 L per minute, argon

auxiliary flow of about 0.2 L per minute, and nebulizer flow

rate of about 0.8 L per minute.]

Procedure—Determine the emission of the Standard

preparation, the Assay preparation, and a 2% nitric acid

solution as the blank at the wavelength indicated above.

Calculate the quantity, in mg, of potassium (K) in the portion

of Tablets taken by the formula:

0.5C(rU / rS)

in which C is the concentration, in mg per L, of the Standard

preparation: and rU and rS are the responses of potassium

obtained from the Assay preparation and Standard prepara-

tion, respectively.

METHOD 2—Proceed as directed in the Assay for potassium

in the monograph for Oil- and Water-Soluble Vitamins with

Minerals Tablets.&1S (USP32)

BRIEFING

Zinc Citrate. Because there is no existing monograph for this
dietary ingredient, the following new dietary supplement monograph
is being proposed. The specifications and procedures described are
based on validated methods.

(DSN: L. Evans; MSA: R. Tirumalai) RTS—C56721

Add the following:

&Zinc Citrate

C12H10O14Zn3 � 2H2O 610.36

2-Hydroxy-1,2,3-propanetricarboxylic acid zinc salt, dihy-

drate [5990-32-9].

Anhydrous [546-46-3].

» Zinc Citrate contains not less than 33.3 percent of

zinc (Zn), calculated on the dried basis.

Packaging and storage—Preserve in well-closed containers.

Identification—A solution (1 in 10) meets the requirements

of the test for Zinc h191i and for Citrate h191i

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 103 cfu per g. The total combined yeast

and mold count does not exceed 102 cfu per g.

Absence of specified microorganisms h2022i—It meets the

requirements of the test for absence of Escherichia coli.

Loss on drying—Dry it at 1058 for 2 hours: it loses not more

than 1.0% of its weight.

Chloride h221i—A 1.0-g portion shows no more chloride

than corresponds to 0.7 mL of 0.020N hydrochloric acid

(0.05%).

Sulfate h221i—A 1.8-g portion shows no more sulfate than

corresponds to 0.5 mL of 0.020N sulfuric acid (0.05%).

Limit of arsenic, cadmium, and lead—

Arsenic standard solution—Transfer 5.0 mL of an arsenic

ICP standard solution (10 mg per L) to a 50-mL volumetric

flask, and dilute with a 1% nitric acid solution (v/v) to

volume.

Cadmium standard solution—Transfer 5.0 mL of a cadmi-

um ICP standard solution (10 mg per L) to a 50-mL

volumetric flask, and dilute with a 1% nitric acid solution (v/

v) to volume.

Lead standard solution—Transfer 5.0 mL of a lead ICP

standard solution (10 mg per L) to a 50-mL volumetric flask,

and dilute with a 1% nitric acid solution (v/v) to volume.

Multi-element standard solution—Pipet 0.5 mL of the Lead

standard solution, 250 mL of the Cadmium standard solution,

and 150 mL of the Arsenic standard solution into a 50-mL

volumetric flask, and add 1% nitric acid to volume, yielding

final concentrations of 10 mg of lead per L, 5 mg of cadmium

per L, and 3 mg of arsenic per L.
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Test solution—Transfer about 0.1 g of Zinc Citrate,

accurately weighed, to a 50-mL volumetric flask, and dissolve

in and dilute with 1% nitric acid to volume.

Inductively coupled plasma system (see Plasma

Spectrochemistry h730i)—The inductively coupled plasma–

mass spectrometer is set to measure the mass corresponding

to arsenic (As), lead (Pb), and cadmium (Cd). [NOTE—The

operating conditions may be developed and optimized based

on the manufacturer’s recommendation. A typical setting

includes radio frequency (RF) power of about 1350 watts, and

a nebulizer flow rate of about 0.9 L per minute.]

Procedure—Analyze the Multi-element standard solution,

the Test solution, and a 1% nitric acid solution as the blank.

Calculate the quantity, in mg of arsenic (As) per g, mg of lead

(Pb) per g, and mg of cadmium (Cd) per g in the portion of

Zinc Citrate taken: not more than 3 mg of arsenic per g, not

more than 5 mg of cadmium per g, and not more than 10 mg of

lead per g is found.

Assay—Dissolve about 350 mg of Zinc Citrate, previously

dried at 1058 and accurately weighed, in 60 mL of water. Add

10 mL of ammonia–ammonium chloride buffer TS and 0.1

mL of eriochrome black TS, and titrate with 0.05M edetate

disodium VS to a blue endpoint. Each mL of 0.05M edetate

disodium is equivalent to 3.27 mg of zinc (Zn).&1S (USP32)

BRIEFING

Zinc Citrate Tablets. Because there is no existing USP
monograph for this dietary supplement, a new monograph is being
proposed. Inductively coupled plasma-atomic emission spectroscopy
(ICP-AES) is used in Method 1 and atomic absoprtion in Method
2 for zinc determination in the test for Assay and Dissolution.

(DSN: L. Evans; DS-BA: P. Jin; MSA: R. Tirumalai) RTS—
C56434

Add the following:

&Zinc Citrate Tablets

» Zinc Citrate Tablets contains not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of zinc (Zn).

Packaging and storage—Preserve in well-closed containers.

Labeling—The label states the quantity of zinc in mg per

Tablet.

Identification—

A: The Assay preparation from the Assay produces line

emissions or absorption at the characteristic wavelengths for

zinc.

B: Transfer a quantity of powdered Tablets, equivalent to

about 15 mg of zinc, to a centrifuge tube, add 2 to 5 mL of

water, sonicate for 1 minute, shake, and centrifuge. The

supernatant meets the requirement for the test for Citrate

h191i.

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 103 cfu per g. The total combined yeast

and mold count does not exceed 102 cfu per g.

Absence of specified microorganisms h2022i—It meets the

requirement of the test for absence of Escherichia coli.

Disintegration and dissolution h2040i: meet the require-

ments for Dissolution.

Medium: water; 900 mL.

Apparatus 2: 75 rpm.

Time: 60 minutes.

Procedure—Pipette 10.0 mL of filtered pooled solution

under test into a 50-mL volumetric flask, and dilute with 2%

nitric acid to 50 mL. Determine the amount of zinc (Zn)

dissolved, employing the procedure set forth in the Assay,

making any necessary volumetric adjustments.

Tolerances—Not less than 75% of the labeled amount of Zn

is dissolved in 60 minutes.
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Weight variation h2091i: meet the requirements.

Assay—

METHOD 1—[NOTE—A standard stock solution is commer-

cially available at different zinc concentrations, which may be

used where preparation of a Zinc standard stock solution is

described in the following Assay. Necessary volumetric

adjustment can be made to the Standard preparation.

Concentrations of the Standard preparation, and the Assay

preparation may be modified to fit the linear or working

range of the instrument.]

Zinc standard stock solution—Dissolve 625 mg of zinc

oxide, accurately weighed, and previously ignited to constant

weight, in 10 mL of nitric acid, and add water to make 500.0

mL. This solution contains 1,000 mg of zinc per L.

Standard preparation—To a 500-mL volumetric flask add

200 mL of water and 10 mL of nitric acid, and mix

thoroughly. Pipette 10.0 mL of the Zinc standard stock

solution into the volumetric flask, and dilute with water to

volume to obtain a solution having a known concentration of

about 20 mg of zinc per L.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of the

powdered Tablets, equivalent to about 0.1 g of zinc, to a 50-

mL flask. Add 10 mL of nitric acid, and heat the solution on

a hot plate to boil gently during which fuming evolves. Boil

the solution for an additional 30 minutes with constant

swirling during which no fuming should be observed. Cool

the solution to room temperature, quantitatively transfer all of

the solution to a 500-mL volumetric flask, dilute with water to

volume, and mix. Pipette 25.0 mL of this solution into a 250-

mL volumetric flask, add 5 mL of nitric acid, dilute with

water to volume, mix, and filter.

Inductively coupled plasma system (see Plasma

Spectrochemistry h730i)—The inductively coupled plasma-

atomic emission spectrometer is set to measure the emission

line corresponding to Zn at the wavelength of about 206.20

nm. [NOTE—The operating conditions may be developed and

optimized based on the manufacturer’s recommendation. A

typical setting includes radio frequency (RF) power of about

1300 watts, argon torch flow of about 15 L per minute, argon

auxiliary flow of about 0.2 L per minute, and the nebulizer

flow rate of about 0.8 L per minute.]

Procedure—Determine the emission of the Standard

preparation, the Assay preparation, and a 2% nitric acid

solution as the blank, at the wavelength indicated above.

Calculate the quantity, in mg, of zinc (Zn) in the portion of

Tablets taken by the formula:

5C(rU / rS)

in which C is the concentration of the Standard preparation,

in mg per L; and rU and rS are the responses of zinc obtained

from the Assay preparation and the Standard preparation,

respectively.

METHOD 2—Proceed as directed for Assay for zinc in the

monograph for Oil- and Water-Soluble Vitamins with

Minerals Tablets.&1S (USP32)

BRIEFING

Zinc and Vitamin C Lozenges. Because there is no existing USP
monograph for this dietary supplement, a new monograph is being
proposed. Inductively coupled plasma-atomic emission spectroscopy
(ICP-AES) is used in Method 1 and atomic absoprtion in Method
2 for zinc determination in the test for Assay for zinc and in the test
for Disintegration and Dissolution.

(DSN: L. Evans; DS-BA: P. Jin; MSA: R. Tirumalai) RTS—
C56433

Add the following:

&Zinc and Vitamin C Lozenges

» Zinc and Vitamin C Lozenges contain not less

than 90.0 percent and not more than 110.0 percent

of the labeled amount of zinc (Zn), derived from

substances generally recognized as safe and
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furnishing an ionizable form of zinc; and not less

than 90.0 percent and not more than 120.0 percent

of the labeled amount of Vitamin C, as ascorbic

acid (C6H8O6), sodium ascorbate (C6H7NaO6) or

calcium ascorbate (C12H14CaO12 � 2H2O). They

contain no other vitamins or minerals for which

nutritional value is claimed. They may contain

other labeled added substances or additional

ingredients in amounts that are unobjectionable.

Packaging and storage—Preserve in well-closed containers.

Labeling—The label states the quantity of zinc and Vitamin

C in mg per Lozenge, and the salt form of zinc and the

chemical form of Vitamin C present in the Lozenges.

Identification—

A: The Assay preparation from the Assay for zinc

produces line emissions or absorptions at the characteristic

wavelengths for zinc.

B: Triturate a quantity of finely powdered Lozenges with

sufficient alcohol to make approximately the equivalent of

a 1 in 50 solution of ascorbic acid, sodium ascorbate, or

calcium ascorbate, and filter.

FOR VITAMIN C AS ASCORBIC ACID—A portion of the filtrate

reduces alkaline cupric tartrate TS slowly at room tempera-

ture but more readily upon heating.

FOR VITAMIN C AS SODIUM ASCORBATE OR CALCIUM

ASCORBATE—Add 1 mL of 0.1N hydrochloric acid to 4 mL

of the filtrate. The solution reduces alkaline cupric tartrate TS

slowly at room temperature but more readily upon heating.

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 103 cfu per g. The total combined yeast

and mold count does not exceed 102 cfu per g.

Absence of specified microorganisms h2022i—It meets the

requirements of the test for absence of Escherichia coli.

Disintegration and dissolution h2040i: meet the require-

ments for Dissolution with respect to zinc and Vitamin C.

Medium: 0.1N hydrochloric acid; 900 mL.

Apparatus 2: 75 rpm.

Time: 60 minutes.

Procedure—Determine the amount of zinc (Zn) and

Vitamin C dissolved, employing the procedure set forth in

the Assay for zinc and in the Assay for vitamin C, making any

necessary volumetric adjustments. [NOTE—Proceed without

delay in the Vitamin C determination.]

Tolerances—Not less than 75% of the labeled amount of Zn

and Vitamin C is dissolved in 60 minutes.

Weight variation h2091i: meet the requirements.

Assay for zinc—

METHOD 1—[NOTE—A standard stock solution is commer-

cially available at different zinc concentrations, which may be

used where preparation of a Zinc standard stock solution is

described in the following Assay. Necessary volumetric

adjustment can be made to the Standard preparation.

Concentrations of the Standard preparation, and the Assay

preparation may be modified to fit the linear or working

range of the instrument.]

Zinc standard stock solution—Dissolve 625 mg of zinc

oxide, accurately weighed, and previously ignited to constant

weight, in 10 mL of nitric acid, and add water to make 500

mL. This solution contains 1,000 mg of zinc per L.

Standard preparation—To a 500-mL volumetric flask add

200 mL of water and 10.0 mL of nitric acid, and mix

thoroughly. Pipette 10.0 mL of the Zinc standard stock

solution into the volumetric flask, and then dilute with water

to volume to obtain a solution having a known concentration

of about 20 mg of zinc per L.

Assay preparation—Weigh and finely powder not fewer

than 20 Lozenges. Transfer an accurately weighed portion of

the powdered Lozenges, equivalent to about 0.1 g of zinc, to

a 50-mL flask. Add 10 mL of nitric acid, and heat the solution

on a hot plate to boil gently during which fuming evolves.

Boil the solution for an additional 30 minutes with constant

swirling during which no fuming should be observed. Cool

the solution to room temperature, quantitatively transfer all of

the solution to a 500-mL volumetric flask, dilute with water to
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volume, and mix. Pipette 25.0 mL of this solution to a

250-mL volumetric flask, add 5 mL of nitric acid, dilute with

water to volume, mix, and filter.

Inductively coupled plasma system see Plasma

Spectrochemistry h730i—The inductively coupled plasma–

atomic emission spectrometer is set to measure the emission

line corresponding to Zn at the wavelength of about 206.20

nm. [NOTE—The operating conditions may be developed and

optimized based on the manufacturer’s recommendation. A

typical setting includes radio frequency (RF) power of about

1300 Watts, argon torch flow of about 15 L per minute, argon

auxiliary flow of about 0.2 L per minute, and the nebulizer

flow rate of about 0.8 L per minute.]

Procedure—Determine the emission of the Standard

preparation, the Assay preparation, and a 2% nitric acid

solution as the blank, at the emission line for Zn at

a wavelength of about 206.20 nm. Calculate the quantity, in

mg, of zinc (Zn) in the portion of Lozenges taken by the

formula:

5C(rU /rS)

in which C is the concentration of the Standard preparation,

in mg per L; and rU and rS are the responses of zinc obtained

from the Assay preparation and the Standard preparation,

respectively.

METHOD 2—Proceed as directed in the Assay for zinc in the

monograph for Oil- and Water-Soluble Vitamins with

Minerals Tablets.

Assay for Vitamin C—Transfer not less than 20 Lozenges to

a 1000-mL volumetric flask containing 250 mL of metapho-

sphoric–acetic acids TS. Insert the stopper in the flask, and

shake by mechanical means for 30 minutes or until the

Lozenges have disintegrated completely. Dilute with water to

volume, and mix. Transfer a portion of the solution to

a centrifuge tube, and centrifuge until a clear supernatant is

obtained. Quantitatively dilute the clear supernatant with

water, if necessary, to obtain a solution containing about 500

mg of ascorbic acid per mL. Pipet 4.0 mL of the solution,

equivalent to about 2 mg of ascorbic acid, into a 50-mL

conical flask, add 5 mL of metaphosphoric–acetic acids TS,

and titrate with standard dichlorophenol–indophenol VS until

a rose-pink color persists for at least 5 seconds. Correct for

the volume of the standard dichlorophenol–indophenol VS

consumed by a mixture of 5.5 mL of metaphosphoric–acetic

acids TS and 15 mL of water. From the ascorbic acid

equivalent of the standard dichlorophenol–indophenol VS,

calculate the ascorbic acid content in each Lozenge.&1S (USP32)
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category, NF 25
page 1045, page 4046 of the Second Supplement, and page 114 of PF
34(1) [Jan.–Feb. 2008]. It is proposed to add Hydrogenated Coconut
Oil and Hydrogenated Palm Oil to the Coating Agent,Tablet Binder,
and Tablet and/or Capsule Lubricant categories to complement the
proposed new monographs for Hydrogenated Coconut Oil and Hy-
drogenated Palm Oil, which appear elsewhere in this issue of PF.

(EM1; EM2) RTS—C54946; C54945

Change to read:

Antimicrobial Preservative
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben
Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol

&Dehydroacetic Acid&2S (NF26)

~

Erythorbic Acid~NF27

Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:

Antioxidant
Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene

&Stannous Chloride&2S (NF26)

~

Erythorbic Acid~NF27

Hypophosphorous Acid
Monothioglycerol
Potassium Metabisulfite
Propyl Gallate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Change to read:

Bulking Agent for Freeze-Drying
Creatinine
Mannitol

~

Polydextrose~NF26

&Pullulan&2S (NF26)

&Trehalose&1S (NF26)

Change to read:

Coating Agent
&Amino Methacrylate Copolymer&1S (NF25)

Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose, Sodium
Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)
&Coconut Oil&1S (NF25)

&Hydrogenated Coconut Oil&1S (NF27)

Copovidone
&Corn Syrup Solids&2S (NF25)
&Ethyl Acrylate and Methyl Methacrylate Copolymer
Dispersion&1S (NF25)

Ethylcellulose
Ethylcellulose Aqueous Dispersion
Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose
Phthalate)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hyp r ome l l o s e Ph t h a l a t e ( f o rme r l y Hyd r oxyp r opy l
Methylcellulose Phthalate)

Maltodextrin
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
&Palm Kernel Oil&2S (NF25)
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&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol

&Polyvinyl Acetate&1S (NF26)

Polyvinyl Acetate Phthalate

&Pullulan&2S (NF26)

~

Fully Hydrogenated Rapeseed Oil~NF26

~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Change to read:

Desiccant
Calcium Chloride
Calcium Sulfate

&Polyvinyl Acetate&1S (NF26)

Silicon Dioxide

Change to read:

Emollient
Alkyl (C12-15) Benzoate

~

Oleyl Oleate~NF26

&Hydrogenated Polydecene&1S (NF26)

Hydrogenated Soybean Oil

Change to read:

Emulsifying and/or Solubilizing Agent
Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol

&Stannous Chloride&2S (NF26)
&Coconut Oil&1S (NF25)

Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates

&Gamma Cyclodextrin&2S (NF26)

Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate
Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)

~

Oleyl Oleate~NF26
&Palm Kernel Oil&2S (NF25)

Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)

&Propylene Glycol Monocaprylate&1S (NF26)

Propylene Glycol Monostearate

~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid
Trolamine
Wax, Emulsifying

Change to read:

Glidant and/or Anticaking Agent
Calcium Silicate
Magnesium Silicate

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide, Colloidal
Talc

Change to read:

Humectant
&Corn Syrup Solids&2S (NF25)
&Erythritol&1S (NF25)

Glycerin
Hexylene Glycol

&Inositol&2S (NF26)

Maltitol

~

Polydextrose~NF26

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution

&Hydrogenated Starch Hydrolysate&1S (NF26)

Tagatose

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] IN-PROCESS REVISION 321

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Change to read:

Ointment Base
Caprylocaproyl Polyoxylglycerides
Diethylene Glycol Monoethyl Ether
Lanolin
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow
Oleoyl Polyoxylglycerides
Polyethylene Glycol Monomethyl Ether
Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White

&Hydrogenated Polydecene&1S (NF26)

Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II

Change to read:

Plasticizer
Acetyltributyl Citrate
Acetyltriethyl Citrate
Castor Oil
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol

&Pullulan&2S (NF26)

Sorbitol Sorbitan Solution
Triacetin
Tributyl Citrate
Triethyl Citrate

Change to read:

Polymer Membrane
&Amino Methacrylate Copolymer&1S (NF25)

Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Cellaburate
Cellulose Acetate
&Ethyl Acrylate and Methyl Methacryla te Copolymer
Dispersion&1S (NF25)

&Pullulan&2S (NF26)

Change to read:

Sequestering Agent
Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Gamma Cyclodextrin&2S (NF26)
&Hydroxypropyl Betadex&2S (NF25)

&Pullulan&2S (NF26)

Sodium Tartrate

Change to read:

Solvent
Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol
~

Canola Oil~NF25

Caprylocaproyl Polyoxylglycerides
Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol
Isopropyl Alcohol
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone
Mineral Oil
Oleoyl Polyoxylglycerides
Peanut Oil

&Hydrogenated Polydecene&1S (NF26)

Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Sesame Oil
Stearoyl Polyoxylglycerides
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Change to read:

Stiffening Agent
Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Cetyl Palmitate
Hard Fat
Paraffin
Synthetic Paraffin
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~

Fully Hydrogenated Rapeseed Oil~NF26

~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

Change to read:

Suspending and/or Viscosity-Increasing Agent
Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose

Sodium

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)

Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin
Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate

&Pullulan&2S (NF26)

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
Starch, Potato
Starch, Tapioca
Starch, Wheat
Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent
Acesulfame Potassium
Aspartame
Aspartame Acesulfame

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)
&High Fructose Corn Syrup&2S (NF25)

Dextrates
Dextrose
Dextrose Excipient
&Erythritol&1S (NF25)

Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution

&Hydrogenated Starch Hydrolysate&1S (NF26)

Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose

&Trehalose&1S (NF26)

Change to read:

Tablet Binder
Acacia
Alginic Acid
&Amino Methacrylate Copolymer&1S (NF25)

Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
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&Hydrogenated Coconut Oil&1S (NF27)

Copovidone

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)

Dextrin
&Ethyl Acrylate and Methyl Methacryla te Copolymer
Dispersion&1S (NF25)

Ethylcellulose
Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Maltodextrin
Maltose
Methylcellulose

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Oxide

&Polyvinyl Acetate&1S (NF26)

Povidone

&Pullulan&2S (NF26)

Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

&Hydrogenated Starch Hydrolysate&1S (NF26)

Syrup

&Trehalose&1S (NF26)

Change to read:

Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Cellulose, Powdered

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)

Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin
Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol

&Propylene Glycol Monocaprylate&1S (NF26)

&Pullulan&2S (NF26)

Sorbitol
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

&Hydrogenated Starch Hydrolysate&1S (NF26)

Sucrose
Sugar, Compressible
Sugar, Confectioner’s

&Trehalose&1S (NF26)

Change to read:

Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline
Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium

&Pullulan&2S (NF26)

Sodium Starch Glycolate
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

&Trehalose&1S (NF26)

Change to read:

Tablet and/or Capsule Lubricant
Calcium Stearate

&Hydrogenated Coconut Oil&1S (NF27)

Glyceryl Behenate
Magnesium Stearate
Mineral Oil, Light

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
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Sodium Lauryl Sulfate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Starch
Stearic Acid
Stearic Acid, Purified
Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate

Change to read:

Tonicity Agent

~

Corn Syrup~NF27
&Corn Syrup Solids&2S (NF25)

Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Change to read:

Vehicle

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
&Corn Syrup Solids&2S (NF25)

Dextrose
Peppermint Water
Sorbitol Solution
Syrup

&Trehalose&1S (NF26)

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
~

Canola Oil~NF25

Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light

Octyldodecanol
Olive Oil
Peanut Oil

&Hydrogenated Polydecene&1S (NF26)

Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER
&Corn Syrup Solids&2S (NF25)

& Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)

&Propylene Glycol Monocaprylate&1S (NF26)

Sugar Spheres

STERILE

~

rAlbumin Human~NF27

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Change to read:

Wetting and/or Solubilizing Agent
Benzalkonium Chloride
Benzethonium Chloride
Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Pullulan&2S (NF26)

Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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MONOGRAPHS (NF)

BRIEFING

Amino Methacrylate Copolymer, page 3739 of the First
Supplement. On basis of comments and data received, the following
revisions are propsed:
1. The Definition is updated based on the Basic Butylated

Methacrylate Copolymer monograph in European Pharmaco-
poeia, Fifth Edition.

2. Under Viscosity, it is proposed to delete the dimensions of
spindle and cylinder and instead specify a shear rate. A footnote
is added suggesting a source of suitable equipment.

3. In Test 1 under Limit of monomers, the analytical procedure for
determining methyl methacrylate and butyl methacrylate
displayed insufficient stability of butyl methacrylate in the
Standard and Test solutions. This instability was eliminated by
using alternative preparations for these solutions. The calcula-
tion is revised for calculating the percentage of each monomer
in Amino Methacrylate Copolymer taken.

4. In Test 2 under Limit of monomers, the Mobile phase should be
25% (v/v) of Monobasic potassium phosphate solution
(0.025M) and 75% tetrahydrofuran. The calculation is revised
for calculating the percentage of the monomer in Amino
Methacrylate Copolymer taken.

In addition, several editorial changes have been made.

(EM2: H. Wang) RTS—C58720

Change to read:

» Amino Methacrylate Copolymer is a fully

&

&1S (NF27)

polymerized copolymer of (2-dimethylaminoethyl)
methacrylate, butyl methacrylate, and methyl methac-
rylate.

&This copolymer has a mean relative molecular

mass of about 150,000. The ratio of (2-dimethyl-

aminoethyl) methacrylate groups to butyl methac-

rylate and methyl methacrylate groups is about

2 : 1 : 1.&1S (NF27)

It contains not less than 20.8 percent and not more than
25.5 percent of dimethylaminoethyl groups (C4H10N),
calculated on the dried basis.

Change to read:

Packaging and storage—Preserve in tight containers, and store at
a temperature not exceeding

&below&1S (NF27)
258.

Change to read:

Viscosity h911i—
Test solution—Dissolve 12.5 g in a mixture of 35.0 g of acetone

and 52.5 g of isopropyl alcohol. [NOTE—Reserve a portion of this
solution for the Color of solution test.]
Procedure—Equip a suitable rotational viscosimeter with an

adapter system consisting of a measuring cylinder and a spindle. The
measuring cylinder has an internal diameter of 2.762 cm and a depth
of 13.50 cm; the spindle is 2.515 cm in diameter, 9.074 cm in height,
and has a shaft 0.40 cm in diameter. Transfer 16 mL of the Test
solution into the measuring cylinder, and adjust the temperature of
the solution and the adapter to 20+ 0.18. With the spindle rotating at
30 rpm, immediately observe and record the scale reading. Convert
the scale reading to centipoises by multiplying the reading by the
constant for the viscosimeter, the adapter system, and the speed
employed. The viscosity is between 3 and 6 centipoises.

&Equip a rotational viscometer validated for measuring low-

viscosity liquids. This low-viscosity system consists of

a measuring cylinder and a spindle.1 Transfer an appropriate

volume of the Test solution into the measuring cylinder, and

adjust the temperature of the solution and the adapter to

20+ 0.18. With the spindle rotating at an appropriate rpm

that yields a shear rate of 36.7 s–1, immediately observe and

record the scale reading. Convert the scale reading to mPa � s

by multiplying the reading by the constant for the viscometer,

the adapter system, and the speed used. The viscosity is

between 3 and 6 mPa � s.&1S (USP27)

Change to read:

Limit of monomers—
TEST 1, LIMIT OF BUTYL METHACRYLATE AND METHYL

METHACRYLATE—
pH 2.0 Phosphate buffer (0.0625M)—Prepare an aqueous

solution containing 8.9 g of anhydrous dibasic sodium phosphate
and 8.5 g of monobasic potassium phosphate per L. Adjust with
phosphoric acid to a pH of 2.0.
Mobile phase—Prepare a mixture of methanol and pH 2.0

Phosphate buffer (0.0625M) (55 : 45).
Standard solution—Prepare a solution in acetonitrile having

a concentration of about 1000 mg per mL each of butyl methacrylate
and methyl methacrylate. Dilute 1.0 mL of the solution to 250.0 mL
with water, and mix.

&Dissolve about 20 mg of butyl methacrylate, and about 10

mg of methyl methacrylate, accurately weighed, in 3 mL of n-

butanol. Dilute to 10 mL with a solvent mixture of pH 2.0

Phosphate buffer (0.0625M) and acetonitrile (60 : 40). Dilute

1.0 mL of this solution to 250.0 mL with the same solvent

1 The measuring cylinder has an internal diameter of 2.8 cm and
a depth of 13.5 cm; the spindle is 2.5 cm in diameter and 9.1 cm in
height and has a shaft that is 0.4 cm in diameter. A commercial
instrument is available, either as an ultra-low viscosity adapter from
Brookfield or as an equivalent viscometer, as long as the requirement
of shear rate is met.
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mixture, and mix. This solution contains about 8 mg per mL

of butyl methylcrylate and 4 mg per mL of methyl

methacrylate.&1S (NF27)
Test solution—Dissolve about 1.0 g of Amino Methacrylate

Copolymer, accurately weighed, in pH 2.0 Phosphate buffer
(0.0625M), and dilute with pH 2.0 Phosphate buffer (0.0625M) to
50.0 mL, and mix.

&Dissolve about 1.0 g of Amino Methacrylate Copolymer,

accurately weighed, in a solvent mixture of pH 2.0 Phosphate

buffer (0.0625M) and acetonitrile (60 : 40), dilute with the

same solvent mixture to 50.0 mL, and mix.&1S (NF27)
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 205-nm detector and
a 4.6-mm 6 12-cm column that contains packing L1. The flow rate
is about 2 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the resolution,
R, between butyl methacrylate and methyl methacrylate is not less
than 10; and the relative standard deviation for replicate injections is
not more than 3.0%.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the responses for the major
peaks. Calculate the quantity, in mg, of each monomer in the portion
of Amino Methacrylate Copolymer taken by the formula:

50C(rU / rS)

in which

&Calculate the percentage of each monomer in the portion of

Amino Methacrylate Copolymer taken by the formula:

100(10–6)(50)(C /W) (rU / rS)

in which 10–6 is a factor converting mg to g; 50 is the volume,

in mL, of the Test solution;&1S (NF27)
C is the concentration, in mg per mL, of each monomer in the
Standard solution;

&W is the weight, in g, of Amino Methaccrylate Copolymer

taken to prepare the Test solution;&1S (NF27)
and rU and rS are the peak responses of each monomer obtained from
the Test solution and the Standard solution, respectively: not more
than 0.1% of each monomer is found.

TEST 2, LIMIT OF 2-DIMETHYLAMINOETHYL METHACRYLATE—
Monobasic potassium phosphate solution (0.025M)—Prepare an

aqueous solution containing 3.4 g of monobasic potassium phos-
phate per L.
Mobile phase—Prepare a mixture of Monobasic potassium

phosphate solution (0.025M) and tetrahydrofuran (75 : 25).

&Prepare a mixture of tetrahydrofuran and Monobasic

potassium phosphate solution (0.025M) (75 : 25).&1S (NF27)
Standard solution—Prepare a solution in tetrahydrofuran having

a concentration of about 200 mg per mL of (2-dimethylaminoethyl)
methacrylate. Dilute 2.0 mL of the solution to 50.0 mL with
tetrahydrofuran, and mix.

&This solution contains about 8 mg per mL of (2-

dimethylaminoethyl) methacrylate.&1S (NF27)

Test solution—Dissolve about 1.0 g of Amino Methacrylate
Copolymer, accurately weighed, in tetrahydrofuran, dilute with
tetrahydrofuran to 50.0 mL, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 215-nm detector and
a 4.6-mm 6 12-cm column that contains packing L8. The flow rate
is about 2 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the response for the major
peak. Calculate the quantity, in mg, of (2-dimethylaminoethyl)
methacrylate in the portion of Amino Methacrylate Copolymer taken
by the formula:

50C(rU / rS)

in which

&Calculate the percentage of (2-dimethylaminoethyl) meth-

acrylate in the portion of Amino Methacrylate Copolymer

taken by the formula:

100(10–6)(50)(C /W) (rU / rS)

in which 10–6 is a factor converting mg to g; 50 is the volume,

in mL, of the Test solution;&1S (NF27)
C is the concentration, in mg per mL, of the monomer in the
Standard solution;

&W is the weight, in g, of Amino Methacrylate Copolymer

taken to prepare the Test solution;&1S (NF27)
and rU and rS are the peak responses of (2-dimethylaminoethyl)
methacrylate obtained from the Test solution and the Standard
solution, respectively: not more than 0.1% is found.

BRIEFING

Hydrogenated Coconut Oil. Because there is no existing NF
monograph for this excipient, a new monograph, based on comments
and data received, is being proposed. The test for Limit of nickel is
based on the method used in Hydrogenated Cottonseed Oil and in
Hydrogenated Soybean Oil.

(EM2: H. Wang; NOM: W. Paul) RTS—C54946

Add the following:

&Hydrogenated Coconut Oil

Hydrogenated Coconut Oil [84836-98-6].
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» Hydrogenated Coconut Oil is the product

obtained by refining and hydrogenating the oil

obtained from the seeds of Cocos nucifera

Linné (Fam. Palmae).

Packaging and storage—Preserve in tight, light-resistant

containers, and store at a temperature not exceeding 558.

Identification—

A: It meets the requirements of the test for Fatty acid

composition.

B: It meets the requirements of the test for Melting range.

Melting range h741i: between 308 and 388.

Acid value, Method II h401i: not more than 2.0.

Peroxide value h401i: not more than 5.0.

Unsaponifiable matter h401i: not more than 0.8%.

Fatty acid composition—Hydrogenated Coconut Oil ex-

hibits the following composition profile of fatty acids, as

determined in the section Fatty Acid Composition under Fats

and Fixed Oils h401i:

Carbon-Chain

Length

Number of Double

Bonds Percentage (%)

6 0 51.5

8 0 5.0–9.0

10 0 4.0–9.0

12 0 44.0–52.0

14 0 15.0–20.0

16 0 8.0–11.0

18 0 8.0–14.0

20 0 50.2

420 0 50.5

16 1 51.0

18 1 51.5

18 2 50.5

18 3 50.2

20 1 50.2

Loss on drying h731i—Dry it at 1058 for 4 hours: it loses not

more than 0.1% of its weight.

Residue on ignition h281i: not more than 0.1%, 5 g of

Hydrogenated Coconut Oil being used.

Heavy metals, Method II h231i: not more than 0.001%.

Alkaline impurities—Prepare a mixture of 2.0 g of Hydro-

genated Coconut Oil, 1.5 mL of alcohol, and 3.0 mL of

toluene. Dissolve by gentle heating. Add 0.05 mL of

bromophenol blue TS, and titrate with 0.01N hydrochloric

acid until the mixture turns yellow: not more than 0.4 mL of

0.01N hydrochloric acid is required.

Limit of nickel—

Test solution—Weigh 5.0 g of Hydrogenated Coconut Oil

into a previously tared platinum or silica crucible. Cautiously

heat the substance, and introduce into it a wick formed from

twisted ashless filter paper. Ignite the wick. When the

substance ignites, stop heating. After combustion, ignite in

a muffle furnace at about 6008. Continue the incineration until

white ash is obtained. After cooling, transfer the residue, with

the aid of two 2-mL portions of diluted hydrochloric acid, to

a 25-mL volumetric flask, add 0.3 mL of nitric acid, and

dilute with water to volume.

Nickel standard solution—Immediately before use, dilute

10 mL of nickel standard solution TS with water to 500 mL.

This solution contains the equivalent of 0.2 mg of nickel per

mL.

Standard solutions—Into three identical 10-mL volumetric

flasks, introduce respectively 1.0, 2.0, and 4.0 mL of Nickel

standard solution. To each flask, add a 2.0-mL portion of the

Test solution, and dilute with water to volume.

Procedure—Concomitantly determine the absorbances of

the Standard solutions and the Test solution at least three

times each, at the wavelength of maximum absorbance at

232.0 nm, with a suitable atomic absorption spectrophotom-

eter (see Spectrophotometry and Light-Scattering h851i)

equipped with a graphite furnace and a nickel hollow-cathode

lamp. Record the average of the steady readings for each of

the Standard solutions and the Test solution. Plot the
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absorbances of the Standard solutions and the Test solution

versus the added quantity of nickel. [NOTE—The Test solution

should be plotted as if it had a content of added nickel

equivalent to 0 mg.] Extrapolate the line joining the points on

the graph until it meets the concentration axis. The distance

between this point and the intersection of the axes represents

the concentration of nickel, C, in mg per mL, in the Test

solution. Calculate the content of nickel in the portion of

Hydrogenated Coconut Oil taken by the formula:

25C /W

in which W is the weight, in g, of Hydrogenated Coconut Oil

taken to prepare the Test solution: not more than 1 mg per g is

found.&1S (NF27)

BRIEFING

High Fructose Corn Syrup, page 4052 of the Second
Supplement. On the basis of data and comments received, it is
proposed to add a clarification for percentage of total solids in the
test for Total solids, to change ‘‘Dilute a known volume of Syrup’’ to
‘‘Dilute a known weight of Syrup’’ in the Assay preparation under
Assay, and to revise the corresponding calculation formula.

(EM2: H. Wang) RTS—C60221

Change to read:

Total solids—Determine the refractive index of Syrup at 208 or 458
(see Refractive Index h831i). Use the table below for calculating the
percentage of dry substance (percentage of total solids

&on a weight/weight basis).&1S (NF27)

Fructose
Content

% Dry
Substance

Refractive
Index at 208

Refractive
Index at 458

42% 70.5 1.4632 1.4577
71.0 1.4643 1.4589
72.0 1.4667 1.4612
73.0 1.4691 1.4635

55% 76.5 1.4774 1.4716
77.0 1.4786 1.4728
78.0 1.4811 1.4752
79.0 1.4835 1.4776

Change to read:

Assay—
Mobile phase—Use filtered and degassed water.

Standard preparation—Prepare a solution in water containing
a total of about 10% saccharide solids of USP Dextrose RS, USP
Fructose RS, and USP Maltose Monohydrate RS, in which the USP
Dextrose RS and USP Fructose RS percentage concentrations are in
the same ratio as those in the Assay preparation, based on the
labeled nominal fructose percentage for the Syrup under test.
Calculate the percentage of USP Maltose Monohydrate RS by the
formula:

100 – (F + D)

in which F is the labeled nominal fructose percentage for the Syrup
under test; and D is the difference between the specified minimum
percentage concentration of total monosaccharides for the Syrup and
F.
Assay preparation—Dilute a known volume of Syrup

&Dilute a known weight of Syrup,&1S (NF27)
determined from the results of the test for Total solids and on the
nominal total saccharides content, with water to a total saccharides
concentration of about 10% (w/v), and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a refractive index detector
maintained at 458 and a 7.8-mm 6 30-cm column that contains
packing L19. The column is maintained at a constant temperature of
about 858. The flow rate is about 0.6 mL per minute. Chromatograph
the Standard preparation, and record the peak areas as directed for
Procedure: the relative retention times are about 0.83, 1.0, and 1.32
for maltose, dextrose, and fructose, respectively; and the resolution,
R, between maltose and dextrose is not less than 1.2.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the areas for the
major peaks. Calculate the percentage of fructose and of dextrose in
the portion of Syrup taken by the formula:

100C(VA / VS S1S2)(rU / rS)

&100C{VA / [WS (0.01S1)(0.01S2)]}(rU / rS)&1S (NF27)

in which C is the concentration, in mg per mL, of USP Fructose RS
or USP Dextrose RS in the Standard preparation; VA is the volume,
in mL, of the Assay preparation; VS is the volume, in mL, of Syrup
taken to prepare the Assay preparation; S1 is the percentage of total
saccharides in the Standard preparation (corresponding to 97 for
High Fructose Corn Syrup 42% and to 95 for High Fructose Corn
Syrup 55%);

&WS is the weight, in mg, of Syrup taken to prepare the Assay

preparation; S1 is the percentage of total saccharides in the

Syrup as specified on the label;&1S (NF27)
S2 is the percentage of total solids in the Syrup as determined in the
test for Total solids; and rU and rS are the peak areas of fructose or
dextrose obtained from the Assay preparation and the Standard
preparation, respectively. Calculate the percentage of other saccha-
rides, expressed in terms of maltose, in the portion of Syrup taken by
the formula:

C(rU / rS)

&100C{VA / [WS (0.01S1)(0.01S2)]}(rU / rS)&1S (NF27)

in which C is the concentration, in mg per mL, of USP Maltose
Monohydrate RS in the Standard preparation;
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&VA is the volume, in mL, of the Assay preparation; WS is the

weight, in mg, of Syrup taken to prepare the Assay

preparation; S1 is the percentage of total saccharides in the

Syrup as specified on the label; S2 is the percentage of total

solids in the Syrup as determined in the test for Total

solids;&1S (NF27)
rU is the sum of all peak areas obtained from the Assay preparation,
except those of fructose and dextrose; and rS is the peak area of
maltose obtained from the Standard preparation.

BRIEFING

Hydrogenated Palm Oil. Because there is no existing NF
monograph for this article, it is proposed to add a new monograph
based on data and comments received, and based also on the Palm
Oil (Unhydrogenated) monograph in the Food Chemicals Codex,
Fifth Edition, pages 316-317. The test for Limit of nickel is based on
the method used in the test for Limit of nickel under Hydrogenated
Cottonseed Oil and Hydrogenated Soybean Oil.

(EM2: H. Wang; NOM: W. Paul) RTS—C54945

Add the following:

&Hydrogenated Palm Oil

R1COOCH2–CH(OOCR2)–CH2OOCR3

where R1, R2, and R3 are mainly C15 and C17.

Hydrogenated palm oil [68514-74-9].

» Hydrogenated Palm Oil is the product obtained

by refining and hydrogenating the oil obtained from

the pulp of the fruit of the oil palm Elaeis

guineensis Jacq. (Fam. Aracaceae). The product

consists mainly of triglycerides of palmitic and

stearic acids.

Packaging and storage—Preserve in tight, light-resistant

containers. No storage requirement specified.

Identification—

A: It meets the requirements of the test for Fatty acid

composition.

B: It meets the requirements of the test for Melting range.

Melting range h741i: between 588 and 628.

Acid value, Method II h401i: not more than 2.0.

Peroxide value h401i: not more than 5.0.

Unsaponifiable matter h401i: not more than 0.8%.

Fatty acid composition—Hydrogenated Palm Oil exhibits

the following composition profile of fatty acids, as deter-

mined using the procedure in the section Fatty Acid

Composition under Fats and Fixed Oils h401i:

Carbon-Chain

Length

Number of Double

Bonds Percentage (%)

512 0 52.5

14 0 0.5–5.9

16 0 32.0–47.0

18 0 49.0–57.0

20 0 51.0

22 0 51.0

16 1 52.5

18 1 52.5

18 2 50.5

18 3 50.5

Loss on drying h731i—Dry it at 1058 for 4 hours: it loses not

more than 0.1% of its weight.

Residue on ignition h281i: not more than 0.1%, 5 g of

Hydrogenated Palm Oil being used.

Heavy metals, Method II h231i: not more than 0.001%.

Alkaline impurities—Prepare a mixture of 2.0 g of Hydro-

genated Palm Oil, 1.5 mL of alcohol, and 3.0 mL of toluene.

Dissolve by gentle heating. Add 0.05 mL of bromophenol

blue TS, and titrate with 0.01N hydrochloric acid VS until

the mixture turns yellow: not more than 0.4 mL of 0.01N

hydrochloric acid is required.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
330 IN-PROCESS REVISION Vol. 34(2) [Mar.–Apr. 2008]



Limit of nickel—

Test solution—Weigh 5.0 g of Hydrogenated Palm Oil into

a previously tared platinum or silica crucible. Cautiously heat

the substance, and introduce into it a wick formed from

twisted, ashless filter paper. Ignite the wick. When the

substance ignites, stop heating. After combustion, ignite in

a muffle furnace at about 6008. Continue the incineration until

a white ash is obtained. After cooling, with the aid of two

2-mL portions of diluted hydrochloric acid, transfer the

residue to a 25-mL volumetric flask, add 0.3 mL of nitric

acid, and dilute with water to volume.

Nickel standard solution—Immediately before use, dilute

10 mL of nickel standard solution TS with water to 500 mL.

This solution contains the equivalent of 0.2 mg of nickel per

mL.

Standard solutions—Into three identical 10-mL volumetric

flasks, introduce respectively 1.0, 2.0, and 4.0 mL of Nickel

standard solution. To each flask, add a 2.0-mL portion of the

Test solution, and dilute with water to volume.

Procedure—Concomitantly determine the absorbances of

the Standard solutions and the Test solution at least three

times each, at the wavelength of maximum absorbance at

232.0 nm, with a suitable atomic absorption spectrophotom-

eter (see Spectrophotometry and Light-Scattering h851i)

equipped with a graphite furnace and a nickel hollow-cathode

lamp. Record the average of the steady readings for each of

the Standard solutions and the Test solution. Plot the

absorbances of the Standard solutions and the Test solution

versus the added quantity of nickel. [NOTE—The Test solution

should be plotted as if it had a content of added nickel

equivalent to 0 mg.] Extrapolate the line joining the points on

the graph until it meets the concentration axis. The distance

between this point and the intersection of the axes represents

the concentration of nickel, C, in mg per mL, in the Test

solution. Calculate the content of nickel in the portion of

Hydrogenated Palm Oil taken by the formula:

25C /W

in which W is the weight, in g, of Hydrogenated Palm Oil

taken to prepare the Test solution: not more than 1 mg per g is

found.&1S (NF27)
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h11i USP Reference Standards, USP 30 page 37, page 3866 of
the Second Supplement, page 2022 of PF 29(6) [Nov.–Dec. 2003],
page 1674 of PF 30(5) [Sept.–Oct. 2004], page 507 of PF 31(2)
[Mar.–Apr. 2005], page 1154 of PF 31(4) [July–Aug. 2005], page
1433 of PF 31(5) [Sept.–Oct. 2005], page 1680 of PF 31(6)
[Nov.–Dec. 2005], page 181 of PF 32(1) [Jan.–Feb. 2006], page
407 of PF 32(2) [Mar.–Apr. 2006], page 1161 of PF 32(4) [July–
Aug. 2006], page 1491 of PF 32(5) [Sept.–Oct. 2006], page 1779
of PF 32(6) [Nov.–Dec. 2006], page 95 of PF 33(1) [Jan.–Feb.
2007], page 267 of PF 33(2) [Mar.–Apr. 2007], page 497 of PF
33(3) [May–June 2007], page 716 of PF 33(4) [July–Aug. 2007],
page 981 of PF 33(5) [Sept.–Oct. 2007], page 1256 of PF 33(6)
[Nov.–Dec. 2007], and page 142 of PF 34(1) [Jan.–Feb. 2008].

(HDQ) RTS—C44965; C45456; C48315; C49315; C51485;
C56168; C56653; C57566; C60748

Add the following:

&USP Albuterol Related Compound A RS [4-[2-[(1,1-

dimethylethyl)amino]-1-hydroxyethyl]-2-methylphenol sul-

fate].&1S (USP32)

Add the following:

&USP Anastrozole RS.&1S (USP32)

Add the following:

&USP Anastrozole Related Compound A RS [2,2’-(5-meth-

yl-1,3-phenylene)bis(2-methylpropanenitrile)] (C15H18N2

226.32).&1S (USP32)

Add the following:

&USP p-Chloroaniline RS.&1S (USP32)

Add the following:

&USP Cisapride RS.&1S (USP32)

Add the following:

&USP Guan ine RS [2 - am ino - 6 - hyd roxypu r i n e ]

(C5H5N5O 151.13 CAS-73-40-5).&1S (USP32)

Add the following:

&USP Ondansetron RS.&1S (USP32)

Add the following:

&USP Orbifloxacin RS.&1S (USP32)

Add the following:

&USP Proguanil Hydrochloride RS.&1S (USP32)

Add the following:

&USP Proguanil Related Compound C RS [1,5-bis(4-chlor-

ophenyl)biguanide] (C14H13Cl2N5 322.19).&1S (USP32)

Add the following:

&USP Proguanil Related Compound D RS [1,5-bis(1-

methylethyl)biguanide, or 1,5-diisopropylbiguanide]

(C8H19N5 185.27).&1S (USP32)

Add the following:

&USP Trandalopril RS.&1S (USP32)

Add the following:

&USP Tranda l opr i l Re l a t ed Compound C RS

[(2S,3aR,7aS)-1-[N-[(S)-1-carboxy-3-cyclohexylpropyl]-L-

alanyl]hexahydro-2-indolinecarboxylic acid 1-ethyl ester]

(C24H40N2O5 436.58).&1S (USP32)

Add the following:

&USP Trandalopril Related Compound D RS [(S)-ethyl 2-

[(3S,5aS,9aR,10aS)-3-methyl-1,4-dioxodecahydropyrazi-

no[1,2-a]indol-2(1H)-yl)]-4-phenylbutanoate] (C24H32N2O4

412.52).&1S (USP32)
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Chemical Tests and Assays

IDENTIFICATION TESTS

BRIEFING

h191i Identification Tests—General, USP 30 page 139 and page
719 of PF 33(4) [July–Aug. 2007]. On the basis of comments re-
ceived suggesting that odor ID tests for acetate and ammonium
should be excluded from or replaced in this general chapter, alterna-
tive methods for these ID tests had been proposed in PF 33(4). On the
basis of new comments received, additional modifications are being
proposed in order to avoid the effects of some interferences in the
acetates ID test. The following monographs appear in this issue of
PF because they are affected by the proposed general chapter revi-
sions: Aluminum Acetate Topical Solution, Aluminum Subacetate
Topical Solution, and Mafenide Acetate Cream.

(GC: A. Hernandez-Cardoso) RTS—C59074

Change to read:

h191i IDENTIFICATION TESTS—
GENERAL

Change to read:

Under this heading are placed tests that are frequently referred to in
the Pharmacopeia for the identification of official articles.

&Before using any acid or base to modify the pH of the sample

solution, make sure that the added substance will not interfere

with the results of the test.&1S (USP32)

[NOTE—The tests are not intended to be applicable to mixtures of sub-
stances unless so specified.]

Acetate—When acetic acid or an acetate is warmed with sulfuric
acid and alcohol, ethyl acetate, recognizable by its characteristic odor,
is evolved.

&Dissolve about 30 mg of the substance to be examined in 3

mL of water, or use 3 mL of the prescribed solution. Adjust the

pH of the solution with sodium hydroxide to slightly alkaline.

Add 0.25 mL of lanthanum nitrate TS. If a white precipitate is

formed, filter the solution. Add successively 0.1 mL of iodine

and potassium iodide TS 3, and 0.1 mL of ammonia TS 2 to

the solution. If no blue color is observed, heat carefully to boil-

ing. In the presence of acetates, a dark color develops or a blue

precipitate is formed. &1S (USP32)

With neutral solutions of acetates, ferric chloride TS produces a deep

&

&1S (USP32)

red color that is destroyed by the addition of mineral acids.

Aluminum—With 6N ammonium hydroxide, solutions of alumi-
num salts yield a gelatinous, white precipitate that is insoluble in an
excess of 6N ammonium hydroxide. 1N sodium hydroxide or sodi-
um sulfide TS produces the same precipitate, which dissolves in an
excess of either of these reagents.

Ammonium—Ammonium salts are decomposed by the addition
of an excess of 1N sodium hydroxide, with the evolution of ammo-
nia, recognizable by its odor and by its alkaline effect upon moistened
red litmus paper exposed to the vapor. Warming the solution acceler-
ates the decomposition.

&Add 0.2 g of magnesium oxide to the solution in the mono-

graph. Pass a current of air through the mixture, and direct the

gas that escapes just beneath the surface of a mixture of 1 mL

of 0.1M hydrochloric acid and 0.05 mL of methyl red TS 2, as

the indicator solution. In the presence of ammonium, the color

of the indicator solution will change to yellow. After directing

the gas into the indicator solution for a sufficient period of

time, add 1 mL of freshly prepared sodium cobaltinitrite TS

to the indicator solution. Upon the addition of the sodium co-

baltinitrite TS, a yellow precipitate will form when ammonium

is present.&1S (USP32)

Antimony—With hydrogen sulfide, solutions of antimony (III)
compounds, strongly acidified with hydrochloric acid, yield an or-
ange precipitate of antimony sulfide that is insoluble in 6N ammoni-
um hydroxide, but is soluble in ammonium sulfide TS.

Barium—Solutions of barium salts yield a white precipitate with
2N sulfuric acid. This precipitate is insoluble in hydrochloric acid
and in nitric acid. Barium salts impart a yellowish-green color to a
nonluminous flame that appears blue when viewed through green
glass.

Benzoate—In neutral solutions, benzoates yield a salmon-colored
precipitate with ferric chloride TS. In moderately concentrated solu-
tions, benzoates yield a precipitate of benzoic acid upon acidification
with 2N sulfuric acid. This precipitate is readily soluble in ethyl
ether.

Bicarbonate—See Carbonate.

Bismuth—When dissolved in a slight excess of nitric acid or hy-
drochloric acid, bismuth salts yield a white precipitate upon dilution
with water. This precipitate is colored brown by hydrogen sulfide, and
the resulting compound dissolves in a warm mixture of equal parts of
nitric acid and water.

Bisulfite—See Sulfite.

Borate—To 1 mL of a borate solution, acidified with hydrochloric
acid to litmus, add 3 or 4 drops of iodine TS and 3 or 4 drops of poly-
vinyl alcohol solution (1 in 50): an intense blue color is produced.
When a borate is treated with sulfuric acid, methanol is added, and
the mixture is ignited, it burns with a green-bordered flame.

Bromide—Solutions of bromides, upon the addition of chlorine
TS, dropwise, liberate bromine, which is dissolved by shaking with
chloroform, coloring the chloroform red to reddish brown. Silver ni-
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trate TS produces in solutions of bromides a yellowish-white preci-
pitate that is insoluble in nitric acid and is slightly soluble in 6N am-
monium hydroxide.

Calcium—Solutions of calcium salts form insoluble oxalates
when treated as follows. To a solution of the calcium salt (1 in 20)
add 2 drops of methyl red TS, and neutralize with 6N ammonium
hydroxide. Add 3N hydrochloric acid, dropwise, until the solution
is acid to the indicator. Upon the addition of ammonium oxalate
TS, a white precipitate is formed. This precipitate is insoluble in
6 N acetic acid but dissolves in hydrochloric acid. Calcium salts
moistened with hydrochloric acid impart a transient yellowish-red
color to a nonluminous flame.

Carbonate—Carbonates and bicarbonates effervesce with acids,
evolving a colorless gas that, when passed into calcium hydroxide
TS, produces a white precipitate immediately. A cold solution (1 in
20) of a soluble carbonate is colored red by phenolphthalein TS,
while a similar solution of a bicarbonate remains unchanged or is only
slightly colored.

Chlorate—Solutions of chlorates yield no precipitate with silver
nitrate TS. The addition of sulfurous acid to this mixture produces
a white precipitate that is insoluble in nitric acid, but is soluble in
6N ammonium hydroxide. Upon ignition, chlorates yield chlorides,
recognizable by appropriate tests. When sulfuric acid is added to a
dry chlorate, decrepitation occurs, and a greenish yellow-gas is
evolved. [Caution—Use only a small amount of chlorate for this test,
and exercise extreme caution in performing it.]

Chloride—With silver nitrate TS, solutions of chlorides yield a
white, curdy precipitate that is insoluble in nitric acid but is soluble
in a slight excess of 6N ammonium hydroxide. When testing amine
(including alkaloidal) hydrochlorides that do not respond to the above
test, add one drop of diluted nitric acid and 0.5 mL of silver nitrate TS
to a solution of the substance being examined containing, unless
otherwise directed in the monograph, about 2 mg of chloride ion in
2 mL: a white, curdy precipitate is formed. Centrifuge the mixture
without delay, and decant the supernatant layer. Wash the precipitate
with three 1-mL portions of nitric acid solution (1 in 100), and discard
the washings. Add ammonia TS dropwise to this precipitate. It dis-
solves readily. When a monograph specifies that an article responds to
the test for dry chlorides, mix the solid to be tested with an equal
weight of manganese dioxide, moisten with sulfuric acid, and gently
heat the mixture: chlorine, which is recognizable by the production of
a blue color with moistened starch iodide paper, is evolved.

Citrate—To 15 mL of pyridine add a few mg of a citrate salt, dis-
solved or suspended in 1 mL of water, and shake. To this mixture add
5 mL of acetic anhydride, and shake: a light red color is produced.

Cobalt—Solutions of cobalt salts (1 in 20) in 3N hydrochloric ac-
id yield a red precipitate when heated on a steam bath with an equal
volume of a hot, freshly prepared solution of 1-nitroso-2-naphthol (1
in 10) in 9N acetic acid. Solutions of cobalt salts, when saturated with
potassium chloride and treated with potassium nitrite and acetic acid,
yield a yellow precipitate.

Copper—Solutions of cupric compounds, acidified with hydro-
chloric acid, deposit a red film of metallic copper upon a bright, un-
tarnished surface of metallic iron. An excess of 6 N ammonium
hydroxide, added to a solution of a cupric salt, produces first a bluish
precipitate and then a deep blue-colored solution. With potassium fer-
rocyanide TS, solutions of cupric salts yield a reddish-brown precipi-
tate, insoluble in diluted acids.

Hypophosphite—When strongly heated, hypophosphites evolve
spontaneously flammable phosphine. Hypophosphites in solution
yield a white precipitate with mercuric chloride TS. This precipitate
becomes gray when an excess of hypophosphite is present. Solutions
of hypophosphites, acidified with sulfuric acid, and warmed with cu-
pric sulfate TS yield a red precipitate.

Iodide—Solutions of iodides, upon the addition of chlorine TS,
dropwise, liberate iodine, which colors the solution yellow to red.
When the solution is shaken with chloroform, the latter is colored vi-
olet. The iodine thus liberated gives a blue color with starch TS. Sil-
ver nitrate TS produces, in solutions of iodides, a yellow, curdy
precipitate that is insoluble in nitric acid and in 6N ammonium hy-
droxide.

Iron—Ferrous and ferric compounds in solution yield a black pre-
cipitate with ammonium sulfide TS. This precipitate is dissolved by
cold 3N hydrochloric acid with the evolution of hydrogen sulfide.

Ferric Salts—Acid solutions of ferric salts yield a dark blue preci-
pitate with potassium ferrocyanide TS. With an excess of 1N sodium
hydroxide, a reddish-brown precipitate is formed. With ammonium
thiocyanate TS, solutions of ferric salts produce a deep red color that
is not destroyed by dilute mineral acids.

Ferrous Salts—Solutions of ferrous salts yield a dark blue precipi-
tate with potassium ferricyanide TS. This precipitate is insoluble in
3N hydrochloric acid but is decomposed by 1N sodium hydroxide.
With 1N sodium hydroxide, solutions of ferrous salts yield a green-
ish-white precipitate, the color rapidly changing to green and then to
brown when shaken.

Lactate—When solutions of lactates are acidified with sulfuric ac-
id, potassium permanganate TS is added, and the mixture is heated,
acetaldehyde is evolved. This can be detected by allowing the vapor
to come into contact with a filter paper that has been moistened with a
freshly prepared mixture of equal volumes of 20% aqueous morpho-
line and sodium nitroferricyanide TS: a blue color is produced.

Lead—With 2N sulfuric acid, solutions of lead salts yield a white
precipitate that is insoluble in 3N hydrochloric or 2N nitric acid, but
is soluble in warm 1N sodium hydroxide and in ammonium acetate
TS. With potassium chromate TS, solutions of lead salts, free or near-
ly free from mineral acids, yield a yellow precipitate that is insoluble
in 6N acetic acid but is soluble in 1N sodium hydroxide.

Lithium—With sodium carbonate TS, moderately concentrated
solutions of lithium salts, made alkaline with sodium hydroxide, yield
a white precipitate on boiling. The precipitate is soluble in ammoni-
um chloride TS. Lithium salts moistened with hydrochloric acid im-
part an intense crimson color to a nonluminous flame. Solutions of
lithium salts are not precipitated by 2N sulfuric acid or soluble sul-
fates (distinction from strontium).

Magnesium—Solutions of magnesium salts in the presence of am-
monium chloride yield no more than a slightly hazy precipitate when
neutralized with ammonium carbonate TS, but on the subsequent ad-
dition of dibasic sodium phosphate TS, a white, crystalline precipi-
tate, which is insoluble in 6N ammonium hydroxide, is formed.

Manganese—With ammonium sulfide TS, solutions of manga-
nous salts yield a salmon-colored precipitate that dissolves in acetic
acid.

Mercury—When applied to bright copper foil, solutions of mer-
cury salts, free from an excess of nitric acid, yield a deposit that upon
rubbing, becomes bright and silvery in appearance. With hydrogen
sulfide, solutions of mercury compounds yield a black precipitate that
is insoluble in ammonium sulfide TS and in boiling 2N nitric acid.

Mercuric Salts—Solutions of mercuric salts yield a yellow precipi-
tate with 1N sodium hydroxide. They yield also, in neutral solutions
with potassium iodide TS, a scarlet precipitate that is very soluble in
an excess of the reagent.

Mercurous Salts—Mercurous compounds are decomposed by 1N
sodium hydroxide, producing a black color. With hydrochloric acid,
solutions of mercurous salts yield a white precipitate that is blackened
by 6N ammonium hydroxide. With potassium iodide TS, a yellow
precipitate, that may become green upon standing, is formed.

Nitrate—When a solution of a nitrate is mixed with an equal vol-
ume of sulfuric acid, the mixture is cooled, and a solution of ferrous
sulfate is superimposed, a brown color is produced at the junction of
the two liquids. When a nitrate is heated with sulfuric acid and me-
tallic copper, brownish-red fumes are evolved. Nitrates do not decol-
orize acidified potassium permanganate TS (distinction from nitrites).

Nitrite—When treated with dilute mineral acids or with 6N acetic
acid, nitrites evolve brownish-red fumes. The solution colors starch-
iodide paper blue.

Oxalate—Neutral and alkaline solutions of oxalates yield a white
precipitate with calcium chloride TS. This precipitate is insoluble in
6N acetic acid but is dissolved by hydrochloric acid. Hot acidified
solutions of oxalates decolorize potassium permanganate TS.

Permanganate—Solutions of permanganates acidified with sulfu-
ric acid are decolorized by hydrogen peroxide TS and by sodium bi-
sulfite TS, in the cold, and by oxalic acid TS, in hot solution.

Peroxide—Solutions of peroxides slightly acidified with sulfuric
acid yield a deep blue color upon the addition of potassium dichro-
mate TS. On shaking the mixture with an equal volume of ethyl ether
and allowing the liquids to separate, the blue color is found in the
ethyl ether layer.
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Phosphate—[NOTE—Where the monograph specifies the identifi-
cation test for Phosphate, use the tests for orthophosphates, unless the
instructions specify the use of the pyrophosphate tests or indicate that
the product is to be ignited before performing the test.] With silver
nitrate TS, neutral solutions of orthophosphates yield a yellow preci-
pitate that is soluble in 2N nitric acid and in 6N ammonium hydrox-
ide. With ammonium molybdate TS, acidified solutions of
orthophosphates yield a yellow precipitate that is soluble in 6N am-
monium hydroxide. This precipitate may be slow to form. With silver
nitrate TS, pyrophosphates obtained by ignition yield a white preci-
pitate that is soluble in 2N nitric acid and in 6N ammonium hydrox-
ide. With ammonium molybdate TS, a yellow precipitate that is
soluble in 6N ammonium hydroxide is formed.

Potassium—Potassium compounds impart a violet color to a non-
luminous flame, but the presence of small quantities of sodium masks
the color unless the yellow color produced by sodium is screened out
by viewing through a blue filter that blocks emission at 589 nm (so-
dium) but is transparent to emission at 404 nm (potassium). Tradition-
ally, cobalt glass has been used, but other suitable filters are
commercially available. In neutral, concentrated or moderately con-
centrated solutions of potassium salts (depending upon the solubility
and the potassium content), sodium bitartrate TS produces a white
crystalline precipitate that is soluble in 6N ammonium hydroxide
and in solutions of alkali hydroxides and carbonates. The formation
of the precipitate, which is usually slow, is accelerated by stirring or
rubbing the inside of the test tube with a glass rod. The addition of a
small amount of glacial acetic acid or alcohol also promotes the pre-
cipitation.

Salicylate—In moderately dilute solutions of salicylates, ferric
chloride TS produces a violet color. The addition of acids to moder-
ately concentrated solutions of salicylates produces a white, crystal-
line precipitate of salicylic acid that melts between 1588 and 1618.
Silver—With hydrochloric acid, solutions of silver salts yield a

white, curdy precipitate that is insoluble in nitric acid, but is readily
soluble in 6N ammonium hydroxide. A solution of a silver salt to
which 6N ammonium hydroxide and a small quantity of formalde-
hyde TS are added deposits, upon warming, a mirror of metallic silver
upon the sides of the container.

Sodium—Unless otherwise specified in an individual monograph,
prepare a solution to contain 0.1 g of the sodium compound in 2 mL
of water. Add 2 mL of 15% potassium carbonate, and heat to boiling.
No precipitate is formed. Add 4 mL of potassium pyroantimonate TS,
and heat to boiling. Allow to cool in ice water and, if necessary, rub
the inside of the test tube with a glass rod. A dense precipitate is
formed. Sodium compounds impart an intense yellow color to a non-
luminous flame.

Sulfate—With barium chloride TS, solutions of sulfates yield a
white precipitate that is insoluble in hydrochloric acid and in nitric
acid. With lead acetate TS, neutral solutions of sulfates yield a white
precipitate that is soluble in ammonium acetate TS. Hydrochloric acid
produces no precipitate when added to solutions of sulfates (distinc-
tion from thiosulfates).

Sulfite—When treated with 3N hydrochloric acid, sulfites and bi-
sulfites yield sulfur dioxide, which blackens filter paper moistened
with mercurous nitrate TS.

Tartrate—Dissolve a few mg of a tartrate salt in 2 drops of sodium
metaperiodate solution (1 in 20). Add a drop of 1N sulfuric acid, and
after 5 minutes add a few drops of sulfurous acid followed by a few
drops of fuchsin–sulfurous acid TS: a reddish-pink color is produced
within 15 minutes.

Thiocyanate—With ferric chloride TS, solutions of thiocyanates
yield a red color that is not destroyed by moderately concentrated
mineral acids.

Thiosulfate—With hydrochloric acid, solutions of thiosulfates
yield a white precipitate that soon turns yellow, and sulfur dioxide,
which blackens filter paper moistened with mercurous nitrate TS.
The addition of ferric chloride TS to solutions of thiosulfates produc-
es a dark violet color that quickly disappears.

Zinc—In the presence of sodium acetate, solutions of zinc salts
yield a white precipitate with hydrogen sulfide. This precipitate is in-
soluble in acetic acid, but is dissolved by 3N hydrochloric acid. Am-
monium sulfide TS produces a similar precipitate in neutral and in

alkaline solutions. With potassium ferrocyanide TS, zinc salts in so-
lution yield a white precipitate that is insoluble in 3N hydrochloric
acid.

Physical Tests and
Determinations

BRIEFING

h661i Containers—Plastics, USP 30 page 260 and page 3960 of
the Second Supplement. It is proposed to delete the reference to a USP
Polypropylene Copolymer RS because one does not currently exist.
Other changes are editorial in nature.

(P&S: D. Hunt) RTS—C61392

Change to read:

INTRODUCTION

It is the purpose of this chapter to provide standards for plastic ma-
terials and components used to package medical articles (pharmaceu-
ticals, biologics, dietary supplements, and devices). Definitions that
apply to this chapter are provided in the Preservation, Packaging,
Storage, and Labeling section of the General Notices and Require-
ments. Standards and tests for the functional properties of containers
and their components are provided in general chapter Containers—
Performance Testing h671i.
In addition to the standards provided herein, the ingredients added

to the polymers, and those used in the fabrication of the containers,
must conform to the requirements in the applicable sections of the
Code of Federal Regulations, Title 21, Indirect Food Additives, or
have been evaluated by the FDA and determined to be acceptable
substances for the listed use.
Plastic articles are identified and characterized by IR spectroscopy

and differential scanning calorimetry. Standards are provided in this
chapter for the identification and characterization of the different
types of plastic, and the test procedures are provided at the end of
the chapter. The degree of testing is based on whether or not the con-
tainer has direct contact with the drug product, and the risk is based
on the route of administration.
Plastics are composed of a mixture of homologous polymers, hav-

ing a range of molecular weights. Plastics may contain other sub-
stances such as residues from the polymerization process,
plasticizers, stabilizers, antioxidants, pigments, and lubricants. These
materials meet the requirements for food contact as provided in the
Code of Federal Regulations, Title 21. Factors such as plastic com-
position, processing and cleaning procedures, surface treatment, con-
tacting media, inks, adhesives, absorption and permeability of
preservatives, and conditions of storage may also affect the suitability
of a plastic for a specific use. Extraction tests are designed to charac-
terize the extracted components and identify possible migrants. The
degree or extent of testing for extractables of the component is de-
pendent on the intended use and the degree of risk to adversely impact
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the efficacy of the compendial article (drug, biologic, dietary supple-
ment, or device). Resin-specific extraction tests are provided in this
chapter for polyethylene, polypropylene, polypropylene

&polyethylene&1S (USP32)

terephthalate, and polypropylene

&polyethylene&1S (USP32)

terephthalate G. Test all other plastics as directed for Physicochemical
Tests in the section Test Methods. Conduct the Buffering Capacity test
only when the containers are intended to hold a liquid product.
Plastic components used for products of high risk, such as those

intended for inhalation, parenteral preparation, and ophthalmics are
tested using the Biological Tests in the section Test Methods.
Plastic containers intended for packaging products prepared for

parenteral use meet the requirements for Biological Tests and Physi-
cochemical Tests in the section Test Methods. Standards are also pro-
vided for polyethylene containers used to package dry oral dosage
forms that are not meant for constitution into solution.

Change to read:

POLYETHYLENE CONTAINERS

Scope

The standards and tests provided in this section characterize con-
tainers and components, produced from either low-density polyethy-
lene or high-density polyethylene of either homopolymer or
copolymer resins

&that are interchangeably suitable for packaging dry oral dos-

age forms not meant for constitution into solution.&1S (USP32)

All polyethylene components are subject to testing by IR spectrosco-
py and differential scanning calorimetry. Where stability studies have
been performed to establish the expiration date of a particular dosage
form in the appropriate polyethylene container, then any other poly-
ethylene container meeting these requirements may be similarly used
to package such a dosage form, provided that the appropriate stability
programs are expanded to include the alternative container, in order to
ensure that the identity, strength, quality, and purity of the dosage
form are maintained throughout the expiration period.

Background

High-density and low-density polyethylene are long-chain poly-
mers synthesized under controlled conditions of heat and pressure,
with the aid of catalysts from not less than 85.0% ethylene and not
less than 95.0% total olefins. Other olefin ingredients that are most
frequently used are butene, hexene, and propylene. High-density
polyethylene and low-density polyethylene both have an IR absorp-
tion spectrum that is distinctive for polyethylene, and each possesses
characteristic thermal properties. High-density polyethylene has a
density between 0.941 and 0.965 g per cm3. Low-density polyethy-
lene has a density between 0.850 and 0.940 g per cm3. Other proper-
ties that may affect the suitability of polyethylene include modulus of
elasticity, melt index, environmental stress crack resistance, and de-
gree of crystallinity after molding.

High-Density Polyethylene

Infrared Spectroscopy—Proceed as directed forMultiple Internal
Reflectance in the section Test Methods. The corrected spectrum of
the specimen exhibits major absorption bands only at the same wave-
lengths as the spectrum of USP High-Density Polyethylene RS.

Differential Scanning Calorimetry—Proceed as directed for
Thermal Analysis in the section Test Methods. The thermogram of
the specimen is similar to the thermogram of USP High-Density Poly-

ethylene RS, similarly determined, and the temperature of the endo-
therm (melt) in the thermogram of the specimen does not differ from
that of the USP Reference Standard by more than 6.08.
HeavyMetals and Nonvolatile Residue—Prepare extracts of spe-

cimens for these tests as directed for Physicochemical Tests in the sec-
tion Test Methods, except that for each 20.0 mL of Extracting
Medium the portion shall be 60 cm2, regardless of thickness.

HEAVYMETALS—Containers meet the requirements for Heavy Met-
als under Physicochemical Tests in the section Test Methods.

NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Resi-
due under Physicochemical Tests, except that the Blank shall be the
same solvent used in each of the following test conditions: the differ-
ence between the amounts obtained from the Sample Preparation and
the Blank does not exceed 12.0 mg when water maintained at a tem-
perature of 708 is used as the Extracting Medium; does not exceed
75.0 mg when alcohol maintained at a temperature of 708 is used
as the Extracting Medium; and does not exceed 100.0 mg when hex-
anes maintained at a temperature of 508 is used as the Extracting Me-
dium.

Components Used in Contact with Oral Liquids—Proceed as
directed for Buffering Capacity in the section Physicochemical Tests
under Test Methods.

Low-Density Polyethylene

Infrared Spectroscopy—Proceed as directed under Multiple In-
ternal Reflectance in the section Test Methods. The corrected spec-
trum of the specimen exhibits major absorption bands only at the
same wavelengths as the spectrum of USP Low-Density Polyethylene
RS.

Differential Scanning Calorimetry—Proceed as directed for
Thermal Analysis in the section Test Methods. The thermogram of
the specimen is similar to the thermogram of USP Low-Density Poly-
ethylene RS, similarly determined, and the temperature of the endo-
therm (melt) in the thermogram of the specimen does not differ from
that of the USP Reference Standard by more than 8.08.
HeavyMetals and Nonvolatile Residue—Prepare extracts of spe-

cimens for these tests as directed for Sample Preparation in the sec-
tion Physicochemical Tests under Test Methods, except that for each
20.0 mL of Extracting Medium the portion shall be 60 cm2, regardless
of thickness.

HEAVYMETALS—Containers meet the requirements for Heavy Met-
als in the section Physicochemical Tests under Test Methods.

NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Resi-
due in the section Physicochemical Tests under Test Methods, except
that the Blank shall be the same solvent used in each of the following
test conditions: the difference between the amounts obtained from the
Sample Preparation and the Blank does not exceed 12.0 mg when
water maintained at a temperature of 708 is used as the Extracting
Medium; does not exceed 75.0 mg when alcohol maintained at a tem-
perature of 708 is used as the Extracting Medium; and does not ex-
ceed 350.0 mg when hexanes maintained at a temperature of 508 is
used as the Extracting Medium.

Components Used in Contact with Oral Liquids—Proceed as
directed for Buffering Capacity in the section Physicochemical Tests
under Test Methods.

Change to read:

POLYPROPYLENE CONTAINERS

Scope

The standards and tests provided in this section characterize poly-
propylene containers, produced from either homopolymers or copol-
ymers, that are interchangeably suitable for packaging dry solid and
liquid oral dosage forms. Where suitable stability studies have been
performed to establish the expiration date of a particular dosage form
in the appropriate polypropylene container, then any other polypro-
pylene container meeting these requirements may be similarly used to
package such a dosage form, provided that the appropriate stability
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programs are expanded to include the alternative container, in order to
ensure that the identity, strength, quality, and purity of the dosage
form are maintained throughout the expiration period.

Background

Propylene polymers are long-chain polymers synthesized from
propylene or propylene and other olefins under controlled conditions
of heat and pressure, with the aid of catalysts. Examples of other ole-
fins most commonly used include ethylene and butene. The propyl-
ene polymers, the ingredients used to manufacture the propylene
polymers, and the ingredients used in the fabrication of the containers
conform to the applicable sections of the Code of Federal Regu-
lations, Title 21.
Factors such as plastic composition, processing and cleaning pro-

cedures, contacting media, inks, adhesives, absorption, adsorption
and permeability of preservatives, and conditions of storage may also
affect the suitability of a plastic for a specific use. The suitability of a
specific polypropylene must be established by appropriate testing.
Polypropylene has a distinctive IR spectrum and possesses charac-

teristic thermal properties. It has a density between 0.880 and 0.913 g
per cm3. The permeation properties of molded polypropylene con-
tainers may be altered when reground polymer is incorporated, de-
pending on the proportion of reground material in the final product.
Other properties that may affect the suitability of polypropylene used
in containers for packaging drugs are the following: oxygen and
moisture permeability, modulus of elasticity, melt flow index, envi-
ronmental stress crack resistance, and degree of crystallinity after
molding. The requirements in this section are to be met when dry sol-
id and liquid oral dosage forms are to be packaged in a container de-
fined by this section.

Infrared Spectroscopy—Proceed as directed forMultiple Internal
Reflectance in the section Test Methods. The corrected spectrum of
the specimen exhibits major absorption bands only at the same wave-
lengths as the spectrum of the respective USP Homopolymer Poly-
propylene RS or USP Copolymer Polypropylene RS,

&copolymer polypropylene standard,&1S (USP32)

similarly determined.

Differential Scanning Calorimetry—Proceed as directed for
Thermal Analysis in the section Test Methods. The temperature of
the endotherm (melt) in the thermogram does not differ from that
of the USP Reference Standard for homopolymers by more than
6.08. The temperature of the endotherm obtained from the thermo-
gram of the copolymer polypropylene specimen does not differ from
that of the copolymer polypropylene standard by more than 12.08.
HeavyMetals and Nonvolatile Residue—Prepare extracts of spe-

cimens for these tests as directed for Sample Preparation in the sec-
tion Physicochemical Tests under Test Methods, except that for each
20 mL of Extracting Medium the portion shall be 60 cm2, regardless
of thickness.

HEAVYMETALS—Containers meet the requirements for Heavy Met-
als in the section Physicochemical Tests under Test Methods.

NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Resi-
due in the section Physicochemical Tests under Test Methods, except
that the Blank shall be the same solvent used in each of the following
test conditions: the difference between the amounts obtained from the
Sample Preparation and the Blank does not exceed 10.0 mg when
water maintained at a temperature of 708 is used as the Extracting
Medium; does not exceed 60.0 mg when alcohol maintained at a tem-
perature of 708 is used as the Extracting Medium; and does not ex-
ceed 225.0 mg when hexanes maintained at a temperature of 508 is
used as the Extracting Medium. Containers meet these requirements
for Nonvolatile Residue for all of the above extracting media. [NOTE—
Hexanes and alcohol are flammable. When evaporating these sol-
vents, use a current of air with the water bath; when drying the resi-
due, use an explosion-proof oven.]

Components Used in Contact with Oral Liquids—Proceed as
directed for Buffering Capacity in the section Physicochemical Tests
under Test Methods.

BRIEFING

h671i Containers—Performance Testing, USP 30 page 267,
page 3964 of the Second Supplement, and Revision Bulletin, Decem-
ber 1, 2007. On the basis of comments received and discussions by
the Packaging and Storage Expert Committee, the following changes
to the Multiple-Unit Containers and Unit-Dose Containers for Liq-
uids section are being proposed:
1. Twelve test containers: 2 control and 10 test containers
2. Samples stored at 258 and 40% RH for 14 continuous days
3. Storage humidity requirement changed to 40% RH
4. Change in water weight loss percent calculation
5. Section on Procedure for Testing Multiple-Unit Containers Un-

der Conditions of Use deleted
Other editorial changes were made to clarify the content of the

chapter and improve the readability.

(PPI: D. Hunt) RTS—C61432

Change to read:

It is the purpose of this chapter to provide standards for the func-
tional properties of plastic

&

&1S (USP32)

containers and their components used to package regulated articles
(pharmaceuticals, biologics, dietary supplements, and devices). Def-
initions that apply to this chapter are provided in the Preservation,
Packaging, Storage, and Labeling section of the General Notices
and Requirements. The tests that follow are provided to determine
the moisture permeability and light transmission of plastic

&

&1S (USP32)

containers utilized for regulated articles. The section Multiple-Unit
Containers for Capsules and Tablets applies to multiple-unit con-
tainers. The section Single-Unit Containers and Unit-Dose Con-
tainers for Capsules and Tablets applies to single-unit and unit-
dose containers. The section Multiple-Unit Containers for Capsules
and Tablets (Without Closure) applies to polyethylene and polypro-
pylene containers that have no closures. The section Multiple-Unit
and Single-Unit Containers for Liquids applies to multiple-unit and
single-unit containers.
A container intended to provide protection from light or offered as

a light-resistant container meets the requirements for Light Transmis-
sion, where such protection or resistance is by virtue of the specific
properties of the material of which the container is composed, includ-
ing any coating applied thereto. A clear and colorless or a translucent
container that is made light-resistant by means of an opaque enclo-
sure (see General Notices and Requirements) is exempt from the re-
quirements for Light Transmission. As used herein, the term
‘‘container’’ refers to the entire system comprising, usually, the con-
tainer itself, the liner (if used), the closure in the case of multiple-unit
containers, and the lidding and blister in the case of unit-dose con-
tainers.
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Change to read:

&MOISTURE PERMEATION&1S (USP32)

Multiple-Unit Containers for Capsules and Tablets

Desiccant—Place a quantity of 4- to 8-mesh, anhydrous calcium
chloride1 in a shallow container, taking care to exclude any fine pow-
der, then dry at 1108 for 1 hour, and cool in a desiccator.

Procedure—Select 12 containers of a uniform size and type, clean
the sealing surfaces with a lint-free cloth, and close and open each
container 30 times. Apply the closure firmly and uniformly each time
the container is closed. Close screw-capped containers with a torque
that is within the range of tightness specified in the accompanying
table. Add Desiccant to 10 of the containers, designated test con-
tainers, filling each to within 13 mm of the closure if the container
volume is 20 mL or more, or filling each to two-thirds of capacity if
the container volume is less than 20 mL. If the interior of the contain-
er is more than 63 mm in depth, an inert filler or spacer may be placed
in the bottom to minimize the total weight of the container and Des-
iccant; the layer ofDesiccant in such a container shall be not less than
5 cm in depth. Close each immediately after adding Desiccant, apply-
ing the torque designated in the accompanying table when closing
screw-capped containers. To each of the remaining 2 containers, des-
ignated controls, add a sufficient number of glass beads to attain a
weight approximately equal to that of each of the test containers,
and close, applying the torque designated in the accompanying table
when closing screw-capped containers. Record the weight of the in-
dividual containers so prepared to the nearest 0.1 mg if the container
volume is less than 20 mL; to the nearest mg if the container volume
is 20 mL or more but less than 200 mL; or to the nearest centigram
(10 mg) if the container volume is 200 mL or more; and store at
75+ 3% relative humidity and a temperature of 23+ 28. [NOTE—
A saturated system of 35 g of sodium chloride with each 100 mL
of water placed in the bottom of a desiccator maintains the specified
humidity. Other methods may be employed to maintain these condi-
tions.] After 336+ 1 hours (14 days), record the weight of the indi-
vidual containers in the same manner. Completely fill 5 empty
containers of the same size and type as the containers under test with
water or a noncompressible, free-flowing solid such as well-tamped
fine glass beads, to the level indicated by the closure surface when in
place. Transfer the contents of each to a graduated cylinder, and de-
termine the average container volume, in mL. Calculate the rate of
moisture permeability, in mg per day per L, by the formula:

(1000 / 14V)[(TF – TI) – (CF – CI)]

in which V is the volume, in mL, of the container; (TF – TI) is the
difference, in mg, between the final and initial weights of each test
container; and (CF – CI) is the difference, in mg, between the average
final and average initial weights of the 2 controls. For containers used
for drugs being dispensed on prescription, the containers so tested are
tight containers if not more than 1 of the 10 test containers exceeds
100 mg per day per L in moisture permeability, and none exceeds 200
mg per day per L.
For containers used for drugs being dispensed on prescription, the

containers are well-closed containers if not more than 1 of the 10 test
containers exceeds 2000 mg per day per L in moisture permeability,
and none exceeds 3000 mg per day per L.

Table 1. Torque Applicable to Screw-Type Container

Closure Diametera

(mm)

Suggested Tightness Range with Manually
Applied Torque;b (inch-pounds)

8 5
10 6
13 8
15 5–9
18 7–10
20 8–12
22 9–14
24 10–18
28 12–21
30 13–23
33 15–25
38 17–26
43 17–27
48 19–30
53 21–36
58 23–40
63 25–43
66 26–45
70 28–50
83 32–65
86 40–65
89 40–70
100 45–70
110 45–70
120 55–95
132 60–95

a The torque designated for the next larger closure diameter is to be
applied in testing containers having a closure diameter intermediate to
the diameters listed.
b A suitable apparatus is available from SecurePak, PO Box 1210,
Maumee, Ohio 43537-8210. MRA Model with indicators on both
the removal and application sides available in the following ranges:
1) 0–25 inch lbs., which reads in 1 inch lb increments, 2) 0–50 inch
lbs., which reads in 2 inch lb increments, and 3) 0–100 inch lbs.,
which reads in 5 inch lb increments. For further detail regarding in-
structions, reference may be made to ‘‘Standard Test Method for Ap-
plication and Removal Torque of Threaded or Lug-Style Closures’’
ASTM Method D3198-02, published by the American Society for
Testing and Materials, 100 Barr Harbor Drive, P. O. Box C700, West
Conshohocken, PA 19428-2959.

Multiple-Unit Containers for Capsules and Tablets
(Without Closure)

Polyethylene Container—Fit the containers with impervious
seals obtained by heat-sealing the bottles with an aluminum foil–
polyethylene laminate or other suitable seal.2 Test the containers as
specified under Multiple-Unit Containers for Capsules and Tablets:
the high–density polyethylene containers so tested meet the require-
ments if the moisture permeability exceeds 10 mg per day per L in not
more than 1 of the 10 test containers and exceeds 25 mg per day per L
in none of them. The low–density polyethylene containers so tested
meet the requirements if the moisture permeability exceeds 20 mg per
day per L in not more than 1 of the 10 test containers and exceeds 30
mg per day per L in none of them.

Polypropylene Containers—Fit the containers with impervious
seals obtained by heat-sealing the bottles with an aluminum foil–
polyethylene laminate or other suitable seal. Test the containers as
described under Multiple-Unit Containers for Capsules and Tablets.

1 Suitable 4- to 8-mesh, anhydrous calcium chloride is available commercially
as Item JT1313-1 from VWR Scientific
&International.

&1S (USP32)

Consult the VWR Scientific
&International

&1S (USP32)

catalog for ordering information or call 1-800-234-9300.

2 A suitable laminate for sealing has as the container layer polyethylene of not
less than 0.025 mm (0.001 inch) and a second layer of aluminum foil of not
less than 0.018 mm (0.0007 inch), with additional layers of suitable backing
materials. A suitable seal can be obtained also by using glass plates and a seal-
ing wax consisting of 60% of refined amorphous wax and 40% of refined crys-
talline paraffin wax.
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The containers meet the requirements if the moisture permeability ex-
ceeds 15 mg per day per L in not more than 1 of the 10 test containers
and exceeds 25 mg per day per L in none of them.

Single-Unit Containers and Unit-Dose Containers for
Capsiles and Tablets

To permit an informed judgment regarding the suitability of the
packaging for a particular type of product, the following procedure
and classification scheme are provided for evaluating the moisture-
permeation characteristics of single-unit and unit-dose containers. In-
asmuch as equipment and operator performance may affect the mois-
ture permeation of a container formed or closed, the moisture-
permeation characteristics of the packaging system being utilized
shall be determined.

Desiccant—Dry suitable desiccant pellets3 at 1108 for 1 hour prior
to use. Use pellets weighing approximately 400 mg each and having a
diameter of approximately 8 mm. [NOTE—If necessary due to limited
unit-dose container size, pellets weighing less than 400 mg each and
having a diameter of less than 8 mm may be used.]

Procedure—

Method I—Seal not fewer than 10 unit-dose containers with 1 pel-
let in each, and seal 10 additional, empty unit-dose containers to pro-
vide the controls, using finger cots or padded forceps to handle the
sealed containers. Number the containers, and record the individual
weights4 to the nearest mg. Weigh the controls as a unit, and divide
the total weight by the number of controls to obtain the average. Store
all of the containers at 75+ 3% relative humidity and at a tempera-
ture of 23+ 28. [NOTE—A saturated system of 35 g of sodium chlo-
ride with each 100 mL of water placed in the bottom of a desiccator
maintains the specified humidity. Other methods may be employed to
maintain these conditions.] After a 24-hour interval, and at each mul-
tiple thereof (see Results), remove the containers from the chamber,
and allow them to equilibrate for 15 to 60 minutes in the weighing
area. Again record the weight of the individual containers and the
combined controls in the same manner. [NOTE—If any indicating pel-
lets turn pink during this procedure, or if the pellet weight increase
exceeds 10%, terminate the test, and regard only earlier determina-
tions as valid.] Return the containers to the humidity chamber. Cal-
culate the rate of moisture permeation, in mg per day, of each
container taken by the formula:

(1 /N)[(WF – WI) – (CF – CI)]

in which N is the number of days expired in the test period (beginning
after the initial 24-hour equilibration period); (WF – WI) is the differ-
ence, in mg, between the final and initial weights of each test contain-
er; and (CF – CI) is the difference, in mg, between the average final
and average initial weights of the controls, the data being calculated
to two significant figures. [NOTE—Where the permeations measured
are less than 5 mg per day, and where the controls are observed to
reach equilibrium within 7 days, the individual permeations may be
determined more accurately by using the 7-day test container and
control container weights as WI and CI, respectively, in the calcula-
tion. In this case, a suitable test interval for Class A (see Results)
would be not less than 28 days following the initial 7-day equilibra-
tion period (a total of 35 days).]

Method II—Use this procedure for packs (e.g., punch-out cards)
that incorporate a number of separately sealed unit-dose containers
or blisters. Seal a sufficient number of packs, such that not fewer than
4 packs and a total of not fewer than 10 unit-dose containers or blis-
ters filled with 1 pellet in each unit are tested. Seal a corresponding
number of empty packs, each pack containing the same number of
unit-dose containers or blisters as used in the test packs, to provide
the controls. Store all of the containers at 75+ 3% relative humidity
and at a temperature of 23+ 28. [NOTE—A saturated system of 35 g of
sodium chloride with each 100 mL of water placed in the bottom of a
desiccator maintains the specified humidity. Other methods may be
employed to maintain these conditions.] After 24 hours, and at each
multiple thereof (see Results), remove the packs from the chamber,
and allow them to equilibrate for about 45 minutes. Record the
weights of the individual packs, and return them to the chamber.
Weigh the control packs as a unit, and divide the total weight by
the number of control packs to obtain the average empty pack weight.
[NOTE—If any indicating pellets turn pink during the procedure, or if
the average pellet weight increase in any pack exceeds 10%, termi-
nate the test, and regard only earlier determinations as valid.] Calcu-
late the average rate of moisture permeation, in mg per day, for each
unit-dose container or blister in each pack taken by the formula:

(1 /NX)[(WF – WI) – (CF – CI)]

in which N is the number of days expired in the test period (beginning
after the initial 24-hour equilibration period); X is the number of se-
parately sealed units per pack; (WF – WI) is the difference, in mg, be-
tween the final and initial weights of each test pack; and (CF – CI) is
the difference, in mg, between the average final and average initial
weights of the control packs, the rates being calculated to two signif-
icant figures.

Results—The individual unit-dose containers as tested inMethod I
are designated Class A if not more than 1 of 10 containers tested ex-
ceeds 0.5 mg per day in moisture permeation rate and none exceeds 1
mg per day; they are designated Class B if not more than 1 of 10 con-
tainers tested exceeds 5 mg per day and none exceeds 10 mg per day;
they are designated Class C if not more than 1 of 10 containers tested
exceeds 20 mg per day and none exceeds 40 mg per day; and they are
designated Class D if the containers tested meet none of the moisture
permeation rate requirements.
The packs as tested in Method II are designated Class A if no pack

tested exceeds 0.5 mg per day in average blister moisture permeation
rate; they are designated Class B if no pack tested exceeds 5 mg per
day in average blister moisture permeation rate; they are designated
Class C if no pack tested exceeds 20 mg per day in average blister
moisture permeation rate; and they are designated Class D if the
packs tested meet none of the above average blister moisture perme-
ation rate requirements.
With the use of the Desiccant described herein, as stated for Meth-

od I and Method II, after every 24 hours, the test and control con-
tainers or packs are weighed; and suitable test intervals for the final
weighings, WF and CF, are as follows: 24 hours for Class D; 48 hours
for Class C; 7 days for Class B; and not less than 28 days for Class A.

3 Suitable moisture-indicating desiccant pellets are available commercially
from sources such as Medical Packaging, Inc., 470 Route 31, Ringoes, NJ
08551-1409 [Telephone 800-257-5282; in NJ, 609-466-8991; FAX 609-
466-3775], as Indicating Desiccant Pellets, Item No. TK-1002.
4 Accurate comparisons of Class A containers may require test periods in ex-
cess of 28 days if weighings are performed on a Class A prescription balance
(see Prescription Balances and Volumetric Apparatus 1176). The use of an an-
alytical balance on which weights can be recorded to 4 or 5 decimal places
may permit more precise characterization between containers and/or shorter
test periods.
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Multiple-Unit Containers and Unit-Dose Containers
for Liquids

The standards and tests provided in this section measure the func-
tional and performance characteristics of plastic containers

&bottles&1S (USP32)

used to package aqueous products by measuring the liquid water
weight loss as a percent of the contents. This test can also be used
to demonstrate performance or functional comparability. [NOTE—
Throughout the following procedure, determine the weights of indi-
vidual container–closure systems (bottle, innerseal if used, and clo-
sure) both as tare weights and fill weights, to the nearest 0.1 mg if
the bottle capacity is less than 200 mL; to the nearest mg if the bottle
capacity is 200 mL or more but less than 1000 mL; or to the nearest
centigram (10 mg) if the bottle capacity is 1000 mL or more.]

Procedure for Testing Unopened Market Containers (cap liner
[if applicable], innerseal, and cap)—Select 10 bottles of a uniform
size and type, and clean the sealing surfaces with a lint-free cloth.
Fit each bottle with a seal, closure liner (if applicable) and closure.
Number each container closure system, and record the tare weight.
Remove the closures and, using a pipet, fill bottles with water to the

overflow capacity. Fit the bottles with seals and apply the closures If
using screw closures, apply a torque that is within the range specified
in Table 1, and store the sealed containers at a temperature of 25+ 28
and a relative humidity of 50+ 2%. After 168+ 1 hours (7days),
record the weight of the individual containers. Return the containers
to storage for another 168+ 1 hours. After the second 168+ 1
hours, remove the containers, record the weights of each of the indi-
vidual container systems, and calculate the water vapor permeation
rate in percent water weight loss for each bottle taken by the formula:

(W7 – W14)3656 100/(W7 – WT)7 = Percent per year

in whichW7 is the weight, in mg, of the container at 7 days;W14 is the
weight, in mg, of the container at 14 days; WT is the tare weight in g;
and 7 is the test time, in days, after the 7-day equilibration period.
The containers so tested meet the requirements and are tight con-

tainers if the percentage of water weight loss does not exceed 2.5%
per year in not more than 1 of the 10 test containers and does not
exceeds 5.0% per year in none of them.
Unit-dose containers for liquids meet the requirement of a tight

container if the average water weight loss is less than or equal to
2.5% (w/w) loss per year (5% at the end of 2 years)

Procedure for Testing Multiple-Unit Containers Under Condi-
tions of Use—Select 10 bottles of a uniform size and type. If an in-
nerseal is used, carefully open the individual containers and remove
the innerseal from each container. Fit each bottle with a closure liner
(if applicable) and closure. Number each container–closure system,
and record the tare weight. Open and close the containers 30 times
being careful not to lose liquid in the process. Close screw-capped
bottles with a torque that is within the range of tightness provided
in Table 1, and store the sealed containers at a temperature of
25+ 28 and a relative humidity of 50+ 2%. After 168+ 1 hours
(7 days), record the weight of the individual containers. Return the
containers to storage for another 168+ 1 hours. After the second
168+ 1 hours, remove the containers, record the weights of each
of the individual container systems, and calculate the water vapor per-
meation rate, in percent water weight loss, for each bottle taken by the
formula:

(W7 – W14)3656 100/(W7 – WT)7 = Percent per year

in whichW7 is the weight, in mg, of the container at 7 days; W14 is the
weight, in mg, of the container at 14 days; WT is the tare weight, in g;
and 7 is the test time, in days, after the 7-day equilibration period. The
containers so tested meet the requirements and are tight containers if
the percentage of water weight loss exceeds 2.5% per year in not
more than 1 of the 10 test containers and exceeds 5.0% per year in
none of them.

&Procedure—Select 12 bottles of a uniform size and type,

and clean the sealing surfaces with a lint-free cloth. Fit each

bottle with a seal, closure liner (if applicable), and closure.

Number each container–closure system, and record the tare

weight.

Remove the closures and, using a pipet, fill 10 bottles with

water to the fill capacity. Fill 2 containers with glass beads to

the same approximate weight of the filled test containers. If

using screw closures, apply a torque that is within the range

specified in Table 1, and store the sealed containers at a tem-

perature of 25+ 28 and a relative humidity of 40+ 2%. After

336+ 1 hours (14 days), record the weight of the individual

containers, and calculate the water weight loss rate, in percent

per year, for each bottle taken by the formula:

(W1i – WT) – (W14i – WT) – (WC1 – WC14) 3656 100/(W1i –

WT)14 = Percent per year

in which W1i is the initial weight of each individual bottle (i);

WT is the tare weight;W14i is the weight of each individual bot-

tle (i) at 14 days; and (WC1 – WC14) is the average weight

change of the controls from initial to 14 days.

The containers so tested meet the requirements and are tight

containers if the percentage of water weight loss does not ex-

ceed 2.5% per year in not more than 1 of the 10 test containers

and does not exceeds 5.0% per year in none of them.&1S (USP32)
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Change to read:

LIGHT TRANSMISSION TEST

Apparatus5—Use a spectrophotometer of suitable sensitivity and
accuracy, adapted for measuring the amount of light transmitted by
either transparent or translucent glass or plastic materials used for
pharmaceutical containers. In addition, the spectrophotometer is ca-
pable of measuring and recording light transmitted in diffused as well
as parallel rays.

Procedure—Select sections to represent the average wall thick-
ness. Cut circular sections from two or more areas of the container
and trim them as necessary to give segments of a size convenient
for mounting in the spectrophotometer. After cutting, wash and dry
each specimen, taking care to avoid scratching the surfaces. If the
specimen is too small to cover the opening in the specimen holder,
mask the uncovered portion of the opening with opaque paper or
masking tape, provided that the length of the specimen is greater than
that of the slit in the spectrophotometer. Immediately before mount-
ing in the specimen holder, wipe the specimen with lens tissue. Mount
the specimen with the aid of a tacky wax, or by other convenient
means, taking care to avoid leaving fingerprints or other marks on
the surfaces through which light must pass. Place the section in the
spectrophotometer with its cylindrical axis parallel to the plane of the
slit and approximately centered with respect to the slit. When proper-
ly placed, the light beam is normal to the surface of the section and
reflection losses are at a minimum.
Continuously measure the transmittance of the section with refer-

ence to air in the spectral region of interest with a recording instru-
ment or at intervals of about 20 nm with a manual instrument, in the
region of 290 to 450 nm.

Limits—The observed light transmission does not exceed the lim-
its given in Table 2 for containers intended for parenteral use. [NOTE—
Any container of a size intermediate to those listed above exhibits a
transmission not greater than that of the next larger size container list-
ed in the table. For containers larger than 50 mL, the limits for 50 mL
apply.]

Table 2. Limits for Plastics Classes I-VI

&Limits for Plastic Classes I–VI and

Glass Types I, II, and III&1S (USP32)

Maximum Percentage of Light Transmission at
Any Wavelength Between 290 and 450 nm

Nominal Size
(in mL)

Flame-sealed
Containers

Closure-sealed
Containers

1 50 25
2 45 20
5 40 15

10 35 13
20 30 12
50 15 10

The observed light transmission for plastic containers for products
intended for oral or topical administration does not exceed 10% at any
wavelength in the range from 290 to 450 nm.

BRIEFING

h729i Globule Size Distribution in Lipid Injectable Emulsions,
page 3968 of the Second Supplement. On the basis of comments re-
ceived, it is proposed to revise the Procedure and Interpretation sec-
tion so that the procedure can be used with any commercially
available light obscuration instrument. The PFAT5 limit has also been
rewritten to prevent any potential issues that could arise when round-
ing test results.

(PPI: D. Hunt) RTS—C57721

Change to read:

METHOD II— MEASUREMENT OF LARGE
GLOBULE CONTENT BY LIGHT

OBSCURATION OR EXTINCTION METHOD

For determination of the extent of the large-diameter droplet tail
(45 mm) of lipid injectable emulsions, a light obscuration (LO) or
light extinction (LE) method that employs a single-particle (globule)
optical sizing (SPOS) technique is used. During application of the
LE/SPOS technique, passage of a droplet through a thin optical sens-
ing zone results in blockage of a portion of the incident light beam,
causing a momentary decrease in the light intensity reaching the ‘‘ex-
tinction’’ detector. The magnitude of this decrease in the signal is ide-
ally proportional to the cross-sectional area of the droplet (assumed
smaller than the sensing zone thickness), i.e., to the square of the
droplet diameter. During optimization of the LE/SPOS instrument
for a given emulsion sample, a series of dilutions should be tested
to achieve an acceptably low coefficient of variation (i.e.,510%) be-
tween samples. The goal is to identify a standard range of dilutions
that yield consistent data and are most applicable to the formulation
tested. Ideally, when comparing different emulsions, the same ap-
proximate number of globules are sized each time, and once a stan-
dard is achieved, it should be incorporated into the routine sampling
plan for validation testing. As long as the fat globule concentration is
below the ‘‘coincidence limit’’ of the sensor (determined by the flow
cell and optical design), only one globule at most will pass through
the sensing zone at any given time, allowing it to be counted and ac-
curately sized (with less than 1% coincidence events). Both the coin-
cidence limit and the optimal flow rate must be known for the LE/
SPOS sensor used. Furthermore, it is prudent to perform the large-di-
ameter measurements at a reduced emulsion concentration such that
the measurable droplet concentration (i.e., 41.8 mm) is only approx-
imately one-third of the nominal coincidence limit for the sensor
used. The resulting single pulse heights are converted to droplet di-
ameters using a standard calibration curve previously constructed
from NIST-traceable monosized polystyrene microspheres of known
diameters. For additional guidance in the use of the light obscuration
methodology, see the general chapter Particulate Matter in Injections
h788i.
Apparatus—A suitable light obscuration instrument with or with-

out the capability of automatic sample dilution and controlled by a
personal computer (PC) is used for the measurement. The number-
and volume-weighted particle size distribution data are reported, pro-
vided it is clearly stated which values are given and that the necessary
parameter values required for all necessary calculations are also
given.

5 For further detail regarding apparatus and procedures, reference may be
made to the following publications of the American Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959:
‘‘Standard Method of Test for Haze and Luminous Transmittance of Transpar-
ent Plastics,’’ASTM Designation D-1003-61
&ASTM Method D1003-07;

&1S (USP32)

‘‘Tentative Method of Test for Luminous Reflectance, Transmittance,
and Color of Materials,’’ ASTM E 308-66.
&Tentative Method of Test for Luminous Reflectance, Transmittance
and Color of System’’ASTM Method E308-06.

&1S (USP32)
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Water—Pass distilled water through a filter having a 0.2-mm po-
rosity, and degas by sonication, or use Sterile Water for Injection
stored in a glass container.

Standard Preparation—To a pre-established volume of Water
add an appropriate amount of concentrated suspension, containing
NIST-traceable polystyrene latex standard particles or other suitable
microspheres. Gently mix the fluids to achieve a homogeneous sus-
pension. If the light obscuration instrument is equipped with an auto-
matic dilution system, the starting concentrated sample can be
analyzed by injection directly into the instrument via a syringe or Tef-
lon sample line. Further dilution of the sample then occurs automati-
cally to optimize the particle concentration for analysis. Alternatively,
the sample would require greater manual dilution with water (typical-
ly by at least a factor of 10 over the first dilution). The resulting di-
luted sample is then instilled in an appropriate, clean container, such
as a sterile Type I glass container, before being passed through the
sensor. In either case the final particle concentration is caused to lie
below the coincidence limit of the sensor. The sizing and counting
accuracy of the light obscuration instrument should be obtained using
three different size standards of approximately 5 mm, 10 mm, and 25
mm (triplicate analyses per size). The corresponding results for the
mean diameter should coincide with the expected values, within a
10% acceptable error. In addition, the number of particle counts ob-
tained per unit volume of diluted sample suspension should also
agree, within a 10% acceptable error, with the concentration values
certified in the documentation provided with each NIST-traceable size
standard.

Test Preparation—To a pre-established volume of Water add an
appropriate volume of sample from the lipid injectable emulsion.
Gently mix the fluids to achieve a homogeneous suspension. The di-
luted emulsion will be slightly turbid in appearance. If the light ob-
scuration instrument is equipped with an automatic dilution system,
the starting concentrated sample can be analyzed by injection directly
into the instrument via a syringe or nonreactive* Teflon sample line.
Further dilution then occurs automatically to optimize the droplet/
globule concentration for analysis. Alternatively, the sample would
require greater manual dilution with water (typically by at least a fac-
tor of 10 over the first dilution). The resulting diluted sample is then
instilled in an appropriate, clean container such as a sterile Type I
glass container. In either case the final droplet/globule concentration
is caused to lie below the coincidence limit of the sensor.

System Suitability—Using the Standard Preparation, measure
the number-weighted particle diameter and the corresponding stan-
dard deviation. The system is suitable once the sample has equilibrat-
ed and the results have stabilized and triplicate mean number-
weighted particle diameter measurements are obtained within 10%
of each other. The measured coefficient of variation (CV) for the
number-weighted particle size distribution should not deviate by
more than 25% from the CV value stipulated for the NIST-traceable
standard. The latter value is usually very small, assuming nearly uni-
form-size standard particles. Therefore, in practice the measured CV
value is usually considerably larger than this ideal value, being dic-

tated instead by the resolution of the LE/SPOS sensor. The resolution
of the sensor should be sufficiently good that the measured CV value
does not exceed 15% of the mean diameter of the NIST-traceable
standard. A larger CV value indicates that the latex microspheres
are not suitable as a standard because they either inherently lack uni-
formity or have become agglomerated to an unacceptable extent. In
this case, another standard latex suspension must be selected and
tested.

Procedure and Interpretation—If the light obscuration instru-
ment is equipped with an automatic dilution system, use a disposable
syringe or Teflon sample line to load the Standard Preparation or Test
Preparation. If no automatic dilution system is used, transfer the sam-
ple to an appropriate large-volume, clean container such as a sterile
Type I glass vessel containing an appropriate volume ofWater. Allow
the sample and Water to mix thoroughly to achieve a homogeneous
suspension. Set the instrument threshold of detection at 1.8 mm, ex-
tended to an upper limit of 50 mm, and employ measurement times of
120, 180, and 240 seconds for each run of each replicate of the sample
(n = 3 runs per sample).

&vary the concentration and/or data collection times such that

there is at least a factor of two in the difference of the total

number of globules that measure 45 mm between at least

two sample runs. In any case, the number of globules that mea-

sure 45 mm should be large enough so that it represents an

adequate number of globules that are statistically representa-

tive of the large-diameter tail population of the native emul-

sion.&1S (USP32)

As long as the three

&

&1S (USP32)

measurements of the volume-weighted percentage of fat greater than
5 mm (PFAT5) for each sample fall within 10% of each other (irre-
spective of run time), the results for the Test Preparation are accept-
able. Values exceeding this reproducibility tolerance suggest either
that the sample is unstable or that the dilution has not been optimized.
The volume-weighted, large-diameter fat globule limits of the dis-
persed phase, expressed as the percentage of fat residing in globules
larger than 5 mm (PFAT5) for a given lipid injectable emulsion, must
be less than

&are not to exceed&1S (USP32)

0.05%.

* Polyvinyl chloride (PVC) with diethylhexylphthalate (DEHP) has been
shown to induce breakdown of lipid injectable emulsions (Drug Product Prob-
lem Reporting System. USP File Access No. 11173, May 15, 1991).
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GENERAL CHAPTERS

General Information

BRIEFING

h1078i Good Manufacturing Practices for Bulk Pharmaceuti-
cal Excipients, USP 30 page 514. The following proposed revision is
based on the revised joint guide of the International Pharmaceutical
Excipients Council (IPEC) and the Institute of Quality Assurance
Pharmaceutical Quality Group (PQG), launched in 2006 by IPEC.
The revised IPEC/PQG guide was developed to produce a joint inter-
national Good Manufacturing Practices (GMP) guide for excipients,
which was to build on and replace the two groups’ existing docu-
ments. The quality system standard used as a framework for this re-
vised version is ISO 9001 : 2000. The revised version excludes sterile
excipients and products of biotechnology. Key areas improved in the
revised guide include structure and responsibility of the quality unit,
product release, validation, stability, change control, GMP principles,
and auditing considerations. Interested parties are encouraged to
comment on this proposal.

(EGC: R. Lafaver) RTS—C52178

Change to read:

h1078i GOOD MANUFACTURING
PRACTICES FOR BULK

PHARMACEUTICAL EXCIPIENTS

BACKGROUND

Many of the principles in this general information chapter are de-
rived from an international guidance on the extent and point of appli-
cation of appropriate good manufacturing practice principles. It is
intended to assist excipient manufacturers in determining whether
the methods used in, and the facilities and manufacturing controls
used for, production adequately ensure that an excipient possesses
the quality, purity, safety, and suitability for use that it purports to
possess.
The principles and information in this chapter can be applied to the

manufacture of all bulk pharmaceutical excipients (referred to
throughout this document as ‘‘excipient(s)’’) intended for use in hu-
man drugs, veterinary drugs, and biologics. It covers the quality sys-
tems and the extent of good manufacturing practices necessary
throughout the chain of production up to and including delivery to
customers. As an international guidance document, it does not pro-
vide information for all national legal requirements nor cover in detail
the particular characteristics of every excipient. The quality system
standard used as a framework for this chapter is ISO 9002, which
is appropriate to manufacturing. Information specific to excipients
has been added. Because of the diversity of excipients, some princi-
ples in this information chapter may not be applicable to certain prod-
ucts and processes.

This information chapter combines existing governmental regula-
tory good manufacturing practices principles and international quality
management system requirements as developed by The International
Organization for Standardization (ISO). In view of the increasing
globalization of the pharmaceutical industry and the harmonization
of pharmaceutical registration requirements, deference to both
schemes is becoming necessary. Therefore, relevant portions of both
manufacturing concepts are employed throughout this chapter.
The General Guidance section provides an overview of the appro-

priate manufacturing practices criteria applicable to excipient manu-
facture and the point of application of excipient good manufacturing
practices and quality systems. This section also recommends mea-
sures to limit contamination of an excipient and provides the relation-
ship of excipients to finished dosage forms. For a list of terms and
their definitions used in this information chapter, see Appendix 1.
The section Excipient Quality Systems provides information on the
requirements necessary for compliance with relevant good manufac-
turing practice principles and implementation of an excipient quality
system. Information for production facility requirements are included
under Process Control. No attempt has been made to include details
specific to particular excipients. The information under Appendix 2,
General Auditing Considerations, sets forth key criteria to aid in the
audit of an excipient manufacturing facility.

GENERAL GUIDANCE

International regulations governing drugs require that components
of the drugs be manufactured, processed, packed, and held in accor-
dance with good manufacturing practices. Unlike other pharmaceuti-
cal products and components, until now there was no guidance that
specifically addressed the manufacture of bulk pharmaceutical excip-
ients.
Excipients are substances, other than the active drug substance or

finished dosage form, that have been appropriately evaluated for safe-
ty and are included in drug delivery systems 1) to aid in the proces-
sing of the drug delivery system during its manufacture; 2) to protect,
support, or enhance stability, bioavailability, or patient acceptability;
3) to assist in product identification; or 4) to enhance any other attri-
bute of the overall safety, effectiveness, or delivery of the drug during
storage or use.
The application of good manufacturing practices to excipients is

relevant when it is determined that a chemical is intended for use
as a component of a drug product. Excipient manufacture should
be carried out in accordance with the manufacturing practice concepts
consistent with the information in this chapter. The objective of ex-
cipient good manufacturing practices is to ensure that excipients are
manufactured with the appropriate quality characteristics.
Excipients generally are manufactured on a large scale, which

means that the use of automated process controls and continuous
stream processing are more likely to be utilized. Production equip-
ment and operations will vary depending on the type of excipient be-
ing produced, the scale of production, and the type of operation (e.g.,
lot or batch versus continuous). The use of automated equipment is
appropriate when adequate inspection is conducted and calibration
and maintenance procedures are followed.
Manufacturing practice requirements increase as the process pro-

gresses. At some logical processing step, usually well before the final
finishing operation, appropriate manufacturing practices should be
imposed and maintained throughout the remainder of the process.
To determine the processing step at which these manufacturing prac-
tices should be implemented, good judgment and a thorough knowl-
edge of the process are required. A detailed process flow should
identify the unit operations, equipment used, stages at which various
substances are added, key steps in the process, critical parameters
(time, temperature, pressure, etc.), and monitoring points.
ISO 9000 series is a quality system standard of general application

that can be applied to cover every aspect of manufacturing to the ben-
efit of both the manufacturer and customer. It has taken several years
since its introduction in 1987 for the ISO 9000 series to be utilized
worldwide. There is no current regulatory requirement in Europe, Ja-
pan, or the United States for third party certification. A manufacturer
may apply the standard with or without certification. However, certi-
fication has the benefit of providing assurance to customers that con-
formance to this quality system has been independently confirmed.
Incorporation of GMP requirements into the ISO 9000 quality system
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enhances not only the quality system, but a company’s operational
procedures as well. Final dosage formulators worldwide increasingly
regard compliance with ISO 9002 as an essential qualification for
their suppliers. Obtaining certification is a business decision and is
not discussed in this general information chapter.

Excipient Purity

The processes used for the production of bulk pharmaceutical ex-
cipients and those used for the production of bulk pharmaceutical
chemicals are similar. Both can be manufactured by chemical synthe-
sis, recombinant DNA technology, fermentation, enzymatic reac-
tions, recovery from natural materials, or any combination of these
processes. Impurities, contaminants, carriers, vehicles, inert ingredi-
ents, diluents, or unwanted crystalline or molecular forms may be pre-
sent in the raw materials. Therefore, the starting materials for
excipients may not be required to be manufactured in accordance
with the manufacturing practices specified in this chapter because of-
ten the starting materials (or their derivatives) undergo significant
chemical change and physical modification or blending, with the re-
sult that many of the impurities present in the starting materials are
removed. The ultimate manufacturing objective is purification and
physical or chemical alteration, which is accomplished by various
chemical, physical, or biological processing steps. The effectiveness
of these steps is confirmed by chemical, biological, and physical test-
ing of the excipient. Excipients, once synthesized or isolated, normal-
ly undergo additional, extensive purification during manufacture.
Many excipients have applications other than for pharmaceutical

uses and are used in food, cosmetics, or industrial products. Thus,
environmental conditions, equipment, and operational techniques
employed in excipient manufacture often reflect the chemical indus-
try rather than the pharmaceutical industry. Many chemical processes
have the potential to produce toxic impurities from side reactions.
Therefore, careful process control may be essential. Also, the manu-
facturing environments may contain deleterious substances. How-
ever, chemical processes used to manufacture excipients are either
performed in closed systems that afford protection against such con-
tamination—even when the reaction vessels are not enclosed in build-
ings—or else these processes are in environments that must be
controlled.
It is important that manufacturers identify and set appropriate lim-

its for impurities. These limits should be based upon appropriate tox-
icological data, or limits described in national compendia as
requirements, as well as sound manufacturing practice considera-
tions. Manufacturing processes should be adequately controlled so
that the impurities do not exceed such established specifications.

Excipients in Finished Dosage Forms

The formulator of finished dosage forms is highly dependent on the
excipient manufacturer to provide bulk pharmaceutical excipients
that are uniform in chemical and physical characteristics. This is par-
ticularly important in the context of the product approval process
where bioequivalency comparisons are made between pivotal clinical
biobatch production and commercial scale-up lots or batches. To pro-
vide adequate assurance of drug product performance, the excipient
used to manufacture commercial lots or batches should not signifi-
cantly differ from those used in biobatches. Where significant differ-
ences do occur, additional testing by the manufacturer of finished
dosage forms may be required to establish the bioequivalence of
the finished product. It remains equally important to ensure that the
bioequivalence of subsequent, post-approval commercial lots or
batches of drug product is not adversely affected over time.
In general, excipients are used as purchased. Consequently, impu-

rities present in the excipient will be present in the finished dosage
form. While manufacturers of dosage forms may have limited control
over excipient quality through specifications, the excipient manufac-
turer has greater control over physical characteristics, quality, and the
presence of impurities in the excipient.
Excipients are used in different types of dosage forms where phys-

ical characteristics, such as particle size, may be important. While it is
primarily the responsibility of the manufacturer of finished dosage
forms to identify the particular physical characteristics needed, it is
the responsibility of the excipient manufacturer to adequately control

processes to ensure the excipient’s consistent conformance to speci-
fications. The excipient’s end use should be identified and considered
during inspection of excipient manufacturers’ facilities.
Particularly important is whether the excipient is a direct compo-

nent of a drug dosage form, whether the excipient will be used in the
preparation of a sterile dosage form, or whether the excipient is repre-
sented as pyrogen free. The excipient manufacturer is responsible for
ensuring that excipients are pyrogen free if the manufacturer makes
such a representation in specifications, labeling, contractual agree-
ment, or a Drug Master File (DMF).

EXCIPIENT QUALITY SYSTEMS

The information described below can be used as the basis for a
quality system in the manufacture of excipients. Procedures that are
utilized in the manufacture and control of excipients should be writ-
ten. Conformance to those procedures should be documented. A qual-
ity manual is a documented base and is intended to describe the
quality policy and the commitment of the supplier to quality. The pro-
cedural system should have adequate formal controls related to pro-
cedure approval, revision, and distribution. These controls should
provide assurance that the proper version of a procedure is being uti-
lized throughout the operation.

Management and Employee Responsibility

Quality Policy—Management should demonstrate commitment to
a quality policy that should be implemented within the operational
unit. Management should participate in the development of the com-
pany’s quality policy and provide the resources necessary for devel-
opment, maintenance, and review of such policy and quality system
at least annually. Management should be committed to this policy and
should appoint appropriate company personnel to be responsible for
coordination and implementation of the quality system.

Organization—There should be a quality unit, independent of
production, that has the responsibility and authority to approve or re-
ject all components, in-process materials, packaging materials, and
finished excipients. The quality unit should have the authority to re-
view production records to ensure that no errors have occurred or, if
errors have occurred, that they have been fully investigated. The qual-
ity unit should be responsible for approving or rejecting excipients
manufactured, processed, packaged, or held under contract by anoth-
er company. The quality unit can delegate these responsibilities if
proper controls, such as periodic audits and documentation of train-
ing, are in place. Adequate laboratory facilities for the testing and ap-
proval or rejection of raw materials, packaging materials, in-process
materials, and finished excipients should be available to the quality
control unit.
It is the responsibility of an independent unit, usually the quality

assurance group, which is independent of production, to participate in
issuing procedures, authorizing changes to processes, specifications,
procedures, and test methods and in investigating failure and com-
plaints.
An organization chart by function should be available showing in-

terdepartmental relationships as well as relationships to the manage-
ment of the company. As a minimum, all quality assurance, quality
control, production maintenance, and engineering functions should
have clear job descriptions.

Personnel—

Employee Responsibility—Employees engaged in the manufacture,
processing, packaging, or holding of an excipient should wear clean
clothing appropriate for the duties they perform. Protective apparel,
such as head, face, hand, and arm coverings, should be worn as nec-
essary to protect excipients from contamination. Only employees au-
thorized by supervisory personnel should enter those areas of the
buildings and facilities designated as limited-access areas.
Employees should practice good sanitation and health habits. Any

person shown at any time (either by medical examination or supervi-
sory observation) to have an apparent illness or open lesions that may
adversely affect the safety or quality of excipients should be excluded
from direct contact with components, excipient containers and clo-
sures, in-process materials, and finished excipients until the condition
is corrected or determined by competent medical personnel not to

Pharmacopeial Forum
344 Vol. 34(2) [Mar.–Apr. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.



jeopardize the safety or quality of the excipients. All employees
should be instructed to report to supervisory personnel any health
conditions that may have an adverse effect on excipients.

Other Requirements—There should be an adequate number of
qualified personnel to perform and supervise the manufacture, pro-
cessing, packaging, or holding of each excipient in a manner consis-
tent with the information in this guide. Management should establish
adequate and continued good manufacturing practices and personal
hygiene training for all employees handling products so that they un-
derstand the precautions necessary to prevent the contamination of
excipients.

Consultants—Consultants advising on the manufacture, proces-
sing, packaging, or holding of excipients should have sufficient edu-
cation, training, and experience, or any combination thereof, to advise
on the subject for which they are retained. Records should be main-
tained listing the name, address, and qualifications of any consultants
and the type of service they provide.

Technical Assistance—The excipient manufacturer should estab-
lish and maintain procedures for providing such technical assistance
as may be required.

Manufacturer and User Responsibilities

Contract Review—The manufacturer and user should mutually
agree upon the excipient specifications. The manufacturer must have
the facility and process capability to consistently meet the mutually
agreed upon specifications of the excipient(s). Subcontracting or sig-
nificant changes to a supplier’s audited process that could affect the
physical, chemical, or functionality of the excipient in a final dosage
form should be immediately communicated or pre-approved as mu-
tually agreed upon between customer and supplier.

Document and Data Control—The excipient manufacturer
should have a system to control all documents and data that relate
to the requirements of the quality system. When these documents
were issued and where they are located should be recorded. To iden-
tify the most recent document, each document should include a
unique identifier, date of issue, and revision number on each page.
The issuing department also should be identified. All changes, where
practical, and the reasons for the change should be documented. Doc-
uments and subsequent changes to the documents should be reviewed
and approved by designated qualified personnel before issuance to
the appropriate areas identified in the documents.

Purchasing—The purchaser should verify that the supplier of raw
materials, components, and services for the manufacture of excipients
has the capability to consistently meet the agreed-upon requirements.
This may include periodic audits of the vendor’s plant, if deemed nec-
essary. Purchasing agreements should contain data clearly describing
the product ordered, including where applicable, the following:
� The name, type, class, style, grade, item code number, or other

precise identification traceable to the raw material specification.
� Drawings, process requirements, inspection instructions, and

other relevant technical data, including requirements for approv-
al or qualification of product, procedures, process equipment,
and personnel.

These requirements also apply to selection and control of subcon-
tractors. Subcontractors include toll manufacturers and contract la-
boratories.

Control of Customer Supplied Products—The manufacturer
should establish and maintain procedures for verification, storage,
and maintenance of customer supplied products intended for incorpo-
ration into the customer’s excipients. Verification by the manufacturer
does not relieve the customer of the responsibility to provide an ac-
ceptable product. Any product that is lost, damaged, or is otherwise
unsuitable for use should be recorded and reported to the customer. In
this case, procedures should be in place for acceptable disposition and
replacement of the product.

Product Identification and Traceability—All items, from the re-
ceived raw materials, through the in-process goods, to the finished
products, should be clearly identified and traceable through a docu-
mented system. The system should allow the traceability of product
upstream and downstream. Identification of raw materials used in the
production of processed materials should be traceable using a batch

numbering system or any other appropriate system. The finished pro-
duct should be traceable to the customer and retrievable in case of the
need for a product recall.

Labeling—Labeling requirements for excipient packages are sub-
ject to applicable national and international regulatory requirements,
which may include transportation and safety measures. Procedures
should be employed to protect the quality and purity of the excipient
when it is packaged, and to ensure that the correct label is applied to
all containers. A good system of labeling should have, at a minimum,
the following features: the name of product; the manufacturer and dis-
tributor; a lot or batch number from which the complete lot or batch
history can be determined; a file of master labels [NOTE—A designa-
ted individual should review incoming labels or labels printed on de-
mand against the appropriate master labels.]; storage of labels in
separate containers or compartments to prevent mix-ups; formal issu-
ance of labels by requisition or other document; issuance of an exact
number of labels, sufficient for the number of containers to be la-
beled, retention copies, and calculated excesses, if any; reconciliation
of the number of labels issued with the number of unit packages and
retention labels, together with the destruction of excess labels bearing
lot or batch numbers; and avoidance of labeling more than one lot or
batch at a time without adequate separation and controls.
In instances where excipients are labeled on the packaging line,

packaged in pre-printed bags, or bulk shipped in tank cars, there
should be documentation of the system used to satisfy the intent of
the above requirements.
If the need for special storage conditions exists (e.g., protection

from light, heat, etc.), such restrictions should be placed on the label-
ing.

Retained Samples—Reserve samples of an excipient should be re-
tained for one year after the expiration or re-evaluation date, or for
one year after distribution is complete, whichever is longer. Sample
size should be twice the amount required to perform specification
testing.

Process Control

Buildings and Facilities—Any building or buildings used in the
manufacture, processing, packaging, or holding of an excipient
should be of suitable size, construction, and location to facilitate
cleaning, maintenance, and proper operations.

Cross-contamination Prevention—Cross-contamination should be
a consideration in the design of the manufacturing process and facil-
ity. The minimization of the degree of cross-contamination should be
dependent on the safety and intended use of the excipient.
It is expected that the degree of precautions taken in minimizing

cross-contamination be appropriate to the conditions of the manufac-
turing facility. Where two different grades of the same excipient are
manufactured in the same building or the same equipment, a trace
carryover from the production of the previously produced grade to
the present production may occur. This can be considered acceptable
if shown that the extent of commingling does not change the func-
tionality and safety of the excipient.
When the excipient product is initially recovered, it should be in a

clean environment and not exposed to airborne contaminants such as
dust, other excipients, or industrial chemicals. The primary consider-
ation is that the building and facilities be designed so that operations
performed within do not contribute to an actual or potential contam-
ination of the excipient.

Air Handling—Excipient plant air handling systems should be de-
signed to prevent cross-contamination. For dedicated areas proces-
sing the same excipient, it is permissible to recycle a portion of the
exhaust air back into the same area. The adequacy of such a system of
operation for multi-use areas, especially if several products are pro-
cessed simultaneously, should be carefully analyzed.
In multi-use areas where several products are completely confined

in closed vessels and piping systems, the extent of filtration of the
supply air (combined fresh make-up air and recycled air) is accept-
able if the conditions are consistent with other existing regulations
(e.g., environmental, safety). However, there should be data to dem-
onstrate adequacy of the air handling system. Where for process rea-
sons an inert gas is needed, these same rules should apply.
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Cleaning and Sanitary Conditions—Adequate cleanliness is an im-
portant consideration in the design of excipient manufacturing facil-
ities. Any building used in the manufacture, processing, packaging,
or holding of an excipient should be maintained in an appropriately
clean and sanitary condition. There should be written procedures as-
signing responsibility for sanitation and describing in sufficient detail
the cleaning schedules, methods, equipment, and materials used in
cleaning the buildings and facilities; such written procedures should
be followed and periodically reviewed. Conformance should be doc-
umented.
All buildings should be free of infestation by rodents, birds, in-

sects, and other vermin. Waste should be held and disposed of in a
timely and appropriate manner. However, many starting materials,
particularly botanicals, may have some unavoidable contamination,
such as rodent or other animal filth or infestation. The manufacturer
should have sufficient control methods to prevent the increase of such
contamination or infestation in holding areas or its spread to other
areas of the plant.

Other Facility Concerns—Any building used in the manufacture,
processing, packaging, or holding of an excipient should be main-
tained in a good state of repair. The following items are of particular
concern:

LIGHTING—Adequate light should be provided in all areas.

PLUMBING—Water that comes in contact with an excipient should
be supplied under continuous positive pressure in a plumbing system
free of defects that could contribute contamination to the excipient.
Drains should be of adequate size and, where connected directly to a
sewer, should be provided with an air break, or other mechanical de-
vice, to prevent back-siphoning.

WASHING AND TOILET FACILITIES—Adequate washing facilities
should be provided, including hot and cold water, soap or detergent,
air dryers or single service towels, and clean toilet facilities easily ac-
cessible to working areas.

Equipment—Equipment used in the manufacture, processing,
packaging, or holding of an excipient should be of appropriate de-
sign, adequate size, and in a suitable location to facilitate its opera-
tion, cleaning, and maintenance.

Outside Equipment—Some fermentation tanks, reaction vessels,
and certain other equipment may not be situated within a building,
and a considerable amount of processing may occur out-of-doors.
Such processing is acceptable provided it occurs in a closed system.

Multipurpose Equipment—Many excipients are produced using
multipurpose equipment. With few exceptions, such multiple usage
is satisfactory provided the equipment can be adequately cleaned ac-
cording to validated written procedures. The program should take in-
to consideration the need for different cleaning procedures,
depending on the safety considerations of the product or intermediate
and what product or intermediate was previously produced. Products
that leave residues that cannot be easily removed should be produced
in dedicated equipment.
Where multipurpose equipment is in use, it is important to be able

to determine previous usage when investigating cross-contamination
or the possibility of such contamination. An equipment cleaning and
use log, while desirable and perhaps preferable, is not the only meth-
od of determining prior use. Any documentation system that clearly
identifies the previous lot or batch and shows that the equipment was
cleaned is acceptable.
Cleaning and disinfection procedures should be properly estab-

lished by competent personnel using the model product approach,
when applicable. These procedures should be designed to meet or ex-
ceed the particular needs of the product and process involved and be
set down in a written schedule available for the guidance of employ-
ees and management. An effective and regular cleaning program
should be put in place to remove product residues and dirt, which
may also contain microorganisms and act as a source of contamina-
tion.
The supplier should demonstrate the effectiveness and efficiency of

the cleaning and disinfection procedures for each piece of equipment,
and the cleaning status of equipment should be recorded. Validation
data should prove that the cleaning procedure is acceptable. An eval-
uation should consider the potential impact that traces of contaminant
may have on the product supplied to the customer. All equipment that
has been in contact with contaminated material should be thoroughly
cleaned and disinfected before coming in contact with an excipient.

Controlled Environment—A controlled environment may be nec-
essary to avoid microbial contamination or degradation caused by ex-
posure to heat, air, or light. The degree of protection required may
vary depending on the stage of the process. Equipment should be de-
signed to minimize the possibility of contamination caused by direct
operator contact in such activities as the unloading of centrifuge bags,
use of transfer hoses (particularly those used to transfer powders), and
the operation of drying equipment and pumps. The sanitary design of
transfer and processing equipment should be evaluated. Those with
moving parts should be assessed in regard to the integrity of seals and
packing materials to avoid their contaminating the product.
Special environments required by some processes should be mon-

itored at all times to ensure product quality (e.g., inert atmosphere,
protection from light). Where inert atmosphere is required, the gas
should be treated as a raw material. If interruptions in a special envi-
ronment occur, adequate evidence and appropriate rationales should
be documented to show that such interruptions have not compro-
mised the quality of the excipient. Such environmental concerns be-
come increasingly important after purification of the excipient has
been completed.

Construction—Process equipment should be constructed so that
their contact surfaces will not be reactive, additive, or absorptive so
as to alter the quality attributes of the excipient. Substances required
for operation, such as lubricants or coolants, should not come into
contact with components, excipient containers, closures, in-process
materials, or finished excipients. Materials acceptable for food grade
use should be used where product exposure or contamination is pos-
sible.

Maintenance—Equipment and utensils should be maintained and
sanitized (where necessary) at appropriate intervals to prevent mal-
functions or contamination that would alter the standards and charac-
teristics of the excipient beyond the official, or otherwise established,
requirements. Written procedures should be established and followed
for maintenance of critical equipment, including utensils, used in the
manufacture, processing, packaging, or holding of the excipient. Re-
cords should be kept of preventive maintenance of equipment and
utensils, a description of the maintenance performed, and the batch
or lot number of the excipient that was present in the equipment be-
fore and after the activity.
These records can be in the form of a log, computer database, or

other appropriate documentation, provided the system can properly
identify who was responsible for performing each function.

Water Systems and Water Quality—Potable water may be used
in the production of excipients, provided that established water qual-
ity standards are consistent with regulatory requirements for source
drinking water. If the manufacturer specifies water of pharmacopeial
quality in the specifications or DMF, the water should meet the par-
ticular pharmacopeial standards. Data from periodic testing should be
available to show compliance with chemical and microbiological
standards, including freedom from pathogenic organisms. Data need
not be generated by the manufacturer if such data are available from
municipal water authorities.
While drinking water is used for many excipient processes, Puri-

fied Water is also widely used in the manufacture of excipients. Be-
cause of the well-recognized potential for microbial growth in
deionizers and ultrafiltration or reverse osmosis systems used to pro-
duce Purified Water, such systems should be properly validated and
controlled.
Proper control methods include the establishment of water quality

specifications and corresponding action levels, remedial action when
microbial levels are exceeded, and adequate maintenance procedures
such as regeneration and sanitation or sterilization.
Appropriate specifications for chemical and microbial quality

should be established and periodic testing conducted. Such specifica-
tions will vary depending on the process and the point in the process
when the water is used. The water quality standards should reflect the
intended use of the excipient. The frequency of microbial and chem-
ical testing of Purified Water is dependent upon a variety of factors,
including the test results and the point in the process (e.g., final wash
in centrifuge) at which such water is used.
Similar principles to those discussed above for Purified Water ap-

ply to Water For Injection used in sterile and pyrogen-free excipient
processing. The water for injection (WFI) system should be moni-
tored for microorganisms, and the validation data and reports of mon-
itoring should be reviewed as is required for finished dosage forms.
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Most purified and WFI water systems, including ultrafiltration and
reverse osmosis systems, have the potential for the development of
endotoxins. If the final excipient product purports to be pyrogen free
or sterile, or will be used in preparing parenteral products, validation
of the system to control endotoxins should be conducted and routine
testing of the process water for endotoxins should be performed (pre-
ferably by the LAL method).

Aseptic and Sterile Manufacturing—The manufacture of sterile
excipients for use in aseptic or sterile processing presents technical
challenges. Because humans are the primary source of contamination
in an aseptic operation, the process should be designed to eliminate
this direct contact. Those aseptic excipient operations that utilize con-
siderable operator involvement should have adequate controls.
The excipient manufacturer should document the sanitizing of crit-

ical processing equipment. Processes used for the sterilization of
equipment should be validated. The manufacturer also should verify
that no chemical interaction with the product occurs.
There are guidelines and compliance programs that provide de-

tailed guidance for the manufacture of sterile products. These docu-
ments should be reviewed in association with sterile excipient
manufacturing inspections.

Validation of Process and Control Procedures—Excipient man-
ufacturers are expected to adequately determine and document that all
significant processing steps are performed consistently. The type of
excipient, the breadth of the specification relative to the degree of pro-
cess control, and other factors determine the extent of the process de-
velopment and documentation required.
An important factor in the assurance of product quality includes the

adequate design and control of the manufacturing process because
product testing alone is not sufficient to reveal variations that may
have occurred. Each step of the manufacturing process should be con-
trolled, to the extent necessary, to ensure that the excipient meets es-
tablished specifications. The concept of process validation is a key
element in assuring that these quality assurance goals are met. Doc-
umentation describing the process reactions, operating parameters,
purifications, impurities, and key tests needed for process control
should be written, thus providing the basis for validation.
Many manufacturers already possess the data necessary to validate

that their processes perform in a consistent manner. For example, lim-
itations of a reaction or purification step are usually identified in the
development phase. Known impurities and tests used to determine
their levels are also established at this phase. Thus, when the process
is scaled up to production of a lot or batch size, a comparison can be
made with development lots or batches. Scale-up and development
reports, along with purity profiles, would constitute an appropriate
validation report.

Stability—While many excipient products are very stable and may
not require extensive testing to ensure stability, the stability of excip-
ients is an important contributing factor to the stability of the finished
dosage form. The stability of excipients may be affected by unde-
tected changes in raw material specifications or subtle changes in
manufacturing procedures. Excipient products also may be shipped
in a large variety of different packaging types that can affect their sta-
bility (e.g., drums that are metal and plastic, bags and bottles that are
plastic or glass, tank cars, etc.).
Some excipients may be available in different grades (i.e., various

molecular weights of a polymer or different monomer ratios, etc.) or
some may be mixtures or blends of other excipients. These excipients
may be very similar to others within a product group. Minor quanti-
tative differences of some of the components may be the only signif-
icant variation from one product to another. For these types of
excipients, a model product approach may be appropriate to assess
the stability of similar excipients. Stability studies would involve
the selection of several model products that would be expected to
simulate the stability of the product group being assessed. This elec-
tion should be based on scientifically sound theories. Data from sta-
bility studies of these model products can be used to determine
theoretical stability for similar products.
There should be a documented testing program designed to assess

the stability characteristics of excipients. The results of such stability
testing should be used in determining appropriate storage conditions
and their re-evaluation or expiration dates. The testing program
should be ongoing and should include the following: the number of
lots per year, sample size, and test intervals; the storage conditions for

samples retained for testing; those test methods that are necessary to
indicate stability; and a simulation of containers and storage time
equivalent to those conditions in the marketplace, if possible.
For excipients that have been in the market for a long time, histor-

ical data may be used to assign the shelf life and storage conditions.
The testing program can also be modified based on available histor-
ical data.

Expiration Dating and Re-evaluation—If testing indicates a
short shelf life under anticipated storage conditions, the excipient
should either be labeled with an expiration date or be re-evaluated
at appropriate intervals to determine its continued suitability for
use. If the excipient has been in the market for a long time, the expi-
ration date or its re-evaluation must be derived from appropriate sta-
bility testing or from historical data. With few exceptions, expiration
dates are not presently considered to be a general requirement for all
excipients. Thus, the absence of an expiration date is not objection-
able.

Process Changes (Change Control)—The excipient manufacturer
should establish and maintain written procedures for the identifica-
tion, documentation, appropriate review, and approval of changes
within the production processes. An independent group (such as reg-
ulatory affairs, quality assurance, etc.) should have the responsibility
and authority for the management and final approval of changes. Sig-
nificant operational changes should be based on validated excipient
studies. The effect of the changes should be communicated to both
internal and external customers.

Lot or Batch Production Records—There is increased use of
computer systems to initiate, monitor, adjust, and otherwise control
manufacturing processes. These operations may be accompanied by
recording charts that show key parameters (e.g., temperature) at suit-
able intervals, or even continuously throughout the process. In other
cases, key measurements (e.g., pH) may be momentarily displayed on
a monitor screen but not available in hard copy. In both cases, con-
ventional hard-copy lot or batch production records such as those
showing the addition of ingredients, actual performance of operations
by identifiable individuals, and other information usually seen in con-
ventional records may not be generated. Therefore, documentation of
the excipient manufacturing process should include a written descrip-
tion of the process and production records.
As a practical matter, when computers and other sophisticated

equipment are employed, the following considerations are essential:
systems and procedures that show the equipment and software is in
fact performing as intended; checking and calibrating the equipment
at appropriate intervals; retention of suitable backup systems, such as
copies of the program and files; and assurance that changes in the
program are documented, validated, and made only by authorized
personnel.

In-Process Blending or Mixing—In-process blending or mixing
to ensure batch uniformity or to facilitate processing is acceptable
provided it is adequately controlled and documented. In order to en-
sure batch uniformity, homogeneous mixing of all materials, to the
extent feasible, and reproducibility from batch to batch is essential.
Blending of batches or lots that individually do not conform to spe-
cifications with other lots that do conform (to salvage or hide adult-
erated material) is not an acceptable practice.
In-process blending or mixing, which is performed to facilitate pro-

cessing, includes the use of holding tanks, reprocessing, and repeated
crystallizations. Incidental carryover is another type of in-process
mixing that frequently occurs and is usually acceptable because
cleanup between successive lots or batches of the same excipient is
not normally required to maintain quality levels during a production
operation.

Solvents, Mother Liquors, and Second Crops—Many excipients
are extracted from, or purified by, the use of organic solvents. These
solvents are normally removed by drying the moist excipient. It is
important that excipient specifications include tests and limits for re-
sidues of solvents.
Solvents may be recovered and reused in the same process or dif-

ferent processes provided that the recovered solvents are shown to
meet appropriate standards prior to reuse or commingling with other
approved material. Mother liquors or filtrates containing recoverable
amounts of excipients, reactants, or intermediates are frequently re-
used. Recovery procedures for such excipients are acceptable if the
recovered excipient meets its specifications and recovery procedures
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are indicated in lot or batch production records. Recovery procedures
for reactants and intermediates are acceptable if the recovered mate-
rials meet suitable specifications.

Inspection and Testing

Testing programs should include the establishment of scientifically
sound and appropriate specifications, standards, sampling plans, and
test procedures designed to ensure that components, containers, clo-
sures, in-process materials, labeling, and finished excipients conform
to established standards.
It is not appropriate to retest a sample, which previously gave a

nonconforming test result, and to release the material based solely
on the retest results. This would only be appropriate if it is demon-
strated that the original test result was erroneous based on a docu-
mented investigation. Otherwise, statistical treatment of all the test
data, including both the original and retest, should be used to justify
release of the lot. These same principles apply when the representa-
tive of the sample is suspect. The excipient manufacturer should es-
tablish procedures for identifying adequate statistical techniques that
may be required for verifying the acceptability of process capability
and product characteristics.

Test Status—There should be a system to identify the inspection
status of all materials including raw materials, intermediates, and fin-
ished products. While storing materials in properly identified loca-
tions is preferred, any means which clearly identifies the test status
is satisfactory.
Upon receipt, raw materials should be placed in quarantine status

and should not be used prior to acceptance. Effective quarantine can
be established with suitable identifying labels or signs, or validated
documentation systems. With increasing frequency, quarantine and
documentation is widely accomplished with a computer system in
lieu of a physical stock control system. This is acceptable provided
that system controls are adequate to prevent use of unreleased mate-
rial.

Raw Material Testing—Raw materials should be tested or other-
wise verified prior to use. Verification should include a supplier cer-
tificate of analysis and, wherever feasible, at least an identification
test. There should be clear guidelines established for the approval
of each raw material.
Raw material specifications should be written documents, even if

only minimal requirements are specified. Such specifications will va-
ry in depth and sophistication, depending on various factors such as
the critical nature of the raw material, its function in the process, the
stage of manufacture, and the hazards associated with sampling. The
specifications should be organized to separate those tests that are rou-
tine from those that are performed infrequently or only for new sup-
pliers.
Rawmaterials are usually subjected to an identity test and addition-

al testing to determine if they meet appropriate specifications. Labor-
atory controls should include a comprehensive set of meaningful
analytical procedures designed to substantiate that the raw materials
meet established specifications. Some raw materials may not be ac-
ceptance tested by the manufacturer because of the hazards involved.
This is acceptable where there is a reason based on safety or other
valid considerations. In such a circumstance, assay certification for
each lot from the vendor should be on file. There should always be
some evidence of an attempt by the excipient manufacturer to estab-
lish identity, even if it is only a visual examination of containers, ex-
amination of labels, and recording of the lot or batch numbers from
the labels.

In-Process Testing—Excipients are normally subject to various
in-process tests to show that a manufacturing process is proceeding
satisfactorily. Such tests often are performed by production personnel
in production laboratory facilities. Approval to continue with the pro-
cess is often issued within the production department. The important
considerations are that specified tests are performed by trained per-
sonnel and recorded, and that results are within specified limits.
In-process inspection and testing should be performed based upon

monitoring the process or actual sample analysis at defined locations
and times. The results should conform to established process param-
eters or acceptable tolerances. Work instructions should delineate the
procedure to follow and how to utilize the inspection and test data to
control the process.

Finished Product Testing and Release—Finished product testing
should be performed by the quality unit and should conform to writ-
ten specification. There should be a procedure that ensures that appro-
priate manufacturing documentation, in addition to the test data, is
evaluated prior to release.
All appropriate records relating to inspection and testing should be

available for review. Where the process is continuously monitored,
acknowledgment that the process was monitored and the results of
the monitoring should be available.

Control of Nonconforming Product—Any raw material, inter-
mediate, or finished excipient found not to meet specifications should
be clearly identified and segregated to prevent inadvertent use or re-
lease for sale. A record of nonconforming product should be main-
tained. All incidence of nonconformance should be investigated to
identify the root cause. This investigation should be documented
and corrections made to prevent recurrence of the problem.
Procedures should exist for the evaluation and fate of nonconform-

ing products. Nonconforming product should be reviewed in accor-
dance with documented procedures to determine its final outcome.
The nonconforming product may be reprocessed or reworked to meet
the specified requirements and then accepted with agreement by the
customer, regraded for alternative applications, or destroyed.

Returned Excipient Products—Returned excipient products should
be identified as such and held. If the conditions under which the prod-
ucts have been held, stored, or shipped before and during return, or if
the condition of the container casts doubt about its safety, identity,
strength, quality, or purity, the product should be destroyed unless
examination, testing, or other investigations prove that the excipients
meet appropriate standards of safety, quality, or purity.
Records of returned products should include the name and lot num-

ber (or control batch number), reason for the return, quantity returned,
date of disposition, and ultimate fate of these products. Procedures for
the holding, testing, and reprocessing should be written and followed.

Corrective and Preventive Actions—The supplier should establish,
document, and maintain procedures for
� investigating the cause of nonconforming product, returns, and

complaints along with the corrective action needed to prevent
recurrence;

� analyzing all processes, work operations, concessions, quality
records, and service reports to detect and eliminate potential
causes of nonconforming product;

� initiating preventive actions to deal with problems to a level cor-
responding to the risks encountered;

� applying controls to ensure that corrective actions are taken and
that they are effective; and

� implementing and recording changes in procedures resulting
from corrective action.

Reprocessing or Reworking—Reprocessed or reworked product
should be re-inspected in accordance with documented procedures.
Reprocessing or reworking of an excipient may be acceptable. How-
ever, merely relying on final testing of the reprocessed excipient as a
means of demonstrating compliance to specification and neglecting
the investigation and evaluation of the manufacturing process is un-
acceptable.
Reprocessed material should also be evaluated and documented to

ensure that the lot or batch will conform with all established stan-
dards, specifications, and characteristics equivalent to those of the
original material. There should be a sufficient investigation, evalua-
tion, and documentation to show that the reprocessed excipient is at
least equivalent to other acceptable products and that the nonconfor-
mance did not result from an inadequate process. If the need for re-
processing resulted from human error, it may indicate other
deficiencies, such as inadequate training or work instructions.
Reprocessing or rework that is not a normal part of the validated

process should not be performed without the review and approval of
an independent group such as regulatory affairs, quality assurance,
etc.
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Inspection, Measuring, and Test Equipment

Calibration of all in-process instruments identified as quality in-
struments, as well as test equipment used in the laboratory, should
be traceable to recognized standards. Laboratory instruments, such
as spectrometers, viscosimeters, and other apparatus, as well as re-
agents, buffer solutions, and standard solutions would be included.
The control program should include the standardization or calibra-

tion of reagents, instruments, apparatus, gauges, and recording de-
vices at suitable intervals in accordance with an established written
program containing specific directions, schedules, limits for accuracy
and precision, and provisions for remedial action in the event accu-
racy or precision limits are not met. Reagents, instruments, apparatus,
gauges, and recording devices not meeting established specifications
should not be used.
Computer systems used to verify that the product conforms to spe-

cifications should be audited to ensure satisfactory performance.

Handling, Storage, Preservation, Packaging, and
Delivery

Handling, Storage, and Preservation—Excipient products, inter-
mediates, and raw materials should be handled and stored under ap-
propriate conditions of temperature, humidity, and light so that the
identity, strength, quality, and purity are not affected. Storage and
handling procedures should protect containers and closures from con-
tamination and deterioration and should prevent mix-ups (e.g., be-
tween containers that have different specifications but are similar in
appearance).
Raw materials, including solvents, are sometimes stored in silos or

other large containers, making precise separation of lots or batches
difficult. If such materials are used, this should be noted in an inven-
tory or other record, with reasonable accuracy.
Outdoor storage of raw materials (e.g., acids, other corrosive sub-

stances, explosive materials) is acceptable provided the containers
give suitable protection to their contents, identifying labels remain
legible, and containers are adequately cleaned prior to opening and
use.

Packaging System—An excipient packaging system should in-
clude, at a minimum, the following features:
� Written specifications, examination or testing methods, and

cleaning procedures where so indicated.
� Tamper evident seals, particularly if the excipient claims to be

sterile or nonpyrogenic or if returned material is to be restocked.
� Evaluation of the container closure system, in which it is dem-

onstrated that there is adequate protection from deterioration and
contamination and that the excipient is not altered beyond its es-
tablished specifications.

� All previous labeling removed or defaced if returnable excipient
containers are reused. If the containers are repetitively used sole-
ly for the same excipient, all previous lot or batch numbers or the
entire label should be removed or completely obliterated.

Delivery—The manufacturer should arrange for the protection of
the quality of product after final inspection and test. Where contrac-
tually specified, this protection should be extended to include deliv-
ery to the destination.
Distribution records should be kept that document all shipments of

finished products. To facilitate its recall, if necessary, these records
should identify by excipient batch or lot where and to whom the pro-
duct was shipped, the amount shipped, the carrier, and the date of
shipment.

Quality Record Control

The manufacturer should establish and maintain procedures for
identification, collection, indexing, filing, storage, maintenance, and
disposition of quality records. Quality records should be maintained
to demonstrate achievement of the required quality and the effective
operation of the quality system. Pertinent subcontractor quality re-
cords should be an element of the data.
All quality records should be legible and identify the product in-

volved. Quality records should be kept for at least as long as samples
are retained or in accordance with legislative requirements. These re-

cords should be stored in facilities that provide a suitable environment
to minimize deterioration or damage and to prevent loss and should
be maintained in such a way that they are readily retrievable.
Batch production and control records should be prepared for each

batch of excipient produced and should include complete information
relating to the production and control of each batch. These records
should include an accurate reproduction of the appropriate master
production or control record, checked for accuracy, dated, and signed;
and documentation that each significant step in the manufacture, pro-
cessing, packing, or holding of the batch was accomplished, includ-
ing the following:
� Dates
� Identity of individual major equipment and lines used, and spe-

cific identification of each batch of component or in-process ma-
terial used

� Weights and measures of components used in the course of pro-
cessing

� In-process and laboratory control results
� Inspection of the packaging and labeling area before and after

use
� A statement of the actual yield and a statement of the percentage

of theoretical yield at appropriate phases of processing
� Complete labeling control records, including specimens or cop-

ies of all labeling used
� Description of drug product containers and closures
� Any sampling performed
� Identification of the persons performing and directly supervising

or checking each significant step in the operation
� Any investigation made for failures and discrepancies
� Results of examinations made during final product inspection.

Internal Quality Audits

The excipient manufacturer should carry out a comprehensive sys-
tem of planned and documented internal quality audits to verify
whether quality activities comply with planned arrangements and to
determine the effectiveness of the quality system. Audits should be
scheduled on the basis of the status and importance of the activity.
The audits and follow-up actions should be carried out in accordance
with documented procedures.
The results of the audits should be documented and brought to the

attention of the management personnel having responsibility in the
area audited. The management personnel responsible for the area
should take corrective action on the deficiencies found by the audit.

Training

The excipient manufacturer should establish and maintain proce-
dures for identifying and providing the training needs of all personnel
performing activities affecting quality. Appropriate records of train-
ing should be maintained. Training should directly relate to the em-
ployee’s function or performance of specific operations and to good
manufacturing practices. This training should be conducted by qual-
ified individuals on a continuing basis and with sufficient frequency
to ensure that employees remain familiar with any applicable manu-
facturing practice requirements.

APPENDIX 1. DEFINITIONS

Active Ingredient: a substance or bulk pharmaceutical chemical
that is intended to furnish pharmacological activity or other direct ef-
fect in the diagnosis, cure, mitigation, treatment, or prevention of dis-
ease or to affect the structure or any function of the body of man or
other animals.
Adulterated Substance: a material that has either been contami-

nated with a foreign substance or not manufactured using good man-
ufacturing practices. This definition does not pertain to materials that
do not meet physical or chemical specifications.
Aseptic: an environment free from pathogenic microorganisms.
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Batch (Lot): a defined quantity of raw material, intermediate ma-
terial, packaging components, or final product processed so that it is
expected to be homogeneous. In a continuous process, a batch corre-
sponds to a defined portion of the production, based on time or quan-
tity (e.g., vessel volume, one day’s production, etc.).
Batch Number (Lot Number): a distinctive combination of num-

bers or letters from which the complete history of the manufacture,
processing, packing, coding, and distribution of a batch can be deter-
mined.
Batch Numbering System: a standard operating procedure (SOP)

describing the details of assigning batch numbers.
Batch Record: documentation that provides the history of a batch

from the raw material stage to completion of the batch or lot.
Blending (Mixing): intermingling different conforming grades in-

to a homogeneous lot.
Certificate of Analysis: a document relating specifically to the re-

sults of testing a representative sample drawn from the material to be
delivered.
Clean Area: an area with defined environmental control of partic-

ulate and microbial contamination, constructed and used in such a
way as to reduce the introduction, generation, and retention of con-
taminants in the area.
Commingling: the blending of trace carryover material from one

grade of an excipient with another, usually due to a continuous pro-
cess.
Contaminant: an impurity not intended to be present in an excip-

ient, which may be introduced by poor cleaning, processing, or lack
of appropriate environmental and personnel controls during the man-
ufacturing process.
Continuous Process: a manufacturing process that continually

produces an excipient from a continuous supply of raw materials.
Critical Process: a manufacturing process step that may cause var-

iation in quality attributes.
Cross-contamination: contamination during production of a raw

material, intermediate, or of a finished excipient with another raw ma-
terial, intermediate, or product.
DMF: detailed information submitted to the United States Food

and Drug Administration concerning a specific facility, process, or
product intended for incorporation by reference into a new drug ap-
plication, supplemental new drug application, abbreviated new drug
application, or investigational new drug application.
Excipient: any substances, other than the active drug or product,

that have been appropriately evaluated for safety and are included in a
drug delivery system to either aid the processing of the drug delivery
system during its manufacture, protect, support or enhance stability,
bioavailability, or patient acceptability, assist in product identifica-
tion, or enhance any other attribute of the overall safety and effective-
ness of the drug delivery system during storage or use.
Expiration Date: the date beyond which the product may no lon-

ger conform to relevant specifications.
Finished Dosage Form (Drug Product): a finished pharmaceuti-

cal product, prepared for consumer applications, containing excipi-
ents and the active drug substance.
Finished Product: any pharmaceutical product that has undergone

all stages of production, including packaging and labeling.
Finished Process Materials: any material that has undergone all

stages of production and is released from quality control.
Homogeneous Material: throughout the batch, material of uni-

form consistency and composition.
Impurity: a substance contained in a product other than the de-

sired substance.
In-Process Testing: monitoring checks performed during produc-

tion to ensure that the product conforms to its specifications.
In-Process Material: any material that must undergo further man-

ufacture before it becomes a bulk product.
Intermediate Product: any material that must undergo further

manufacturing steps before it becomes a bulk product.
Lot: See Batch.
Manufacturer: the company that performs the final production

steps and release of the product.
Manufacturing Process: all steps necessary to produce a finished

product from raw materials.
Master Formula (Master Formula Record): documentation de-

scribing the manufacture of the excipient from raw material to com-
pletion of the lot or batch.

Material Review Board: a committee or group selected to evalu-
ate the disposition of potentially nonconforming material.
Model Product: a product that simulates a group of like products.
Mother Liquor: a concentrated solution from which the product is

obtained by evaporation, freezing, or crystallization.
Re-evaluation Date: that date beyond which the bulk pharmaceu-

tical excipient should not be used without prior adequate re-examina-
tion.
Representative Sample: a sample drawn according to an appro-

priate sampling plan, which may involve regular or random selection.
Reprocessing: introducing back into the process previously pro-

cessed material that did not conform to standards or specifications
and repeating steps that are already part of the normal manufacturing
process.
Nonconforming Material: any material that does not meet man-

ufacturer’s specifications or applicable good manufacturing practices.
Packaging: the act of filling and labeling a container with a pro-

duct.
Packaging Material: the containers, closures, and labels em-

ployed in the packaging of a product.
Processing Instructions: the manufacturing procedures set forth

in the master formula.
Production: all operations involved in the preparation of an excip-

ient pharmaceutical product, from receipt of raw materials through
the completion of a finished product.
Purification: the process of removing impurities from a substance.
Quality: the totality of features and characteristics of a product that

bear on its ability to satisfy stated or implied needs.
Quality Assurance: all those planned and systematic actions nec-

essary to provide confidence that a product or a service will satisfy
given requirements for quality.
Quality Control: all activities such as measuring, examining, test-

ing, or gauging one or more characteristics of a product (including
raw materials) and comparing the findings with specified require-
ments to determine conformity.
Quality Control Instruments: measurement instruments used to

monitor the manufacturing process, in-process controls, and the fin-
ished excipient products for final quality control approval.
Quarantine: the status of any material isolated physically or by

other effective means while awaiting a decision on its use.
Raw Material: any substance used in the production of a product

excluding packaging materials.
Reserve (Retained) Sample: a representative sample of the final

excipient batch of sufficient quality and quantity necessary to perform
quality control analyses twice.
Returned Products: finished products sent back to the manufac-

turer.
Reworking: introducing previously processed material that did not

conform to standards or specifications to processing steps that are dif-
ferent from the normal process.
Significant Processing Step: processing steps that are required to

produce an excipient that meets the established physical and chemical
criteria.
Shelf Life: the length of time during which the excipient exhibits

stability.
Specifications: the quality parameters that serve as a basis for

quality evaluation and to which the products or materials must con-
form.
Stability: the continued conformance of the excipient to its speci-

fications.
Standard Operating Procedures (SOPs): a written authorized

procedure that gives instructions for performing operations.
Validation: documentation that states that any procedure, process,

equipment, material, or activity consistently leads to the expected re-
sults.
Vendor: an organization contracted to supply a material or perform

a service.

APPENDIX 2. GENERAL AUDITING CONSIDERATIONS

Evaluation

Prevention of Contamination—In evaluating the adequacy of
measures taken to prevent contamination of materials in the process,
it is appropriate to consider the following factors:
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� Type of system (e.g., open or closed. Closed systems in chemical
plants are often not closed when they are being charged or when
the final product is being emptied. Also, the same reaction ves-
sels are sometimes used for different reactions)

� Form of the material (e.g., wet or dry)
� Stage of processing and use of the equipment and/or area (e.g.,

multi-purpose or dedicated)
� Continuous versus (discrete) batch production.
Other factors that should be considered in evaluating an excipient

plant are the degree of exposure of the material to adverse environ-
mental conditions, the potential for cross-contamination from any
source, the relative ease and thoroughness of clean-up, and sterile ver-
sus nonsterile operations.

Documentation—An excipient manufacturer should recognize the
need for appropriate evaluation and utilization of proper standards
and test procedures for raw materials before they are introduced into
the process. In addition, as chemical processing proceeds, a chain of
documentation should be established that includes the following:
� A written process
� Identification of critical processing steps
� Appropriate production records
� Records of initial and subsequent lot or batch numbers
� Records of raw materials used
� Intermediate test results with meaningful standards.
The production of some excipients involves processes in which

chemical and biochemical mechanisms have not been fully character-
ized; therefore, the methods and procedures used in their production
will often differ from those applicable to the manufacture of finished
dosage forms.
It should be recognized that all intermediates need not require test-

ing. An excipient manufacturer should, however, be able to identify
critical or key points in the process where selective intermediate sam-
pling and testing is necessary in order to monitor process perfor-
mance. The records should become more complete as the end of
the process approaches. The finishing steps and packaging steps
should be conducted under appropriate conditions to avoid contami-
nation and mix-ups and be appropriately documented.

Inspections

Inspection of an excipient operation may depend on the purpose of
the audit and intended use of the excipient. Operational limitations
and validation of the significant processing steps of a production pro-
cess should be examined to determine that the manufacturer ade-
quately controls steps to ensure that the process performs
consistently. Overall, an inspection should determine the excipient
manufacturer’s capability to deliver a product that consistently meets
the specifications listed in the marketed application or the product
specifications needed for research purposes. A team consisting of au-
ditors, engineers, laboratory analysts, purchasing agents, computer
experts, or other appropriate personnel should participate in the in-
spection when resources permit. Confidentiality of the manufactur-
ers’ processes must be respected by external auditors.
A good starting point for an excipient plant inspection is a review

of the following areas.
� Nonconformance—This could be because of the rejection of a

lot or batch that did not meet specifications, customer com-
plaints, return of a product by a customer, or recall of a product.
The cause of the nonconformance should have been determined
by the manufacturer, a report of the investigation prepared, and
subsequent corrective action initiated and documented. Records
and documents should be reviewed to ensure that nonconfor-
mances are not the result of a poorly developed or inconsistent
process.

� Complaint files—Customers may report some aspects of product
attributes that are not entirely suitable for their use. These may
be caused by impurities or inconsistencies in the excipient man-
ufacturing process.

� Change control logs
� Material Review Board documents or equivalent team reports
� Master formula and lot or batch production records—Frequent

revisions may reveal problems in the excipient production pro-
cess.

� Specifications for the presence of unreacted intermediates and
solvent residues in the finished excipient

� Storage areas for rejected products.

Significant Processing Steps

Significant processing steps are those steps that are required to pro-
duce an excipient that meets the established physical and chemical
criteria. These steps should be identified by the excipient manufactur-
er. Significant processing steps can involve a number of unit opera-
tions or unit processes. Unit operations include physical processing
steps involving energy transfer where there is no chemical change
of the molecule. Unit processes include those processing steps where-
in the molecule undergoes a chemical change.
Significant processing steps can include, but are not limited to, the

following:
� Phase changes involving either the desired molecule, solvent,

inert carrier or vehicle (e.g., dissolution, crystallization, evapo-
ration, drying, sublimation, distillation, or absorption)

� Phase separation (e.g., filtration or centrifugation)
� Chemical changes involving the desired molecule (e.g., removal

or addition of water of hydration, acetylization, formation of a
salt)

� Adjustments of the solution containing the molecule (e.g., ad-
justment of pH)

� Precision measurement of added excipient components, in-pro-
cess solutions, recycled materials (e.g., weighing, volumetric
measuring)

� Mixing of multiple components
� Changes that occur in surface area, particle size, or lot or batch

uniformity (e.g., milling, agglomeration, blending).

Documentation and Record Keeping

Documentation required for the early steps in the process should
provide a chain of documentation, but need not be as comprehensive
as in latter parts of the process. The minimum documentation that
should be applied in order to promote uniformity in excipient GMP
inspections is:
� the assignment of a unique lot or batch number to the released or

certified excipient
� the preparation of a lot or batch record
� demonstration that the lot or batch has been prepared using GMP

guidelines from the processing point at which excipient manu-
facturing practices have been determined to apply

� demonstration that the lot or batch is homogeneous within the
manufacturer’s specifications (This does not necessitate final
blending of continuous process material if process controls
can demonstrate compliance to specifications throughout the
lot or batch.)

� demonstration that the lot or batch is not commingled with ma-
terial from other lots or batches for the purpose of either hiding
or diluting an adulterated batch

� demonstration that the lot or batch has been sampled in accor-
dance with a sampling plan that ensures a representative sample
of the lot or batch

� demonstration that the lot or batch has been analyzed using sci-
entifically established tests and methods designed to ensure that
the product meets standards, specifications, and characteristics

� demonstration that an excipient has stability data to support the
intended period of use. (These data can be obtained from actual
studies on the specific excipient or from applicable model pro-
duct studies that can reasonably be expected to simulate the per-
formance of the specific excipient.)

Complete documentation should exist when:
� the excipient can be identified and quantified for those processes

where the molecule is produced during the course of the process
(In this regard, a theoretical yield should be established with ap-
propriate limits, and there should be an investigation if the actual
yield falls outside the limits.)

� a contaminant, impurity, or other substance likely to adversely
affect the purity or form of the molecule is identified and subse-
quent attempts are made to remove it

� any significant aberration occurs outside of the normal manufac-
turing process.
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Complete documentation should be continued throughout the re-
mainder of the process for all significant processing steps until the
excipient is packaged and transported to the end user.

Product Lot or Batch Consistency and Audit

Excipient manufacturing plants often produce laboratory or pilot
lots or batches. Scale-up to commercial production may involve sev-
eral stages, and data should be reviewed to demonstrate the adequacy
of the scale-up process. Scale-up may introduce significant problems
in consistency among lots or batches. Pilot lots or batches should
serve as the basis for establishing in-process and finished product pu-
rity specifications.
Typically, manufacturers will generate reports that discuss the de-

velopment and limitation of the manufacturing process. Summaries
of such reports should be reviewed to determine if the plant is capable
of adequately producing the excipient. The reports, where appropri-
ate, serve as the basis for the validation of the manufacturing and con-
trol process, as well as the basic documentation to demonstrate that
the process performs consistently.
A review of a process flow chart is helpful in understanding the

various processing stages. As part of the review of the processing re-
cords, the critical stages and sampling points should be identified.
The normal limits from in-process testing should be determined,
along with the action to be taken by the manufacturer should these
specifications not be met. For example, an in-process test result
may show the presence of some unreacted material which may indi-
cate that the process time should be extended.

&BACKGROUND

This general information chapter provides guidelines for

methods, facilities, and manufacturing controls to be used in

the production of pharmaceutical excipients in order to ensure

that excipients possess the quality, purity, safety, and suitabil-

ity for use that they purport to possess. The principles and in-

formation in this chapter can be applied to the manufacture of

all pharmaceutical excipients (referred to throughout this doc-

ument as excipient[s]) intended for use in human drugs, vet-

erinary drugs, and biologics. It covers the quality management

system and the extent of good manufacturing practices (GMP)

necessary throughout manufacturing for both batch and con-

tinuous processes. It is intended to assist manufacturers as well

as auditors in establishing whether the facilities and controls

used for the manufacture of excipients are adequate and

whether the excipients possess the quality and purity that they

purport to possess and are suitable for their intended use. The

manufacture of certain excipients for specialist applications

presents additional challenges that are outside the scope of this

chapter. Examples include excipients for parenteral, ocular, in-

halation, and open wound use and those that are sterile and/or

pyrogen free. It does not provide information for all national

legal requirements nor does it cover in detail the particular

characteristics of every excipient. The quality system standard

used as a framework for this chapter is ISO 9001, which is ap-

propriate to manufacturing. Because of the diversity of excip-

ients, some principles in this information chapter may not be

applicable to certain products and processes.

This chapter combines the concepts of existing GMP prin-

ciples from the following sources:

� World Health Organization (WHO) GMP Guidelines for

Excipients,

� International Pharmaceutical Excipients Council (IPEC)

Good Manufacturing Practices Guide for Bulk Pharma-

ceutical Excipients 2001,

� Institute of Quality Assurance (IQA) Pharmaceutical

Quality Group (PQG) PS 9100 : 2002, Pharmaceutical

Excipients,

� International quality management system requirements as

developed by the International Organization for Standard-

ization (ISO).

In view of the increasing globalization of the pharmaceuti-

cal industry and the harmonization of pharmaceutical registra-

tion requirements, deference to all schemes is becoming

necessary. Therefore, relevant portions of the manufacturing

concepts are employed throughout this chapter.

The General Guidance section provides an overview of the

appropriate manufacturing practice criteria applicable to ex-

cipient manufacture and the points of application of excipient

good manufacturing practices and quality systems. The sec-

tion also recommends measures to limit contamination of an

excipient. Finally, it discusses the relationship of excipients

to finished dosage forms. No attempt has been made to include

details specific to particular excipients.

The information in Appendix 1. General Auditing Consider-

ations sets forth key criteria to aid in the audit of an excipient

manufacturing facility.

For a list of terms used in this chapter, and their definitions,

see Appendix 2. Glossary.
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INTRODUCTION

Purpose and Scope

This chapter defines the extent and point of application of

appropriate GMP principles for excipient manufacture and is

applicable to the manufacture of excipients intended for use in

drug products. It covers the quality management system and

the extent of GMP necessary throughout manufacturing for

both batch and continuous processes. It is intended to aid both

auditors and manufacturers in establishing whether the facili-

ties and controls used for the manufacture of excipients are ad-

equate and whether the excipients possess the quality, purity,

and safety that they purport to possess and are suitable for their

intended use.

The manufacture of certain excipients for specialist applica-

tions presents additional challenges that are outside the scope

of this chapter. Examples include excipients

� for parenteral, ocular, inhalation, and open wound use;

and

� those that are purported to be sterile and/or pyrogen free.

In these cases, consultation and adaptation of detailed

guidelines and compliance programs is recommended as nec-

essary for the excipient in question. This chapter does not ad-

dress the specific GMP relating to good trade and distribution

practices (GTDP).

Principles Adopted

The Chapter and Its Use—Pharmaceutical excipients are

diverse and often have uses other than pharmaceutical appli-

cations. Each manufacturer should consider how the chapter

might apply to its products and processes (for example, batch

versus continuous processes). Because excipients are so di-

verse, some principles of this chapter may not be applicable

to certain products and manufacturing processes.

Application—The text provides information necessary for

the manufacture of excipients but does not provide all the de-

tails. It cannot specify national legal requirements or cover

particular characteristics of every excipient.

Quality System Standard—The quality management sys-

tem standard chosen as a framework for this chapter is ISO

9001, which is appropriate for manufacturing facilities. A

manufacturer may apply the ISO standard with or without cer-

tification; but this, as a business decision, is not discussed in

this chapter. However, ISO certification has the benefit of pro-

viding assurance to customers that the excipient manufactur-

er’s quality management system has been independently

verified.

The headings in this chapter have been aligned with the ISO

9001 clause numbers because many excipient manufacturers

already use that standard as a basis for their quality manage-

ment system. Additional headings are included as needed to

introduce additional guidance on GMP when not covered by

current ISO 9001 clauses.

Document Structure—The chapter combines the concepts

of existing GMP principles from the following:

� World Health Organization (WHO), GMP Guidelines for

Excipients,

� International Pharmaceutical Excipients Council (IPEC),

Good Manufacturing Practices Guide for Bulk Pharma-

ceutical Excipients 2001,

� Institute of Quality Assurance (IQA) Pharmaceutical

Quality Group (PQG) PS 9100 : 2002, Pharmaceutical

Excipients,

� International quality management system requirements as

developed by the International Organization for Standard-

ization (ISO).

In view of the increasing globalization of the pharmaceuti-

cal industry and the harmonization of pharmaceutical registra-

tion requirements, relevant portions of the manufacturing

concepts detailed in these schemes are employed throughout

this chapter.
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The General Guidance section provides an overview of the

GMP criteria applicable to excipient manufacture and the

point of application of excipient GMP.

The remaining sections provide guidance on GMP princi-

ples and implementation of a quality management system suit-

able for excipient manufacture. For example, these sections

suggests measures to limit excipient contamination. No at-

tempt has been made to include details specific to particular

excipients. Individual manufacturers should address these as

they apply to their own products and processes.

The Appendixes provide supporting guidance for excipient

GMP. Appendix 1. Auditing Considerations describes key cri-

teria to be considered in the audit of an excipient manufactur-

ing facility. Appendix 2. Glossary provides definitions of terms

used in this chapter.

GENERAL GUIDANCE

Pharmaceutical Excipients—Pharmaceutical excipients

are substances other than the active pharmaceutical ingredient

(API) that have been appropriately evaluated for safety and are

intentionally included in a drug delivery system. For example,

excipients can do the following:

� aid in the processing of the drug delivery system during

its manufacture,

� protect, support, or enhance stability, bioavailability, or

patient acceptability,

� assist in product identification, and

� enhance any other attribute of the overall safety, effective-

ness, or delivery of the drug during storage or use.

A more complete classification of excipients according to

their functions can be found in USP and NF Excipients, Listed

by Category in USP.

Excipient GMP Implementation—The application of

GMP is relevant once it has been determined that a chemical

is intended for use as a component of a drug product. Excip-

ient manufacture should be carried out in accordance with the

GMP concepts consistent with this chapter. The objective of

excipient GMP is to ensure that the manufacture of an excip-

ient results in a consistent material with the desired quality

characteristics. The emphasis of GMP for excipients is to en-

sure product integrity, avoid product contamination, and en-

sure that records are maintained.

As the excipient manufacturing process progresses, the de-

gree of assurance concerning the quality of the product should

increase. Manufacturing processes should be controlled and

documented. However, at some logical processing step, as de-

termined by the manufacturer, the GMP as described in this

chapter should be applied and maintained.

Judgment based on risk analysis and a thorough knowledge

of the process is required to determine from which processing

step GMP should be implemented. This is usually well before

the final finishing operation and, for example, may be identi-

fied using methods such as hazard analysis and critical control

point (HACCP), failure mode and effects analysis (FMEA), or

a detailed process flow diagram. Consideration should also be

given to other factors such as batch versus continuous proces-

sing, dedicated versus multipurpose equipment, and open ver-

sus closed processes.

QUALITY MANAGEMENT SYSTEM: EXCIPIENT

QUALITY SYSTEMS

General Recommendations

The principles outlined in this chapter provide a comprehen-

sive basis for the quality management system used in the man-

ufac ture of pharmaceut ica l exc ip ien ts . Exc ip ien t

manufacturers should identify the quality management proces-

ses required to ensure excipient quality. Where manufacturing,

testing, or other operations that could affect excipient quality

are outsourced, the responsibility for quality remains with the

excipient manufacturer, and control measures should be de-

fined (see also the subsection Purchasing Information in the

Product Realization section).

Pharmacopeial Forum
354 Vol. 34(2) [Mar.–Apr. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.



Documentation Recommendations

General—The excipient manufacturer should have a sys-

tem in place to control documents and data that relate to the

requirements of the quality management system.

Quality Manual—The excipient manufacturer should pre-

pare a quality manual describing the quality management sys-

tem, the quality policy, and the commitment of the excipient

manufacturer to applying the appropriate GMP and quality

management standards contained in this chapter. This manual

should include the scope of the quality management system,

reference to supporting procedures, and a description of the

interaction between quality management processes.

Control of Documents—The excipient manufacturer

should establish and maintain procedures for the identifica-

tion, collection, indexing, filing, storage, maintenance, and

disposition of controlled documents, including documents of

external origin that are part of the quality management system.

Procedures used in the manufacture of excipients should be

documented, implemented, and maintained. In addition, there

should be formal controls relating to procedure approval, revi-

sion, and distribution. These controls should provide assur-

ance that the current version of a procedure is being used

throughout the operational areas and that previous revisions

of documents have been removed.

Documents and subsequent changes to documents should be

reviewed and approved by designated qualified personnel be-

fore issuance to the appropriate areas, as identified in the doc-

uments. Documents that affect product quality should be

reviewed and approved by the quality unit (see also Responsi-

bility and Authority in the section Responsibility, Authority,

and Communication under Management Responsibility).

Controlled documents may include a unique identifier, the

date of issue, and a revision number to facilitate identification

of the most recent document. The department with the respon-

sibility for issuing the documents should be identified. When it

is practical, changes and the reasons for the change should be

documented.

Electronic documentation should meet the requirements for

the document control system stated above. If electronic signa-

tures are used on documents, they should be controlled to pro-

vide security equivalent to that provided by a handwritten

signature. Electronic documents and signatures may also have

to satisfy local regulatory requirements.

Control of Records—The excipient manufacturer should

establish and maintain procedures for the identification, col-

lection, indexing, filing, storage, maintenance, and disposition

of records.

Records should be maintained to demonstrate achievement

of the required quality and the effective operation of the qual-

ity management system. Records should be legible and iden-

tifiable with the product involved. Pertinent subcontractor

quality data should be an element of these records.

Entries in records should be clear, indelible, made directly

after performing the activity (in the order performed), and

signed and dated by the person making the entry. Corrections

to entries should be signed and dated, leaving the original en-

try legible.

Records should be kept for a defined period. This period

should be appropriate to the excipient and to its expiry date

or reevaluation interval. Records should be stored and main-

tained in such a manner that they are readily retrievable, in fa-

cilities that provide an environment suitable for minimizing

deterioration or damage.

Change Control—The excipient manufacturer should es-

tablish and maintain procedures to evaluate and approve

changes that may affect the quality of the excipient. For exam-

ple, this may include changes to the following:

� raw materials or packaging and their sources,

� material specifications,

� test methods,

� manufacturing and analytical equipment,

� production processes,
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� manufacturing or packaging sites.

A unit with a function that is independent from production

(such as regulatory affairs or quality assurance) should have

the responsibility and authority for the final approval of chang-

es.

Customers and, if necessary, regulatory authorities (for ex-

ample, for Drug Master Files [DMFs] or Certificates of Suita-

bility to the European Pharmacopoeia [CEPs]) should be

notified of significant changes from established production

and process control procedures that may affect excipient qual-

ity (see also Customer Communication in the section Custom-

er-Related Procedures under Product Realization).

MANAGEMENT RESPONSIBILITY

Management Commitment

Top management should demonstrate to the organization the

importance it places on customer satisfaction and compliance

with the appropriate regulations and standards. This should be

accomplished through the development of a quality policy and

establishment of quality objectives. Progress toward the doc-

umented quality objectives should be reviewed at planned in-

tervals.

Customer Focus

It is the responsibility of top management to ensure that cus-

tomer requirements are determined and met. The excipient

manufacturer should permit the customer or its representative

to conduct audits of the manufacturer’s quality management

system, manufacturing processes, buildings, and facilities.

Quality Policy

Top management should demonstrate its commitment to the

corporate quality policy and ensure that it is implemented

within the operational unit. The quality policy should support

continual improvement of the quality management system.

Management should participate in the development of the

company’s quality policy and provide the resources necessary

for its development, maintenance, and deployment.

Planning

Quality Objectives—Top management should set objec-

tives for adherence to GMP to ensure that the excipient man-

ufacturer maintains and improves its performance. Objectives

should be deployed throughout the organization and should be

measurable and consistent with the quality policy.

Quality Management System Planning—Top manage-

ment should provide adequate resources to ensure conformity

to the provisions of this chapter. There should be a process for

the identification of resources needed for adherence to GMP. A

gap analysis based on audits by internal personnel, customers,

regulatory agencies, or outside contractors, or based on the use

of this chapter, could be created to identify resource require-

ments. Top management should ensure that the integrity of the

quality management system is maintained when changes are

planned and implemented.

Responsibility, Authority, and Communication

Responsibility and Authority—Responsibility and author-

ity should be clearly defined by top management and commu-

nicated within the organization. It should be the responsibility

of a unit that is independent of production, such as the quality

unit, to do the following:

� ensure that quality-critical activities are undertaken as de-

fined,

� approve suppliers of quality-critical materials and ser-

vices,

� approve or reject raw materials, packaging components,

intermediates, and finished excipients,

� ensure that there is a review of production records to con-

firm that no errors have occurred or, if errors have oc-

curred, that they are fully investigated,
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� participate in reviewing and authorizing changes to pro-

cesses, specifications, procedures, and test methods that

potentially affect quality (see also Change Control in

the section Documentation Recommendations under

Quality Management System: Excipient Quality Systems)

and participate also in investigating failures and com-

plaints,

� retain responsibility for approval or rejection of the excip-

ient if it is produced, processed, packaged, or held under

contract by another company,

� develop and implement a self-inspection program of the

quality management system.

The excipient manufacturer may delegate some of the qual-

ity unit’s activities to other personnel if appropriate controls

(for example, periodic audits, training, and documentation)

are in place.

An organization chart by function should show interdepart-

mental relationships as well as relationships to top manage-

ment of the company. Personnel whose positions affect

excipient quality should have job descriptions.

Management Representative—The excipient manufactur-

er should appoint a management representative with sufficient

authority to ensure that the provisions of this chapter are pro-

perly implemented. The representative should periodically re-

port to top management on conformity to the quality

management system, including changing customer and regu-

latory requirements.

Internal Communication—The excipient manufacturer

should ensure that appropriate systems are established to com-

municate GMP and regulatory requirements, quality policies,

quality objectives, and procedures throughout the organiza-

tion. The communication should also provide information

about the effectiveness of the quality management system.

Top management should be notified promptly of quality-criti-

cal situations, such as product retrievals, in accordance with a

documented procedure.

Management Review

General—The top management of the company should

hold periodic reviews of the quality management system to

confirm the organization’s continued conformity to this chap-

ter. The review should be recorded and should include assess-

ing opportunities for improvement and the need for changes to

the quality management system.

Review Input—Management review inputs should include,

for example, the following:

� results of internal and external audits,

� customer feedback of the company performance,

� product conformity and process performance,

� action items from the previous management review,

� customer complaints,

� status of corrective or preventive actions,

� changes that could affect the quality management system.

Review Output—The management review should identify

the resources needed and the opportunities presented for im-

proving the quality management system and improving pro-

duct conformity to customer and regulatory requirements. A

record should be made of actions recommended and taken.

RESOURCE MANAGEMENT

Provision of Resources—There should be sufficient quali-

fied personnel and resources (e.g., equipment, materials,

buildings, and facilities) to implement, maintain, and improve

the quality management system and to produce, package, test,

store, and release each excipient in a manner consistent with

this chapter.

Human Resources

General—Personnel performing work affecting the quality

of excipients should have the appropriate combination of ed-

ucation, training, and experience for their assigned tasks. Con-

sultants advising on the design, production, packaging,

testing, or storage of excipients should have sufficient educa-
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tion, training, and experience or any combination thereof to

advise on the subject for which they are retained. Records

should be maintained listing the name, address, and qualifica-

tions of consultants and the type of service they provide.

Competence, Awareness, and Training—The excipient

manufacturer should establish and maintain procedures for

identifying training needs and for providing the necessary

training to personnel performing activities affecting excipient

quality. Appropriate records of training should be maintained.

Training should address the particular operations that the em-

ployee performs and GMP as they relate to the employee’s

functions. Qualified individuals should conduct GMP training

frequently enough to ensure that employees remain familiar

with applicable GMP principles. Management should estab-

lish adequate and continued personal-hygiene training for per-

sonnel who handle materials so that they understand the

precautions necessary for preventing contamination of excip-

ients. The training program should ensure that personnel un-

derstand that deviations from procedures may affect the

customer’s product quality.

Personnel Hygiene—To protect excipients from contami-

nation, protective apparel such as head, face, hand, and arm

coverings should be worn as appropriate to the duties per-

formed. Jewelry and other loose items, including those in

pockets, should be removed or covered. Only authorized per-

sonnel should enter the areas of the buildings and facilities

designated as limited-access areas.

Personnel should practice good sanitation and health habits.

Any person shown by either medical examination or supervi-

sory observation to have an apparent illness or open lesions

that may adversely affect the safety or quality of the excipient

should be excluded from direct contact with raw materials,

packaging components, intermediates, and finished excipients

until the condition is corrected or until competent personnel

determine that it will not jeopardize the safety or quality of

the excipient. Personnel should be instructed to report to su-

pervisory personnel any health conditions that may have an

adverse effect on excipients. The storage and use of food,

drink, personal medication, tobacco products, or similar items

should be restricted to designated locations separate from

manufacturing areas.

Infrastructure—The infrastructure should be managed,

operated, cleaned, and maintained in accordance with GMP

principles to ensure excipient quality and to avoid contamina-

tion (including, where critical to excipient quality, control of

particulate matter, microbiological control, and control of wa-

ter quality).

Buildings and Facilities—The prevention of contamina-

tion should be considered in the design of the manufacturing

processes and facilities, particularly when the excipient is ex-

posed. Buildings and facilities used in the production, proces-

sing, packaging, testing, or storage of an excipient should be

maintained in a good state of repair and should be of suitable

size, construction, and location to facilitate cleaning, mainte-

nance, and correct operation appropriate to the type of proces-

sing.

Manufacturing processes associated with the production of

highly sensitizing or toxic products (for example, herbicides

and pesticides) should be located in dedicated facilities or

should use equipment separate from that used for excipient

manufacture. If this is not possible, appropriate measures

(for example, cleaning, inactivation) should be implemented

to avoid cross-contamination. The effectiveness of these mea-

sures should be demonstrated. There should be adequate facil-

ities for the testing of raw materials, packaging components,

intermediates, and finished excipients.

Equipment—Equipment used in the production, proces-

sing, packaging, testing, or storage of an excipient should be

maintained in a good state of repair and should be of suitable

size, construction, and location to facilitate cleaning, mainte-

nance, and correct operation, depending on the type of proces-

sing (for example, batch versus continuous). Equipment

should be commissioned before use to ensure that it is func-

tioning as intended. Where equipment is located outdoors,
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there should be suitable controls to minimize the risk to excip-

ient quality from the environment (for example, processing

within a closed system).

Equipment Construction—Process equipment should be

constructed so that contact surfaces will not be reactive, addi-

tive, or absorptive and thus will not alter the quality of the ex-

cipient. Substances required for operation, such as lubricants

or coolants, should preferably not come into contact with raw

materials, packaging materials, intermediates, or finished ex-

cipients. Where contact is possible, substances suitable for

use in food applications should be employed.

Equipment should be designed to minimize the possibility

of contamination caused by direct operator contact in activities

such as the unloading of centrifuge bags, the use of transfer

hoses (particularly those used to transfer powders), and the op-

eration of drying equipment and pumps. The sanitary design

of transfer and processing equipment should be evaluated. To

control the risk of contamination, equipment with moving

parts should be assessed with regard to the integrity of seals

and packing materials.

Equipment Maintenance—Documented procedures

should be established and followed for maintenance of critical

equipment used in the production, processing, packaging, test-

ing, or holding of the excipient. There should be records of the

use and maintenance of quality-critical equipment. These re-

cords can be in the form of a log, computer database, or other

appropriate documentation.

Computer Systems—Computer systems that may affect

excipient quality should have sufficient controls for operation

and maintenance and for prevention of unauthorized access or

changes to computer software, hardware, or data, including

the following:

� systems and procedures that show the equipment and soft-

ware are performing as intended,

� procedures for checking the equipment at appropriate in-

tervals,

� retention of suitable back-up or archival systems such as

copies of the program and files,

� assurance that changes are verified and documented and

only made by authorized personnel.

Utilities—Utilities (for example, nitrogen, compressed air,

and steam) used in the production, storage, or transfer of ma-

terials that could affect excipient quality should be assessed

and appropriate action taken to control the risk of contamina-

tion and cross-contamination.

Water—Water used in the manufacture of excipients should

be demonstrated to be of a quality suitable for its intended use.

Unless otherwise justified, process water should, at a mini-

mum, meet regulatory requirements for drinking (potable) wa-

ter. If drinking (potable) water is insufficient to ensure quality,

or if tighter chemical and/or microbiological water quality spe-

cifications are required, appropriate controls and specifications

should be set: for example, physical and chemical attributes,

total microbial counts, and limits on objectionable organisms

and/or endotoxins.

Where water used in the process is treated by the manufac-

turer to achieve a defined quality, the treatment process should

be specified and monitored with appropriate action limits. Wa-

ter that comes into contact with the excipient should be sup-

plied under continuous positive pressure (or other means of

preventing back flow) in a system free of defects to control

the risk of contamination to the excipient.

Work Environment—Where the excipient is exposed dur-

ing manufacture it should be in an environment appropriate for

minimizing contamination. The manufacturer should apply

suitable controls to maintain that environment.

Air Handling—Where an air-handling system is installed

to provide protection to the excipient, the excipient manufac-

turer should demonstrate its effectiveness. Excipient produc-

tion unit air-handling systems should be designed to prevent

cross-contamination. For dedicated areas processing the same

excipient, it is permissible to recycle a portion of the exhaust

air back into the same area. The adequacy of such a system for
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multiuse areas, especially if several products are processed si-

multaneously, should be assessed for potential cross-contami-

nation.

Controlled Environment—A controlled environment may

be necessary in order to avoid contamination or degradation

caused by exposure to heat, air, or light. The degree of protec-

tion required may vary depending on the stage of the process.

Special environments required by some processes should be

monitored to ensure product quality (for example, inert atmo-

sphere or protection from light). Where an inert atmosphere is

required, the gas should be treated as a raw material. If inter-

ruptions in the special environment occur, adequate evidence

and an appropriate rationale should be documented to show

that such interruptions have not compromised the quality of

the excipient. Such environmental concerns become increas-

ingly important following purification of the excipient.

Cleaning and Sanitary Conditions—Adequate cleanliness

is an important consideration in the design of excipient man-

ufacturing facilities. Buildings used in the production, proces-

sing, packaging, or holding of an excipient should be

maintained in an appropriately clean and sanitary condition

according to the type of processing conducted (for example,

open/closed systems). Where maintenance of clean and sani-

tary conditions is critical to excipient quality, documented pro-

cedures should assign responsibility for cleaning and

sanitation, describing in sufficient detail the cleaning sched-

ules, methods, equipment, and materials to be used in cleaning

the buildings and facilities. These procedures should be fol-

lowed, and cleaning should be documented. Waste should be

segregated and disposed of in a timely and appropriate man-

ner. If waste is not disposed of immediately, it should be suit-

ably identified.

Pest Control—Buildings should be free from infestation by

rodents, birds, insects, and other vermin. Some raw materials,

particularly botanicals, may contain some unavoidable con-

tamination, such as rodent or other animal filth or infestation.

The manufacturer should have sufficient control methods to

prevent the increase of such contamination or infestation in

holding areas and its spread to other areas of the plant.

Lighting—Adequate lighting should be provided to facili-

tate cleaning, maintenance, and proper operations.

Drainage—In areas where the excipient is open to the en-

vironment, drains should be of adequate size and, where con-

nected directly to a sewer, should be provided with an air

break or other mechanical device to prevent back-siphoning.

Washing and Toilet Facilities—Adequate personal wash-

ing facilities should be provided, including hot and cold water,

soap or detergent, air dryers or single-service towels, and clean

toilet facilities easily accessible to working areas. Adequate

facilities for showering and/or changing clothes should be pro-

vided, where appropriate.

PRODUCT REALIZATION

Planning of Product Realization—The excipient manu-

facturer should plan and develop the processes and controls

needed for product manufacture. These plans and controls

should be appropriate to the production process, excipient

specification, equipment, and facilities used in the manufac-

ture of the product. Key aspects of the planning of a suitable

process and its controls should include the following, as ap-

propriate:

� documented testing programs, for quality-critical mate-

rials including excipients, that include appropriate speci-

fications, sampling plans, and test and release procedures,

� generation and maintenance of records (see also Control

of Records in the section Documentation Recommenda-

tions under Quality Management System: Excipient Qual-

ity Systems) that provide evidence that these plans have

been realized as intended and that enable traceability to

be demonstrated (see also Traceability in the section Iden-

tification and Traceability under Product Realization),

� provision of resources to implement these plans,
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� environmental and hygiene control programs to minimize

contamination.

Customer-Related Processes

Determination of Requirements Related to the Pro-

duct—The excipient manufacturer should determine the ex-

cipient quality, labeling, and delivery requirements of the

customer. Additional requirements, whether customer-

specific, legal, or regulatory (for example, pharmacopeia

material and general monographs), should be agreed on by

both parties. Requirements not stated by the customer but

necessary for specified or intended use, where known, should

be considered.

Review of Requirements Related to the Product—The

excipient manufacturer and customer should mutually agree

upon the requirements identified in the section Determination

of Requirements Related to the Product before supply com-

mences. The manufacturer should have the facility and process

capability to consistently meet the mutually agreed-upon spe-

cifications. Where the requirements determined in the section

Determination of Requirements Related to the Product are

changed, this review should be repeated before supply recom-

mences.

Customer Communication—There should be provision

for providing accurate and pertinent communication to the

customer. Master copies of documents such as specifications

and technical reports should be controlled documents. Provi-

sion should be made for replying to customer inquiries, con-

tracts, and order-handling requirements. Customer feedback

and complaints should be documented. Customers should be

notified of significant changes (see also Change Control in the

section Documentation Recommendations under Quality

Management System: Excipient Quality Systems).

Design and Development—ISO 9001 includes require-

ments for ensuring control over design and development activ-

ities. It is recommended that companies involved in such

activities follow the requirements of ISO 9001. Full GMP

are not always applicable during the design and development

of new excipients and/or manufacturing processes. However,

development batches of excipients that are intended for use in

drug products should be manufactured in accordance with the

applicable provisions of this chapter.

Purchasing

Purchasing Process—Excipient manufacturers should

have a system for selecting and approving suppliers of quali-

ty-critical materials and services (for example, subcontract

manufacturers and laboratories). Supplier approval by the

quality unit should require an evaluation of the supplier’s qual-

ity management system, including adequate evidence that they

can consistently meet agreed requirements. This may require

periodic audits of the supplier’s manufacturing facility. Re-

cords of these activities should be maintained. Materials

should be purchased against an agreed specification from ap-

proved suppliers.

Purchasing Information—Purchasing agreements should

describe the material or service ordered, including, where crit-

ical to excipient quality, the following:

� the name, type, class, style, grade, item code number or

other precise identification traceable to the raw material

and packaging specifications,

� drawings, process requirements, inspection instructions

and other relevant technical data, including requirements

for approval or qualification of product, procedures, pro-

cess equipment, and personnel,

� adherence to the appropriate sections of this chapter for

relevant contract manufacturers or laboratories, and

� a statement to notify the excipient manufacturer of signif-

icant changes in quality-critical raw materials.

Verification of Purchased Product—There should be pro-

cedures for the approval and release of quality-critical materi-

al. Upon receipt, quality-critical materials should be placed in

quarantine and should not be used prior to acceptance. Effec-

tive quarantine can be established with suitable identifying la-
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bels, signs, and/or other manual documentation systems.

When quarantine and stock control are managed with comput-

er systems in lieu of a physical stock control, system controls

should prevent the use of unreleased material. Quarantine may

not be feasible for materials supplied via pipelines. In these

cases the excipient manufacturer should establish an agree-

ment with the supplier so that the manufacturer is notified of

material that does not meet specification. Sampling activities

should be conducted under defined conditions, in accordance

with a defined sampling method and using procedures de-

signed to prevent contamination and cross-contamination.

Quality-critical materials used in the manufacture of an ex-

cipient should be tested or otherwise verified prior to use. Ver-

ification should include availability and a check of the supplier

certificate of analysis and, wherever feasible, at least an iden-

tification test. Testing schedules should be organized to separ-

ate routine tests from those that are performed infrequently or

only for new suppliers. Bulk deliveries should have additional

controls to ensure material purity and freedom from contami-

nation (for example, dedicated tankers, tamper-evident seals, a

certificate of cleaning, analytical testing, or audit of the suppli-

er). These procedures, activities, and results should be docu-

mented.

Production and Service Provision

Control of Production and Service Provision—Produc-

tion activities should be carried out under controlled condi-

tions (see also Planning of Product Realization under

Product Realization). Specific examples of important controls,

some of which may not be applicable to all excipient manufac-

turers, are illustrated in the following sections.

Production Instructions and Records—Production in-

structions and records are required but may differ for the type

of operation: for example, batch versus continuous processes.

There should be a controlled document that describes how the

excipient is produced (for example, master production instruc-

tions, master production and control records, or process defi-

nitions). For batch processes, an accurate reproduction of the

appropriate master production instructions should be issued to

the production area. For continuous processes, a current pro-

cessing log should be available. Records should be available

for each batch of excipient produced and should include com-

plete information relating to the production and control of each

batch. For continuous processes, the batch and its records

should be defined (for example, based on time or defined

quantity). Records may be in different locations but should

be readily retrievable. Records for both batch and continuous

processing, where critical to excipient quality, should include

the following:

� date and time each step was completed or date and time

log of key parameters,

� identification of persons performing and directly super-

vising or checking each significant step, operation or con-

trol parameter,

� identification of major equipment and lines used,

� material inputs to enable traceability: for example, batch

number and quantities of raw material/intermediate and

time it was added,

� in-process and laboratory control results,

� the quantity produced for the defined batch and a state-

ment of the percentage of theoretical yield, unless not

quantifiable (for example, as in some continuous proces-

ses),

� inspection of the packaging and labeling area before and

after use,

� labeling control records,

� description of excipient product containers and closures,

� description of sampling performed,

� failures, deviations and their investigations,

� results of final product inspection.
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Equipment Cleaning—The manufacturer should design

and justify cleaning and sanitization procedures and provide

evidence of their effectiveness. In multipurpose plants the

use of the model product approach (groups of product of sim-

ilar type) may be used in justifying a suitable procedure.

Cleaning and sanitization procedures should be documented.

They should contain sufficient detail to allow operators to

clean each type of equipment in a reproducible and effective

manner. There should be a record confirming that these proce-

dures have been followed. Equipment and utensils should be

cleaned and sanitized where critical to excipient quality and at

appropriate intervals to prevent contamination and cross-con-

tamination of the excipient. The cleaning status of equipment

should be recorded appropriately.

Where multipurpose equipment is in use, it is important to

be able to determine previous usage when investigating cross-

contamination or the possibility of such contamination (see

also Records of Equipment Use under Product Realization).

During a production campaign, incidental carryover frequent-

ly occurs, and it is usually acceptable, because cleanup be-

tween successive batches of the same excipient is not

normally required in order to maintain quality levels. Products

that leave residues that cannot be effectively removed should

be produced in dedicated equipment. For continuous proces-

sing, the frequency of equipment cleaning should be deter-

mined by the manufacturer and justified.

Recovery of Solvents, Mother Liquors, and Second Crop

Crystallizations—Where solvents are recovered and reused

in the same process or different processes, they should meet

appropriate standards prior to reuse or mixing with other ap-

proved material. Mother liquors or filtrates containing recov-

erable amounts of excipient, reactants, or intermediates are

frequently reused. Such processes should be documented in

the production records or logs to enable traceability.

In-Process Blending or Mixing—In-process blending or

mixing to ensure batch uniformity or to facilitate processing

should be controlled and documented. If the intent of the op-

eration is to ensure batch uniformity, it should be performed so

as to ensure homogeneous mixing of materials to the extent

feasible and should be reproducible from batch to batch.

In-Process Control—In-process inspection and testing,

based on monitoring the process or actual sample analysis at

defined locations and times, should be performed. Sampling

methods should be documented to ensure that the sample is

representative and clearly labeled. In-process samples should

not be returned to production for incorporation into the final

batch.

The results of in-process tests should be recorded and

should conform to established process parameters or accept-

able tolerances. Work instructions should define the procedure

to follow and should indicate how to use the inspection and

test data to control the process. There should be defined ac-

tions to be taken when the results are outside specified limits.

Where approval to continue with the process is issued within

the production department, the specified tests should be per-

formed by trained personnel and the results recorded.

Packaging and Labeling—Procedures should be em-

ployed to protect the quality and purity of the excipient when

it is packaged and to ensure that the correct label is applied to

all containers. Packaging and labeling operations should be

designed to prevent mix-ups. Procedures should be imple-

mented to ensure that the correct labels are printed and issued

and that the labels contain the correct information. The proce-

dure should also specify that excess labels are immediately de-

stroyed or returned to controlled storage. Excess labels bearing

batch numbers should be destroyed. Packaging and labeling

facilities should be inspected immediately before use to ensure

that materials that are not required for the next packaging op-

eration have been removed. When excipients are labeled on

the packaging line, packaged in preprinted bags, or bulk-

shipped in tank cars, there should be documentation of the sys-

tem used to satisfy the intent of the above procedures.
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Records of Equipment Use—Records of quality-critical

equipment use should be retained. These records should allow

the sequence of cleaning, maintenance, and production activ-

ities to be determined.

Validation of Processes for Production and Service Pro-

vision—An important factor in the assurance of product qual-

ity includes the adequate design and control of the

manufacturing process because product testing alone is not

sufficient to reveal variations that may have occurred. Each

step of the manufacturing process should be controlled to

the extent necessary for ensuring that the excipient meets es-

tablished specifications. The concept of process validation is a

key element in ensuring that these quality assurance goals are

met. The process reactions, operating parameters, purification

steps, impurities, and key tests needed for process control

should be documented, thus providing the basis for validation.

The full validation program that is typically performed in

the pharmaceutical industry may not always be carried out

by the excipient manufacturer. However, the excipient manu-

facturer should demonstrate the consistent operation of each

manufacturing process: for example, through process capabil-

ity studies, development, and scale-up reports.

Identification and Traceability

Traceability—Quality-critical items (for example, raw ma-

terials, packaging materials, intermediates, and finished excip-

ients) should be clearly identified and traceable through

records. These records should allow traceability of the excip-

ient both upstream and downstream. Identification of raw ma-

terials used in batch production processes should be traceable

through the batch numbering system or other appropriate sys-

tem. Identification of raw materials used in excipients pro-

duced by continuous processing should indicate the time

frame during which a particular batch of raw material was pro-

cessed through the plant.

Raw materials, including solvents, are sometimes stored in

bulk tanks or other large containers, making precise separation

of batches difficult. Nevertheless, the use of such materials and

containers should be documented in production records.

Inspection and Test Status—There should be a system for

identifying the inspection status of quality-critical items, in-

cluding raw materials, packaging materials, intermediates,

and finished excipients. Although storing materials in identi-

fied locations is preferred, any means that clearly identifies the

test status is satisfactory. Continuously fed materials may need

special consideration in order to satisfy these requirements.

Labeling—Labeling for excipient packages is subject to na-

tional and international regulatory requirements, which may

include transportation and safety measures. At a minimum, la-

bels should include the following:

� the name of the excipient and grade, if applicable,

� the excipient manufacturer’s and/or distributor’s name,

� the batch number from which the complete batch history

can be determined,

� special storage conditions, if applicable.

Customer Property—The excipient manufacturer should

establish and maintain procedures for verification, storage,

and maintenance of customer-supplied materials intended for

incorporation into the customer’s excipient. Verification by the

manufacturer does not relieve the customer of the responsibil-

ity of providing an acceptable material. Material that is lost or

that is damaged or otherwise unsuitable for use should be re-

corded and reported to the customer. In this case, procedures

should be in place for acceptable disposition and replacement

of the material. The manufacturer should also make provisions

for protecting other real and intellectual property that is pro-

vided by the customer (for example, test equipment, test meth-

ods, and specifications).
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Preservation of Product

Handling, Storage, and Preservation—Excipients, inter-

mediates, and raw materials should be handled and stored un-

der appropriate conditions of temperature, humidity, and light

so that their identity, quality, and purity are not affected. Out-

door storage of raw materials (for example, acids, other corro-

sive substances, explosive materials) or excipients is

acceptable, provided that the containers give suitable protec-

tion against deterioration or contamination of their contents,

identifying labels remain legible, and containers are ade-

quately cleaned prior to opening and use. Records of storage

conditions should be maintained if they are critical for the con-

tinuing conformity of the material to specifications.

Packaging Systems—An excipient packaging system

should include the following features:

� documented specifications and examination or testing

methods,

� cleaning procedures, where containers are re-used,

� tamper-evident seals,

� containers that provide adequate protection against dete-

rioration or contamination of the excipient during trans-

portation and recommended storage,

� containers that do not interact with or contaminate the ex-

cipient,

� storage and handling procedures that protect containers

and closures and minimize the risk of contamination,

damage, or deterioration and that will avoid mix-ups

(for example, between containers that have different spe-

cifications but are similar in appearance).

If returnable excipient containers are re-used, previous la-

beling should be removed or defaced. If the containers are

re-used solely for the same excipient, previous batch numbers

or the entire label should be removed or completely obliterat-

ed.

Delivery and Distribution—Identification and traceability

of quality-critical aspects are required of excipient manufac-

turers. Distribution records of excipient shipments should be

kept. These records should identify, by excipient batch, where

and to whom the excipient was shipped, the amount shipped,

and the date of shipment so as to facilitate retrieval if neces-

sary. Where excipients are handled by a series of different dis-

tributors, it should be possible to trace them back to the

original manufacturer, and not only to the previous supplier.

The manufacturer should maintain the integrity and the quality

of the product after final inspection and test. Where contractu-

ally specified, this protection should be extended to include

delivery to the final destination. Excipients should be supplied

only within their expiry and/or retest period.

Control of Measuring andMonitoring Devices—Measur-

ing and test equipment, including computerized systems, iden-

tified as being quality-critical should be calibrated and

maintained. This includes in-process instruments as well as

test equipment used in the laboratory. The control program

should include the standardization or calibration of instru-

ments and equipment at suitable intervals in accordance with

an established documented program. This program should

contain specific directions, schedules, limits for accuracy

and precision, and provisions for remedial action in the event

that accuracy and/or precision limits are not met. Calibration

standards should be traceable to recognized national or com-

pendial standards as appropriate.

Instruments and equipment not meeting established specifi-

cations should not be used, and an investigation should be

conducted to determine the validity of the previous results

since the last successful calibration. The current calibration

status of quality-critical equipment should be known and ver-

ifiable to users.

MEASUREMENT, ANALYSIS, AND IMPROVEMENT

The organization should plan and implement the monitor-

ing, measurement, and improvement activities that are re-

quired in order to demonstrate conformity of the excipient to

customer requirements and to ensure conformity of the quality
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management system to this chapter. The organization should

evaluate opportunities for improvements through the measure-

ment and analysis of product and process trends.

Monitoring and Measurement

Customer Satisfaction—The excipient manufacturer

should establish measurement activities to assess customer

satisfaction. Such measurements can include customer com-

plaints, return of excipients, and customer feedback. This in-

formation should drive activities that strive to continuously

improve customer satisfaction.

Internal Audit—The excipient manufacturer should carry

out a comprehensive system of planned and documented inter-

nal quality audits. These should determine whether quality ac-

tivities comply with planned arrangements and should also

determine the effectiveness of the quality management system.

Audits should be scheduled on the basis of the status and im-

portance of the activity. Audits and follow-up actions should

be carried out in accordance with documented procedures. Au-

dit results should be documented and discussed with manage-

ment personnel having responsibility in the area audited.

Management personnel responsible for the area audited should

take corrective action on the nonconformities found. Appendix

1. Auditing Considerations will be of assistance in establish-

ing an internal audit program.

Monitoring and Measurement of Processes—The excip-

ient manufacturer should identify the tests and measurements

necessary for adequately controlling manufacturing and qual-

ity management system processes. When critical to excipient

quality, techniques used to verify that the processes are under

control should be established. When deviations from planned

results occur, corrective action should be taken to ensure that

the excipient meets requirements. Periodic reviews of key in-

dicators such as process quality attributes and process failures

should be conducted to assess the need for improvements.

Monitoring andMeasurement of Product—The excipient

manufacturer should establish the test methods and procedures

to ensure that the product consistently meets specifications.

Analytical methods should be suited to their purposes. The an-

alytical methods may be those included in the current edition

of the appropriate pharmacopeia or another accepted standard.

However, the methods may also be noncompendial. If the ex-

cipient manufacturer claims that its product is in compliance

with a pharmacopeia or an official compendium, then

� noncompendial analytical tests should be demonstrated to

be equivalent to those in the compendia;

� the product should comply with applicable USP general

chapters and notices.

Laboratory Controls—Laboratory controls should include

complete data derived from tests necessary for ensuring con-

formity with specifications and standards, including the fol-

lowing:

� a description of the sample received for testing, together

with the material name, a batch number or other distinc-

tive code, and the date the sample was taken,

� a statement referencing each test method used,

� a record of raw data secured during each test, including

graphs, chromatograms, charts, and spectra from labora-

tory instrumentation, identified to show the specific mate-

rial and batch tested,

� a record of calculations performed in connection with the

test,

� test results and how they compare with established speci-

fications,

� a record of the person who performed each test and the

date(s) the tests were performed.

There should be a documented procedure for the preparation

of laboratory reagents and solutions. Purchased reagents and

solutions should be labeled with the proper name, concentra-

tion, and expiry date. Records should be maintained for the

preparation of solutions and should include the name of the

solution, the date of preparation, and the quantities of material
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used. Volumetric solutions should be standardized according

to an internal method or by using a recognized standard. Re-

cords of the standardization should be maintained.

Where used, primary reference reagents and standards

should be appropriately stored and need not be tested upon re-

ceipt, provided that a certificate of analysis from the supplier is

available. Secondary reference standards should be appropri-

ately prepared, identified, tested, approved, and stored. There

should be a documented procedure for the qualification of sec-

ondary reference standards against primary reference stan-

dards. The re-evaluation period should be defined for

secondary reference standards, and each batch should be peri-

odically requalified in accordance with a documented protocol

or procedure.

Finished Excipient Testing and Release—Finished excip-

ient testing should be performed on each batch to ensure that

the excipient conforms to documented specifications. There

should be a procedure to ensure that appropriate manufactur-

ing documentation, in addition to the test results, is evaluated

prior to release of the finished excipient. The quality unit

should be responsible for the release of the finished excipient.

For excipients produced by continuous processes, assurance

that the excipient conforms to documented specifications

may be achieved through the results of in-process testing or

other process control records.

Out-of-Specification Test Results—Out-of-specification

(OOS) test results should be investigated and documented ac-

cording to a documented procedure. Retest sample results may

be used to replace the original test result only if it is demon-

strated on the basis of a documented investigation that the

original result is erroneous. When statistical analysis is used,

both the original and retest data must be included. The OOS

procedure should define which statistical techniques are to be

used and under what circumstances. These same principles ap-

ply when the sample is suspected of not being representative

of the material from which it was taken.

Retained Samples—When practical, a representative sam-

ple of each batch of the excipient should be retained. The re-

tention period should be appropriate to the expiry or re-

evaluation date. The retained samples should be stored and

maintained in such a manner that they are readily retrievable

in facilities that provide a suitable environment. The sample

size should be at least twice the amount required to perform

complete specification testing.

Certificates of Analysis—The organization should provide

certificates of analysis to the required specification for each

batch of excipient.

Impurities—When possible, excipient manufacturers

should identify and set appropriate limits for impurities. The

limits should be based on appropriate safety data, limits as de-

scribed in official compendia or other requirements, and sound

GMP considerations. Manufacturing processes should be ade-

quately controlled so that the impurities do not exceed such

established limits. Many excipients are extracted from or pu-

rified using organic solvents. These solvents are normally re-

moved by drying. It is important that excipient specifications

include tests and limits for solvent residues.

Stability—Although many excipient products are stable

and may not require extensive testing to ensure stability, the

stability of excipients is an important factor in the overall qual-

ity of the drug product. For excipients that have been on the

market for a long time, historical data may be used to indicate

stability. Where historical data do not exist, a documented test-

ing and/or evaluation program designed to assess the stability

characteristics of the excipient should be undertaken. The re-

sults of such stability testing and/or evaluation should be used

in determining appropriate storage conditions and retest or ex-

piry dates. The testing program should include the following:

� the number of batches, sample sizes and test intervals,

� storage conditions for samples retained for testing,

� suitable stability-indicating test methods,

� storage of the excipient in containers that simulate the

market container, where possible.
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The stability of excipients may be affected by undetected

changes in raw materials or subtle changes in manufacturing

procedures or storage conditions. Excipients may also be

shipped in a variety of packaging types that can affect their

stability (for example, plastic or glass bottles, metal or plastic

drums, bags, tank cars, or other bulk containers).

Some excipients may be available in different grades (for

example, various molecular weights of a polymer or different

monomer ratios, different particle sizes, bulk densities) or may

be mixtures of other excipients. These excipients may be very

similar to others within a product group. Minor quantitative

differences of some of the components may be the only signif-

icant variation from one product to another. For these types of

excipients, a model product approach may be appropriate for

assessment of the stability of similar excipients. Stability stu-

dies of this type should involve selection of several model

products that would be expected to simulate the stability of

the product group being assessed. This selection should be sci-

entifically sound and documented. Data from stability studies

of these model products can be used to determine theoretical

stability for similar products.

Expiry/Retest Periods—An expiry or retest period should

be assigned to each excipient and communicated to the cus-

tomer. Common practice is to use a retest period rather than

an expiry period.

Control of Nonconforming Product—Raw material, inter-

mediate, or finished excipient found not to meet its specifica-

tions should be clearly identified and controlled to prevent

inadvertent use or release for sale. A record of nonconforming

product should be maintained. Incidences of nonconformity

should be investigated to identify the cause. The investigation

should be documented and action taken to prevent recurrence.

There should be a documented procedure defining how the re-

trieval of an excipient from distribution should be conducted

and recorded. Procedures should exist for the evaluation and

subsequent disposition of nonconforming products. Noncon-

forming product should be reviewed in accordance with doc-

umented procedures to determine if it can be

� reprocessed or reworked to meet the specified require-

ments,

� accepted by the customer with customer agreement,

� regraded for other applications,

� destroyed.

Reprocessing—Repetition of an activity that is a normal

part of the manufacturing process (reprocessing) should occur

only when it has already been documented that the excipient

may be made in that manner. In all other cases, the guidance

for reworking should be followed.

Reworking—An activity that is not a normal part of the

manufacturing process (reworking) should only be conducted

following a documented review of risk to excipient quality and

approval by the quality unit. As appropriate, when performing

the risk assessment, consideration should be given to the fol-

lowing:

� new impurities that may be introduced as a result of re-

working,

� additional testing to control the reworking,

� records and traceability to the original batches,

� suitable acceptance criteria for the reworked excipient,

� impact on stability or the validity of the re-evaluation in-

terval,

� performance of the excipient.

When the need to rework an excipient is identified, an inves-

tigation and evaluation of the cause are required. The equiva-

lence of the quality of reworked material to original material

should also be evaluated and documented to ensure that the

batch will conform to established specifications and character-

istics. Batches of excipients that do not conform to specifica-

tions individually must not be blended with other batches that

do conform in an attempt to hide adulterated or substandard

material.

Returned Excipients—Returned excipients should be

identified and quarantined until the quality unit has completed

an evaluation of their quality. There should be procedures for

holding, testing, reprocessing, and reworking of the returned

excipient. Records for returned products should be maintained
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and should include the name and the batch number of the ex-

cipient, the reason for the return, the quantity returned, and the

ultimate disposition of the returned excipient.

Analysis of Data—The excipient manufacturer should de-

velop methods for evaluating the effectiveness of its quality

management system and use those data to identify opportuni-

ties for improvement. Such data can be derived from customer

complaints, product reviews, process capability studies, inter-

nal audits, and customer audits. The analysis of such data may

be used as part of the management review (see also the Man-

agement Review section). A periodic review of key indicators

such as product quality attributes, customer complaints, and

product nonconformities may be conducted to assess the need

for improvements.

Improvement

Continual Improvement—The excipient manufacturer

should take proactive measures to continuously improve man-

ufacturing and quality management system processes. To

identify opportunities for continual improvement, analysis of

the following performance indicators may be considered:

� causes of nonconforming product,

� results of internal and external audits,

� customer returns and complaints,

� process and operational failures.

Corrective Action—The excipient manufacturer should es-

tablish, document, and maintain procedures for the following:

� determining the root causes of nonconformities,

� ensuring that corrective actions are implemented and ef-

fective,

� implementing and recording changes in procedures result-

ing from corrective action.

Preventive Action—The excipient manufacturer should es-

tablish, document, and maintain procedures for the following:

� initiating preventive actions to deal with problems at a le-

vel corresponding to the risks,

� implementing and recording changes in procedures result-

ing from preventive action.

APPENDIX 1. AUDITING CONSIDERATIONS

Introduction

Many excipients are used in food, cosmetic, and industrial

products as well as in pharmaceuticals. Thus, environmental

conditions, equipment, and operational techniques employed

in excipient manufacture are often those of the chemical indus-

try as opposed to the pharmaceutical industry. Chemical pro-

cesses can produce impurities from side reactions. Careful

process control is therefore essential to minimize levels of im-

purities and contamination.

Excipients are often manufactured on a large scale, using

continuous processing and automated process controls. Pro-

duction equipment and processes vary depending on the type

of excipient being produced, the scale of production, and the

type of operation (for example, batch versus continuous pro-

cess).

This appendix is intended as an aid in preparing for an audit

of an excipient manufacturer. Both external and internal audi-

tors (see also Internal Audit under Monitoring and Measure-

ment in theMeasurement, Analysis, and Improvement section)

will find this appendix useful in identifying the significant is-

sues with respect to GMP and quality that require examina-

tion. This section will assist excipient manufacturers in

identifying key deliverables when adopting the GMP stan-

dards listed in the other sections of this chapter; in planning

an audit, it will also help to verify the quality of the excipient

manufacturing process and the manufacturer’s quality man-

agement system.

GMP Principles

Control of Impurities and Contamination—In general,

the pharmaceutical customer does not perform further chemis-

try or purification steps on the excipient; it is used as pur-
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chased. Consequently, impurities present in the excipient are

likely to be present in the drug product. Although dosage form

manufacturers have some control over excipient quality

through specifications, excipient manufacturers have greater

control over the physical characteristics, quality, and presence

of impurities in the excipients they produce.

External contamination of the excipient can arise from the

manufacturing environment. However, chemical processes

used to manufacture excipients are often performed in closed

systems that afford protection against such contamination,

even when the reaction vessels are not located in buildings.

The external environment may require suitable controls to

avoid potential contamination wherever the excipient or in-

process material is exposed.

Excipient Properties and Functionality—Excipients are

frequently used in those types of drug products for which

physical characteristics, such as particle size, may be impor-

tant. Although the manufacturer of the finished dosage form

is primarily responsible for identifying the particular physical

characteristics needed, it is also the responsibility of the excip-

ient manufacturer to control excipient manufacturing proces-

ses to ensure consistent conformity to excipient specifications.

Wherever possible, consideration should be given to the end

use of the excipient. This is particularly important if the excip-

ient is a direct component of a sterile drug product or one that

is claimed to be pyrogen-free.

Consistency of Manufacture and Change Control—A

thorough understanding of the manufacturing process and ef-

fective control of change can best ensure consistency of excip-

ient quality from batch to batch. Implementation of changes

may also have consequences for registration filings with reg-

ulatory agencies.

Changes in excipient manufacturing processes may result in

changed physical or chemical properties of the excipient that

are evident only during subsequent processing or in the fin-

ished dosage form. This is particularly important in the context

of the pharmaceutical product approval process where bio-

equivalence comparisons are made between pivotal, clinical

trial batch (bio batch) production, and commercial scale-up

batches. Changes made to the excipient supplied for the com-

mercial product from the excipient supplied for the bio batch

should not affect the quality and performance of the commer-

cial drug product. Scale-up of excipients to commercial pro-

duction may involve several stages, and data may be

required to demonstrate consistency between batches through

the scale-up process.

Traceability—Traceability of batch-related records to facil-

itate investigations and retrieval of product is also a key re-

quirement of GMP.

Application of GMP Principles

It is the responsibility of the excipient manufacturer to des-

ignate and document the rationale for the point in the manu-

facturing process at which appropriate GMP are to be applied.

From this point on, appropriate GMP should be applied. The

manufacturer should apply a level of GMP to each manufac-

turing stage commensurate with the importance of that step in

ensuring product integrity. This may be demonstrated by

means of the use of a risk assessment procedure (for example,

HACCP, FMEA).

The stringency of GMP in excipient production should in-

crease as the process proceeds from early manufacturing to fi-

nal stages, purification, and packaging. Physical processing

(for example, granulation, coating, or physical manipulation

of particle size such as milling or micronizing) as well as

chemical processing of excipients should be conducted at least

to the standards suggested by this chapter.

It should be recognized that not all intermediates may re-

quire testing. An excipient manufacturer should, however,

be able to identify critical or key points in the manufacturing

process where selective intermediate sampling and testing is

necessary in order to monitor process performance.
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General Auditing Considerations

Audits of an excipient operation will be influenced by the

purpose of the audit and the intended use of the excipient.

The key stages of a production process should be examined

to determine whether the manufacturer controls these steps

so that the process performs consistently. Overall, an audit

should assess the excipient manufacturer’s capability to deliv-

er a product that consistently meets established specifications.

The audit team may consist of engineers, laboratory ana-

lysts, purchasing agents, computer experts, maintenance staff,

and other personnel as appropriate to the scope and purpose of

the audit. External auditors must respect the confidentiality of

the manufacturer’s processes and other disclosures.

An audit should focus on the quality-critical processing

steps that are necessary for producing an excipient that meets

established physical and chemical criteria. These steps should

be identified and controlled by the excipient manufacturer.

Quality-critical processing steps can involve a number of unit

operations or unit processes. Quality-critical steps can include,

but are not limited to, the following:

� phase changes involving the desired molecule, solvent,

inert carrier or vehicle (for example, dissolution, crystal-

lization, evaporation, drying, sublimation, distillation, or

absorption),

� phase separation (for example, filtration or centrifuga-

tion),

� chemical changes involving the desired molecule (for ex-

ample, removal or addition of water of hydration, acety-

lation or formation of a salt),

� adjustments of the solution containing the molecule (for

example, pH adjustment),

� precise measurement of added excipient components, in-

process solutions, and recycled materials (for example,

weighing or volumetric measurements),

� mixing of multiple components,

� changes that occur in surface area, particle size, or batch

uniformity (for example, milling, agglomeration, or

blending).

Audit Check Points

A good approach for an excipient plant audit is a review of

the following areas:

� nonconformities—such as the rejection of a batch that did

not meet specifications, customer complaints, return of a

product by a customer or retrieval of a product. The man-

ufacturer should have determined the cause of the non-

conformity, prepared a report of the investigation, and

initiated and documented subsequent corrective action.

Records and documents should be reviewed to ensure that

nonconformities are not the result of a poorly developed

or inconsistent process;

� customer complaint files—such as reports that some as-

pect of the product is not entirely suitable for use, because

such problems may be caused by impurities or inconsist-

encies in the excipient manufacturing process;

� change control logs—to ascertain whether the company

evaluates its significant changes to decide whether the

customer and/or regulatory authority should be notified;

� nonconforming products meeting or Material Review

Board documents and/or equivalent records that demon-

strate that the disposition of nonconforming product is

handled in an appropriate manner by responsible individ-

uals;

� master formula and production records for frequent revi-

sions that may reveal problems in the excipient produc-

tion process;

� evidence for the presence of unreacted intermediates and

solvent residues in the finished excipient;
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� materials management systems, to ensure adequate con-

trol over nonconforming materials so that they cannot

be sold to customers or used in manufacturing without au-

thorization;

� review of a process flow diagram, to aid understanding of

the various processing stages. The critical stages and sam-

pling points should be identified as part of the review of

the processing records;

� review of contamination control measures.

In evaluating the adequacy of measures taken to prevent

contamination and cross-contamination of materials in the

process, it is appropriate to consider the following risk factors:

� the type of system (for example, open or closed). En-

closed systems in chemical plants often are not closed

when they are being charged and/or when the final pro-

duct is being emptied. In addition, the same reaction ves-

sels are sometimes used for different reactions;

� the form of the material (for example, wet or dry);

� the stage of processing and use of the equipment and/or

area (for example, multipurpose or dedicated);

� continuous versus batch production.

Documentation and Record Review

Documentation required for the early steps in the process

need not be as comprehensive as in the latter stages of the pro-

cess. It is important that a chain of documentation exist and

that it be complete when the following is the case:

� the excipient can be identified and quantified for proces-

ses where the molecule is produced during the course of

the process. For batch production, a theoretical mass bal-

ance may also be established with appropriate limits, be-

cause deviations from tolerance are a good indicator of a

loss of control;

� an impurity or other substance likely to adversely affect

the impurity profile or form of the molecule is identified

and subsequent attempts are made to remove it.

As chemical processing proceeds, a chain of documentation

should be established that includes the following:

� a documented process,

� the identification of critical processing steps,

� appropriate production records,

� records of initial and subsequent batch numbers,

� records of raw materials used,

� comparison of test results against meaningful standards.

If significant deviations from the normal manufacturing pro-

cess are recorded, there should be evidence of suitable inves-

tigations and a review of the quality of the excipient. Complete

documentation should be continued throughout the remainder

of the process for quality-critical processing steps until the ex-

cipient is packaged and delivered to the end user. The batch

should be homogeneous within the manufacturer’s specifica-

tions. This does not necessitate the final blending of continu-

ous-process material if process controls can demonstrate

compliance to specifications throughout the batch.

In order to promote uniformity in excipient GMP inspec-

tions, the following basic requirements should be established:

� assignment of a unique batch number to the excipient, en-

abling it to be traced through manufacture to release and

certification,

� suitable controls for the preparation of a batch record for

batch processing and/or a production record, log sheet, or

other appropriate documentation for continuous proces-

sing,

� demonstration that the batch has been prepared using

GMP guidelines from the processing point at which ex-

cipient GMP have been determined to apply,

� confirmation that the batch is not combined with material

from other batches for the purpose of either hiding or di-

luting an adulterated batch,

� records showing that the batch has been sampled in accor-

dance with a sampling plan that ensures a representative

sample of the batch,
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� records showing that the batch has been analyzed using

scientifically established test methods designed to ensure

that the product meets established standards, specifica-

tions, and characteristics,

� stability data adequate to support the intended period of

use of the excipient; these data can be obtained from his-

torical data, actual studies on the specific excipient, or

from applicable model product studies that can reason-

ably be expected to simulate the performance of the spe-

cific excipient.

APPENDIX 2. GLOSSARY

The terms below are defined as used in this chapter. Wher-

ever possible, definitions used by the International Conference

on Harmonization have been used as the basis for the glossary.

Acceptance Criteria: numerical limits, ranges, or other

suitable measures of acceptance for test results.

Active Pharmaceutical Ingredient (API): any substance

or mixture of substances that is intended to be used in the man-

ufacture of a drug product and that, when used in the produc-

tion of a drug, becomes an active ingredient of the drug

product. Such substances are intended to furnish pharmaco-

logical activity or other direct effect in the diagnosis, cure, mit-

igation, treatment, or prevention of disease, or to affect the

structure or any function of the body of humans or animals.

Adulterated Material: a material that either has been con-

taminated with a foreign material or has not been manufac-

tured using GMP. This does not pertain to a material that

simply does not meet physical or chemical specifications.

Batch (Lot): a specific quantity of material produced in a

process or series of processes so that it can be expected to

be homogeneous. In the case of continuous processes, a batch

may correspond to a defined fraction of the production. The

batch size can be defined either by a fixed quantity or by the

amount produced in a fixed time interval.

Batch Number (Lot Number): a unique combination of

numbers, letters, and/or symbols that identifies a batch and

from which the production and distribution history can be de-

termined.

Batch Process: a process that produces the excipient from a

discrete supply of raw materials that are present before the

completion of the reaction.

Batch Record: documentation that provides a history of the

manufacture of a batch of excipient.

Blending (Mixing): intermingling different conforming

grades into a homogeneous lot.

Calibration: the demonstration that a particular instrument

or measuring device produces results within specified limits

by comparison with those produced by a reference or traceable

standard, over an appropriate range of measurements.

CEP (Certificate of Suitability to the European Pharma-

copoeia): certification granted to individual manufacturers by

the European Directorate for the Quality of Medicines

(EDQM) when a specific excipient or active ingredient is

judged to be in conformity with a European Pharmacopoeia

monograph.

Certificate of Analysis: a document listing the test meth-

ods, specification, and results of testing a representative sam-

ple from the batch to be delivered.

Commissioning: the introduction of equipment for use in a

controlled manner.

Contamination: the undesired introduction of impurities of

a chemical or microbiological nature or foreign matter into or

onto a raw material, intermediate, or excipient during produc-

tion, sampling, packaging or repackaging, storage, or trans-

port.

Continuous Process: a process that continually produces

material from a continuing supply of raw material.

Critical: a process step, process condition, test requirement,

or other relevant parameter or item that must be controlled

within predetermined criteria to ensure that the excipient

meets its specification.
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Cross-contamination: contamination of a material or pro-

duct with another material or product.

Customer: the organization receiving the excipient once it

has left the control of the excipient manufacturer; includes

brokers, agents, and users.

Deviation: departure from an approved instruction or estab-

lished standard.

Drug Master File (DMF): detailed information about the

manufacture of an excipient that is submitted to the U.S. Food

and Drug Administration (FDA).

Drug (Medicinal) Product: the dosage form in the final im-

mediate packaging intended for marketing.

Excipient: substances other than the API that have been ap-

propriately evaluated for safety and are intentionally included

in a drug delivery system.

Expiry (Expiration) Date: the date designating the time

during which the excipient is expected to remain within spe-

cifications and after which it should not be used.

Impurity: a component of an excipient that is not intended

to be present but arises as a consequence of the manufacturing

process.

In-Process Control/Testing: checks performed during pro-

duction to monitor and, if appropriate, to adjust the process

and/or to ensure that the intermediate or excipient conforms

to its specification.

Intermediate: material that must undergo further manufac-

turing steps before it becomes an excipient.

Lot: See Batch.

Manufacturer/Manufacturing Process: all operations of

receipt of materials, production, packaging, repackaging, la-

beling, relabeling, quality control, release, and storage of ex-

cipients and related controls.

Master Production Instruction (Master Production and

Control Record): documentation that describes the manufac-

ture of the excipient from raw material to completion.

Material: a general term used to denote raw materials (start-

ing materials, reagents, and solvents), process aids, intermedi-

ates, excipients, packaging, and labeling materials.

Model Product: a product that represents a group of similar

products with respect to composition, functionality, or specif-

ication.

Mother Liquor: the residual liquid that remains after crys-

tallization or isolation processes.

PackagingMaterial: a material intended to protect an inter-

mediate or excipient during storage and transport.

Production: operations involved in the preparation of an

excipient from receipt of materials through processing and

packaging of the excipient.

Quality Assurance: the sum total of the organized arrange-

ments made with the object of ensuring that all excipients are

of the quality required for their intended use and that quality

systems are maintained.

Quality Control: checking or testing that specifications are

met.

Quality-Critical: describes a material, process step or pro-

cess condition, test requirement, or any other relevant param-

eter that directly influences the quality attributes of the

excipient and that must be controlled within predetermined

criteria.

Quarantine: the status of materials isolated physically or

by other effective means pending a decision on their subse-

quent approval or rejection.

Raw Material: a general term used to denote starting ma-

terials, reagents, and solvents intended for use in the produc-

tion of intermediates or excipients.

Record: a document stating results achieved and/or provid-

ing evidence of activities performed. The medium may be pa-

per, magnetic, electronic or optical, photographic, or another

medium, or a combination thereof.

Re-evaluation Date (Retest Date): the date when the ma-

terial should be re-examined to ensure that it is still in confor-

mity with the specification.

Reprocessing: repetition of an activity that is a normal part

of the manufacturing process and that has been documented

previously.
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Retrieval: process for the removal of an excipient from the

distribution chain.

Reworking: subjecting previously processed material that

did not conform to standards or specifications to processing

steps that differ from the normal process.

Specification: list of tests, references to analytical proce-

dures, and appropriate acceptance criteria that are numerical

limits, ranges, or other criteria for the tests described for a ma-

terial.

Stability: continued conformity of the excipient to its spe-

cifications.

Top Management: person or group of people who direct

and control an organization at the highest level. The highest

level can be at either the site level or the corporate level and

will depend on the way in which the quality management sys-

tem is organized.

Traceability: ability to determine the history, application,

or location that is under consideration: for example, origin

of materials and parts, processing history, or distribution of

the product after delivery.

Validation: a documented program that provides a high de-

gree of assurance that a specific process, method, or system

will consistently produce a result meeting predetermined ac-

ceptance criteria.&1S (USP32)

BRIEFING

h1195i Significant Change Guide For Bulk Pharmaceutical Ex-
cipients.Major revision proposals to this general information chapter
are based on comments received; therefore the previous proposal pre-
sented in PF 31(4) [Jul.–Aug. 2005] is hereby canceled. The follow-
ing sections include a brief explanation of the most significant
changes:
— the Background section clarifies the point at which GMP’s be-

gin;
— the General Guidance section clarifies the differentiation of the

excpient manufacturer;
— the Significant Change section clarifies the importance of any

processing change; and under this section the Evaluation Crite-
ria clarifies the importance of objective criteria for proper eval-
uation of bulk pharmaceutical excipients; also under Supporting
Data a clarification of the general limit set by the ICH Q3A (R)
Guidance to NMT 0.10% is proposed and a statement is added
that excipient manufacturer’s may be concerned with impurites
below NMT 0.10%;

— and finally in the section, Type of Changes under Specifications,
the specification levels are clarified.

The chapter is based on the Significant Change Guide for Bulk
Pharmaceutical Excipients, prepared by the International Pharmaceu-
tical Excipients Council (IPEC), as IPEC-Americas.
This chapter, published with the permission of IPEC-Americas, is

informational and contains no standards, tests, assays, or other man-
datory specifications with respect to any Pharmacopeial article.

(EGC: R. Lafaver) RTS—C44570

Add the following:

&h1195i SIGNIFICANT CHANGE GUIDE
FOR BULK PHARMACEUTICAL

EXCIPIENTS

BACKGROUND

This general information chapter was derived from an inter-

national guidance on the evaluation of the significance of

changes involving the manufacture of bulk pharmaceutical ex-

cipients. It is intended to assist excipient manufacturers in de-

termining the need for informing the excipient user and

regulatory authorities about the nature of the change.

The chapter provides minimum recommendations when

considering the effect of a change in the manufacturing pro-

cess on the excipient. When deciding how to use this chapter,

each manufacturer must consider how it may apply to that

manufacturer’s product and processes. The diversity of excip-

ients means that some principles of this chapter may not be

applicable to certain products and processes.

This chapter is divided into several sections. The first sec-

tion provides the general guidance necessary for evaluating a

change and determining the necessity of informing the user

and/or regulatory authorities. One section provides criteria

for determining whether a change will involve a significant

risk. Also included is a decision tree that is useful in consid-

ering the potential effect of a change on excipient perfor-

mance.

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] 375

# 2008 The United States Pharmacopeial Convention All Rights Reserved.



INTRODUCTION

Purpose

This document is meant to establish uniform considerations

for evaluating the significance of changes involving the man-

ufacture of bulk pharmaceutical excipients (BPEs). The pur-

pose of the evaluation is to determine the need for informing

the excipient user and regulatory authorities about the nature

of the change.

Scope

The principles and information in this chapter can be ap-

plied to the manufacture of all bulk pharmaceutical excipients

(referred to throughout this document as ‘‘excipient(s)’’) in-

tended for use in human drugs, veterinary drugs, and biolog-

ics. The principles set forth here must be applied once it has

been determined that a chemical is intended for use as a com-

ponent of a drug product. As the excipient manufacturing pro-

cess progresses, the degree of assurance concerning the quality

of the product should increase and should be controlled and

documented. However, at some logical processing step, as de-

termined by the manufacturer, the GMP as described in Good

Manufacturing Practices for Bulk Pharmaceutical Excipients

h1078i should be applied and maintained. Judgment, based on

risk analysis and a thorough knowledge of the process, is re-

quired to determine from which processing step the GMPs

should be implemented.

Principles Adopted

This chapter should be of international application, bearing

in mind that pharmaceutical excipients are diverse and often

have uses other than pharmaceutical applications. It provides

minimum recommendations when considering the impact of a

change on the excipient. As an international guidance docu-

ment, it cannot specify all national legal requirements nor cov-

er in detail the particular characteristics of every excipient.

When considering how to use this chapter, each manufactur-

er should consider how it may apply to that manufacturer’s

product and processes. The diversity of excipients means that

some principles of the chapter may not be applicable to certain

products and processes. The terminology ‘‘should’’ and ‘‘it is

recommended’’ do not necessarily mean ‘‘must’’ as used in the

application of this chapter.

Excipients may contain minor components that are known

to be or might be necessary for the correct functioning of the

excipient. The presence of these ‘‘essential concomitant com-

ponents’’ in the excipient should not be construed as undesir-

able. These concomitant components are not considered part

of the impurity profile, but should be considered separately.

Water may be a concomitant component in some excipients,

but may be included in the impurity profile for others. (See

Impurity Profile in Appendix C for more information.)

Layout

This chapter is divided into several sections. The first sec-

tion provides a background discussion necessary for evaluat-

ing a change and determining the necessity of informing the

user and/or regulatory authorities. A section is included to pro-

vide criteria for determining the risk that a change will be sig-

nificant, including guidance on development of an impurity

profile. This is followed by theGlossary, which contains terms

and definitions used in all sections of this document. Appendix

A includes some examples of changes that would be classified

into each of the three risk levels. Appendix B provides a Deci-

sion Tree useful in considering the potential impact of a

change on excipient performance. Appendix C delineates the

development of an impurity profile.
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GENERAL GUIDANCE

Differentiation of Excipient Manufacture

Evaluating the impact of a change in the manufacture of an

excipient could be more difficult than that for an active phar-

maceutical ingredient (API). Although the API is seldom used

for more than a handful of therapeutic purposes, the BPE is

often used with a broad range of active ingredients and in a

diverse range of finished dosage forms. Whereas the API is

typically of high purity and well characterized by the quality

control and analytical laboratory, the BPE is often a natural

substance, mixture, or polymer, the chemical and physical pro-

perties of which are more difficult to quantify. For a more thor-

ough discussion of GMPs that apply to excipient manufacture,

see the general information chapter Good Manufacturing

Practices for Bulk Pharmaceutical Excipients h1078i.

Definition of Significant Change

Any change by the manufacturer of an excipient that alters

an excipient’s physical or chemical property outside the estab-

lished limits, or that is likely to alter the excipient performance

in the dosage form is considered significant. Such changes

may necessitate notifying the local regulatory authority if re-

quired. Regardless of whether there is a regulatory require-

ment, the manufacturer has an obligation to notify its users

of a significant change so that the user can evaluate the impact

of the change on the user’s products. It is suggested that unless

there is clear indication from evaluation of the change that it is

not significant as stipulated by this general chapter, the phar-

maceutical user should be notified.

The types of change that are considered here are changes to

the following: site, scale, equipment, process, packaging and

labeling, and specification (including raw materials).

The requirement for evaluating the impact of change on the

excipient begins, at a minimum, with the raw materials for the

first processing step from where GMP compliance begins.

GMP requirements increase as the manufacturing process pro-

gresses. Thus, at some logical processing step, usually well be-

fore the final finishing operation, appropriate GMPs should be

imposed and maintained throughout the remainder of the pro-

cess. Methods such as HACCP (Hazard Analysis and Critical

Control Point), FEMA (Failure Effects Mode Analysis), or a

detailed process flow diagram may be used to identify the unit

operations, required equipment, stages at which various sub-

stances are added, key steps in the process, critical parameters

(time, temperature, pressure, etc.), and necessary monitoring

points. Judgment, based on risk analysis and a thorough

knowledge of the process, is required to determine at which

processing step the GMP should be implemented.1

It is important to give careful consideration to any proces-

sing changes that occur after the excipient has been synthe-

sized or isolated but prior to packaging. However, it must be

recognized that a change made earlier in the process can result

in a change in the excipient functionality, and it is recom-

mended that such changes also be considered.

SIGNIFICANT CHANGE

Evaluation Criteria

These criteria, in the form of questions, are presented for

consideration when evaluating the impact of a change relating

to excipient manufacture:

1. Has there been a change in the chemical properties or

composition of the excipient as a result of the change?

2. Has there been a change in the physical properties of the

excipient as a result of the change?

3. Has there been a change in the ‘‘essential concomitant

components’’ profile for the excipient as a result of the

change?

4. Has there been a change in the functionality of the excip-

ient as a result of the change?

1 See Chapter h1078i GMPs For Excipients.
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5. Where applicable, has the moisture level changed?

6. Where applicable, has the bioburden changed?

7. Has there been a change in the origin of any raw materials

or contact packaging?

An affirmative answer to any of these questions indicates

that the impact of the change on the excipient may lead to

changes in its performance in the dosage form.

It is important to provide objective criteria for evaluating

when a change has occurred in an excipient property or com-

position, in the essential concomitant components profile, in

biological origin, or in its functionality. This enables the

BPE manufacturer to evaluate the significance of the change

on the excipient for the purpose of notifying the regulatory au-

thorities and/or the user.

Determination of Significance

Criterion 1: Evaluation of the chemical properties or com-

position of an excipient should include, at a minimum, all

monograph and manufacturer specification parameters. A

comparison of these test results for the excipient before and

after a change should be done to determine if there is a statis-

tically significant difference.

Criterion 2: Physical properties should be considered based

upon the physical form of the excipient and its functionality as

known or as used by the end users. A physical property that is

part of a mutually agreed specification between the manufac-

turer and end user should also be evaluated. For example, a

manufacturer of an excipient powder should consider measur-

ing the impact of changes on such physical parameters as bulk

density, surface area, particle shape, and particle size distribu-

tion. Liquid excipients might be evaluated for changes in their

pH and viscosity. For all polymeric excipients, the effect of a

change on a physical property, such as molecular weight dis-

tribution, should be considered.

Criterion 3:Objective criteria are also necessary when con-

sidering changes to the ‘‘essential concomitant components’’

profile for an excipient as a result of changes. The profile, as

noted in Appendix C, contains the following:

� identified organic impurities,

� unidentified organic impurities at or above 0.10%, wheth-

er specified or not,2

� residual solvents, and

� inorganic impurities

The feasibility of developing an impurity profile varies with

the composition and origin of the excipient. It is important to

note that identifying and quantifying impurities in some excip-

ients are extremely difficult. Thus, an excipient manufacturer

may not have developed an impurity profile. In that case, it is

important for the excipient manufacturer to either document

their efforts to identify and quantify the impurities that may

be present to justify their limited results or to justify other

means by which changes may be evaluated.

The significance of the change can be determined by com-

paring the impurity profile of the pre-change material with that

of the post-change product. Therefore, once the profile has

been developed, it should be re-assessed following changes

to the process. An impurity should be monitored as part of

the profile if it is present at or greater than 0.10%, if it has

an established physiological effect, or if it is known to be un-

safe at a lower level.

The content of the impurity profile varies with the nature of

the excipient, the raw materials used in its manufacture, and its

chemical composition. Where possible, changes are consid-

ered significant whenever a new impurity is introduced at

the 0.10% concentration or higher, or when an impurity previ-

ously present at or greater than 0.10% disappears. Changes to

the quantity of an existing impurity specified in a monograph

2 It is recognized that while desirable, it may not be possible to
achieve this for all excipients, particularly those of a more complex
chemical nature, e.g. natural polymers, for which there may be no
adequate means of determining related substances. However the im-
purity profile documentation should demonstrate why this was not
achievable.
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and reported on the Certificate of Analysis (COA) should be

treated as a chemical property for the purposes of this evalu-

ation.

Changes in the levels of residual solvents should be consid-

ered when determining the significance of change. See Resid-

ual Solvents h467i for details.

Criterion 4: Objective criteria for evaluating changes to ex-

cipient functionality are desirable. However, the nature of this

type of study can vary broadly based upon the excipient and its

application in the dosage form. It must also be recognized that

the excipient manufacturer does not always know each use of

the excipient. Therefore this chapter cannot provide objective

criteria for this study but stresses the importance of such a con-

sideration by the manufacturer. If there is the potential that the

functionality of the excipient may be impacted by the change,

users should be notified and material provided upon request so

they can determine the impact of the change in their finished

pharmaceutical products.

Criterion 5:Often the excipient contains moisture, the pres-

ence of which can have an impact on excipient performance in

the preparation of the pharmaceutical dosage form. Therefore

a change in the moisture level beyond the range typical of pro-

duction, even though within the compendial or specification

limit can impact its stability and/or end use.

Criterion 6: Change in the processing steps, raw materials,

or equipment, can adversely impact control of microorganisms

in the excipient. Therefore the effect of the change on the bio-

burden should be evaluated, particularly for excipients suscep-

tible to microbial growth.

Criterion 7: Change in the origin of a raw material or con-

tact packaging can result in a change to the other six change

criteria. Change in origin can involve the country of origin,

geological origin, or species of origin for the raw material.

A change in the country of origin of a raw material or con-

tact packaging material can affect the status of the excipient as

it relates to the potential presence of bovine spongiform en-

cephalopathies (BSEs), transmissible spongiform encephalop-

athies (TSEs) material, or genetically modified organisms

(GMOs). The country of origin of animal raw material, or of

components used in the manufacture of the raw material, can

result in noncompliance with relevant TSE regulations.3,4 Cur-

rent information on BSE and related diseases can be accessed

on the United States Department of Agriculture (USDA) web-

site (usda.gov).

A change in the geological origin of a mineral-based excip-

ient can alter the composition of the excipient. Geological for-

mations containing the same mineral can differ in their

chemical composition, crystalline structure, density, etc. A

change in geological origin of raw material can affect the ex-

cipient’s chemical or physical properties, the impurity profile,

or excipient functionality.

A change to the species of origin for raw materials of either

animal or vegetable origin can raise concern. Switching from

one animal species to another can affect the status of the ex-

cipient as it relates to the presence of BSE or TSE material in

the excipient, as noted above. Switching from animal-derived

to plant-derived raw materials, although eliminating the issue

of BSE or TSE material, raises the potential for the presence of

plant-based allergenic material in the excipient. Switching

from one plant species to another also can result in the possible

presence of an allergen in the excipient. In addition to this is-

sue with allergens, use of plant-derived raw materials can af-

fect pharmaceutical manufacturers who have a concern about

the presence of GMOs in the excipient.

Risk Levels

In the evaluation of the effect of changes on the excipient, it

is recognized that even with objective criteria, some judgment

may be necessary. To facilitate the decision as to the signifi-

cance of a change and the likely effect on the dosage form,

the types of changes are classified using three levels:

3 European Pharmacopoeia, General Text 5.2.8, Minimizing the
Risk of Transmitting Animal Spongiform Encephalopathy Agents
Via Medicinal Products.
4 U.S. Department of Agriculture, Animal and Plant Health Inspec-
tion Service (APHIS), Federal Register: November 4, 2003, Volume
68, Number 213, (Proposed Rules), 9 CFR Parts 93, 94, and 95, Bo-
vine Spongiform Encephalopathy; Minimal Risk Regions and Impor-
tation of Commodities.

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] 379

# 2008 The United States Pharmacopeial Convention All Rights Reserved.



� Level 1: Minor Change

� Level 2: Might Be Significant

� Level 3: Always Significant

LEVEL 1: MINOR CHANGE

These changes are considered unlikely to affect the excipi-

ent’s chemical or physical properties, impurity profile, or func-

tionality. Such changes should be documented, but

notifications to the users and regulatory authorities are not nec-

essary.

LEVEL 2: MIGHT BE SIGNIFICANT

The effect of the change should be evaluated against Crite-

rion 1, Criterion 2, and Criterion 3 (chemical and physical

properties and impurity profile) to determine its potential ef-

fect on the excipient functionality. A change in the biological

origin of a raw material should be considered with regard to

TSE or GMO regulations. A Level 2 change should always

be communicated to the users and regulatory authorities.

LEVEL 3: ALWAYS SIGNIFICANT

This type of change should always be communicated to the

users and regulatory authorities. Shipment of the changed ex-

cipient to the user should not occur without consent from the

user’s company.

Protocol Design

There should be a written protocol for the evaluation of a

change to determine whether it is significant. The protocol

should describe the nature of the change, the reason it may

be significant, the testing to be performed to evaluate the

change, and the criteria for determining the significance. If

the change is attributable to a new biological source for raw

materials used in the manufacture of the excipient, it is recom-

mended that the regulatory status of the raw material (i.e.,

BSE/TSE, GMO agents) be evaluated first. Then, where pos-

sible, the results from the testing of a minimum of 10 pre- and

3 post-change batches of excipient should be compared (see

Supporting Data, below). If significant changes are seen, then

an assessment of the significance should be made.

The manufacturer should test the excipient made after the

change for all specification properties and compare the results

to the historical data. A standard statistical test, such as a t-test

of the means, should be used to compare the new data with the

historical data. If when using an appropriate statistical analysis

there is sufficient evidence that the populations are different at

the 95% confidence interval, the change should be considered

significant. As an additional check on consistency, it is also

recommended that the new batch specification properties be

plotted on standard Statistical Quality Control (SQC) control

charts, along with standard batch results.

Supporting Data

It is preferable to use data to measure the effect of a change

on the excipient. The comparison should begin with chemical

and physical properties, followed where appropriate, by mois-

ture, bioburden, impurity profile, and functionality. The man-

ufacturer should use good judgment on sample comparisons

for the other evaluations.

Chemical and physical properties lend themselves to quan-

titative measurement. Often these properties are part of the

specification for the excipient. As such there should be a large

body of test data to use for the properties affected for compar-

ison to the corresponding data of the excipient made after the

change.

Equivalence of impurity profiles is shown by comparing the

data for the pre-change and post-change batches. If the follow-

ing conditions are met there has been no significant change in

the impurity profile. [NOTE—Residual Solvents h467i notes
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that under certain circumstances an impurity concentration be-

low 0.10% may be of concern and the excipient manufacturer

should take this under consideration.]

1. No new impurity is present at or above 0.10% nor has an

impurity at this level disappeared that was previously in

the impurity profile.

2. Residual solvent and impurities remain within the 95%

confidence interval of the mean of the batches produced

before the change.

TYPES OF CHANGES

Site Change

A change in site can involve either the production or pack-

aging of the excipient or its quality control testing. If the pro-

posed manufacturing site was never used to produce the

excipient, then the change poses a greater risk of altering the

excipient’s performance and is considered a Level 3 change. If

the proposed site was used for this purpose within the past year

and the process, equipment, utilities, and raw materials are all

unchanged, the risk is considered minor and thus a Level 1

change. However, if the excipient was produced before at

the proposed site with the same process, equipment, utilities,

and raw materials more than 1 year ago, the risk is moderate

and thus Level 2.

If the change involves the quality control laboratory, then

the impact hinges on the test method. If the method remains

the same, the change is a Level 1, provided a formal method

transfer or validation is conducted. If the new lab uses a dif-

ferent analytical technique or analytical equipment, then the

change should be evaluated more carefully, as required by a

Level 2 change.

Scale

Manufacturers often find ways to increase the scale of pro-

duction. If the excipient is being scaled up from pilot to pro-

duction the change is likely to be significant and thus a Level 3.

When the change in scale results from the use of new and lar-

ger, or smaller, production equipment using the same operat-

ing principle, which is often the case in batch processing, the

change is a Level 2. If the existing equipment is optimized to

increase capacity without altering the process, often found in

continuous processing, the change is considered minor and

treated as Level 1 provided that a comparison of pre- and

post-change data shows no statistically significant difference.

However, careful consideration should be given to changes

that are made that can clearly impact the properties of the ex-

cipient.

Equipment

The evaluation of equipment change concerns the issue of

whether it is equivalent to the equipment it replaces. General-

ly, equipment that is a replacement in kind is considered a mi-

nor Level 1 change. If the new equipment is not a replacement

in kind but is included in the process validation, then the

change is still a Level 1. Otherwise the change is considered

Level 3.

Manufacturing Process

A change in process often involves changes to the proces-

sing instructions, such as target levels for such parameters as

temperature, pressure, and flow rate; the raw materials to be

used; the sequence of operating steps; and the operation to

be performed including reprocessing. As illustrated in the De-

cision Tree in Appendix B, each type of process change can be

further detailed.
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If there is a change in a process parameter that is within the

process validation, such as operating at a new target within the

qualified range, then the change is a Level 1. However, if the

process parameter is outside of the validation, then the change

should be evaluated as a Level 2.

If minor changes are made to the processing steps, such as a

small change outside of the validated range in the rate of ad-

dition of an ingredient, then the change is a Level 2. A major

change, such as changing the point at which an ingredient is

added to earlier or later in the process, is potentially significant

and thus a Level 3.

Reprocessing of an excipient followed by a purification

step, when not typical of the process, should be evaluated as

a Level 2 change. However, if no further purification of the

bulk excipient occurs, this type of change is considered a Level

3.

Packaging and Labeling

These changes involve the package components meant for

protection and distribution of the excipient. Any change in the

package or packaging components such as the drum, box, lin-

er, or tamper evident seal that is a replacement in kind is a mi-

nor change (Level 1). Replacement in kind applies to

containers constructed of the same materials and sealed in a

similar manner, and liners made of the same components.

Any change that is not a replacement in kind should be eval-

uated as a Level 3. Any change to labeling pertaining to the site

of manufacture or testing, the biological origin, additives, or

storage and handling conditions should be evaluated as a Level

3.

Specifications

Differences in raw materials can be further defined by the

supplier used, their specifications, biological origin, country

of origin for those derived from animals, or the addition to

or removal of the raw material from the BPE process. If the

new supplier provides its raw material against a specification

essentially the same as the former supplier and the raw mate-

rial method of manufacture is similar, the change is minor and

treated as Level 1. However if the specifications, biological or-

igin or country of origin changes, or the manufacturing pro-

cess is different, then the change should be evaluated as

potentially significant (Level 2). Also, any change of source

for an animal-origin material should be treated as a Level 2

change, if the source is determined to be not from a risk coun-

try as codified in 9 CFR 94.18. Finally, if the change in raw

material involves the addition or removal of an ingredient

from the process to produce or preserve the BPE or is other-

wise used to produce the bulk excipient, the change is likely to

be significant (Level 3). Similar consideration should be given

for any change in origin of raw materials that results in a po-

tential that the raw material might contain risk materials (i.e.,

BSE, TSE, allergens, or GMOs).

Changes are sometimes made to the excipient specification

or the quality control test method. When changes are not the

result of a monograph change, their significance should be

evaluated. Such test or specification changes may be made

to the excipient product, or to the intermediate component.

[NOTE—In some circumstances, relaxing the specification

may lower the quality if the specification is for a significant

property; therefore any change needs to be evaluated and its

significance needs to be documented.]

Changes to an excipient specification or test method are Le-

vel 3 changes. For example adding a new specification param-

eter for the purpose of improving the quality of the excipient

through lot selection is potentially a very significant Level 3

change. If the specification change relaxes a specification pa-

rameter, the effect on excipient quality should be evaluated as

a Level 2 change. An example of a minor change is the addi-
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tional testing of the excipient initiated with the sole purpose of

further characterizing the material without altering its quality,

and is a Level 1 risk; however, notification is supported.

If a specification for a raw material from the same suppli-

er(s) is made more stringent, then the change is unlikely to

be significant (Level 1), whereas if the specification becomes

less stringent, then the change should be evaluated carefully

(Level 2).

When a change is made that either increases or maintains the

level of process control in the manufacturing process, it should

be treated as a Level 1. If the change in process control relaxes

the control, then the effect should be carefully evaluated as Le-

vel 2. An illustrative example is pH control. If a new pH meter

allows for more precise measurement, the process control is

improved and the change falls under Level 1. However, if

the pH control is relaxed by using a less precise measuring de-

vice, the change is treated as Level 2.

Multiple Changes

Multiple changes involve more than one change occurring

simultaneously. The risk level for consideration of the impact

of the changes should be the highest level for any single

change. However, the effect of the totality of changes should

also be assessed, because this may suggest that the overall risk

is higher.

REPORTING REQUIREMENTS

Documentation

It is recommended that the evaluation of changes to the ex-

cipient be documented, regardless of the level of change. The

report should indicate the basis for evaluating the effect of the

change on the excipient, the significance of the data used in

reaching the conclusion, and the actions taken.

Where appropriate, the process validation should be updat-

ed to reflect the changed process. This is clearly indicated

where the evaluation has led to the conclusion that the change

should be considered significant.

Notification

The user should be given as much advance notification of

impending change as possible. For Level 3 changes in partic-

ular, the user may require time to complete the evaluation of

the impact of the change on their formulations. During this pe-

riod the user may request inventory of the excipient produced

before the change was made. The manufacturer should plan

for the change with this eventuality in mind.

Regardless of the apparent level of the change, changes that

are found to meet the definition of significant change resulting

from the evaluation require user notification.

Regulatory authorities often require notification of signifi-

cant changes involving the manufacture of excipients. Such

notification should be done as required by the applicable au-

thority.

GLOSSARY

ACTIVE PHARMACEUTICAL INGREDIENT (API): Any substance

or mixture of substances intended to be used in the manufac-

ture of a drug (medicinal) product and that, when used in the

production of a drug, becomes an active ingredient of the drug

product. Such substances are intended to furnish pharmaco-

logical activity or other direct effect in the diagnosis, cure, mit-

igation, treatment, or prevention of disease, or to affect the

structure or any function of the body of humans or animals.

BATCH PROCESS: A manufacturing process that produces the

excipient from a discrete supply of the raw materials that are

present before the completion of the reaction.

BIOBURDEN: The nature and quantity of microorganisms

present in the excipient.
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BIOLOGICAL ORIGIN: Defined as either animal origin or non-

animal origin, based on the source of the raw material used in

the manufacture of the excipient, and also includes materials

that potentially come into contact with equipment used in the

manufacture of other materials with animal-derived or GMO-

derived components.

BOVINE SPONGIFORM ENCEPHALOPATHY (BSE): A pathologi-

cal brain deterioration condition of cattle believed to be caused

by a ‘‘prion’’ that can be transmitted to cause variant Creutz-

feldt-Jakob disease (vCJD) in humans.

BULK PHARMACEUTICAL EXCIPIENT (BPE): See Excipient.

CHEMICAL PROPERTY: A quality parameter that is measured

by chemical or physicochemical test methods.

CONCOMITANT COMPONENT: A substance found in an excip-

ient that is not the intended chemical entity, but may be nec-

essary for assuring the proper performance of the excipient in

its intended use, and is not an impurity or a foreign substance

(formerly referred to as a minor component).

CONFIDENCE INTERVAL: A range, calculated from sample da-

ta, within which a population parameter, such as the popula-

tion mean, is expected to lie, with a given level of confidence.

CONTINUOUS PROCESS: A manufacturing process that con-

tinually produces the excipient from a continuous supply of

raw material.

DECISION TREE: A visual presentation of the sequence of

events that can occur, including decision points.

DRUG SUBSTANCE: See Active Pharmaceutical Ingredient.

EQUIPMENT: The implements used in the manufacture of an

excipient.

EXCIPIENT: Any substance, other than the drug substance, in

a drug product that has been appropriately evaluated for safety

and is included in a drug delivery system to either aid the pro-

cessing of the drug product during its manufacture; protect,

support or enhance stability, bioavailability, or patient accept-

ability; assist in product identification; or enhance any other

attribute of the overall safety and effectiveness of the drug pro-

duct during storage or use.

FOREIGN SUBSTANCE: A component that is present in the

BPE but NOT introduced into the excipient as a consequence

of its synthesis or purification and is not necessary to achieve

the required functionality (formerly referred to as a contami-

nant).

FUNCTIONALITY: The set of performance criteria that the ex-

cipient is intended to meet when used in a formulation.

GENETICALLYMODIFIEDORGANISM (GMO): Living organisms

such as animals, plants, or microbes with an altered genetic

makeup produced using a special set of technologies.

IMPURITY: A component of an excipient that is not the in-

tended chemical entity or a concomitant component but is pre-

sent as a consequence of either the raw materials used or the

manufacturing process and is not a foreign substance.

IMPURITY PROFILE: A description of the impurities present in

the excipient.

MASSBALANCE: The sum of the quantifiable material present

in the excipient.

PACKAGING: The container and its components that hold the

excipient for transport to the user.

PHYSIOLOGICAL EFFECT: Any effect on the normal health of

the human body.

PHYSICAL PROPERTY: A quality parameter that can be mea-

sured solely by physical means.

PROCESS: The set of operating instructions describing how

the excipient is to be synthesized, isolated, purified, packaged,

etc.

PROCESS PARAMETER: A measurable operating condition.

PROCESS STEP: An instruction to the BPE manufacturing per-

sonnel directing that an operation be done.

PROCESS VALIDATION: A documented program that provides

a high degree of assurance that a specific process will consis-

tently produce a result that will meet predetermined accep-

tance criteria.

RAWMATERIAL: Any substance used in the production of an

excipient, excluding packaging materials.
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REPROCESSING: Introduction of previously processed mate-

rial that did not conform to standards or specifications back

into the process and with repetition of one or more necessary

steps that are part of the normal manufacturing process.

REPLACEMENT IN KIND: Manufacturing equipment that uses

the same operating principles and is of similar construction or

packaging components made with the same materials of con-

struction and sealed in a similar manner.

RESIDUAL SOLVENT: An organic volatile chemical that is

used or produced in the manufacture of excipients. The resid-

ual solvent is not completely removed by practical manufac-

turing techniques.

SCALE: An increase or decrease in the batch size in batch

processing or the throughput capability for continuous proces-

sing, whether or not different equipment is used.

SITE: A defined location of the equipment in which the ex-

cipient is manufactured. It may be within a larger facility. A

change in site may be to a different part of the existing facility

but in a different operational area or may be to a remote facility

including a contract manufacturer.

SIGNIFICANT CHANGE: A change that alters an excipient’s

physical or chemical property from the norm or that is likely

to alter the excipient’s performance in the dosage form.

SOLVENT: A vehicle, other than water, used in the synthesis

of the product that remains chemically unchanged.

SPECIFICATION: The quality parameters to which the excipi-

ent, component, or intermediate must conform and that serve

as a basis for quality evaluation.

STATISTICAL QUALITY CONTROL (SQC): The plotting of se-

quential test results to show their variation relative to the spec-

ification range and their normal variation.

TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHY (TSE): Any

agent that causes a symptomatic illness in animals or humans

akin to BSE and variant Creutzfeldt-Jakob disease (vCJD),

e.g., scrapie in sheep.

APPENDIX A: CHANGE LEVELS

For guidance, examples of changes that typically would be

classified into the three change levels are provided.

Level 1

1. A processing parameter changed to a new set point that is

within the process validation.

2. Use of alternate equipment that is listed as an alternate in

a regulatory document (i.e., Drug Master File).

3. Use of equipment that is a replacement in kind. This is

typically new equipment that uses the same operating

principles as the equipment replaced.

4. Revision to a specification for one of the excipient’s raw

materials that involves more stringent quality or confor-

mance to additional pharmacopeias.

5. Addition of a test parameter or tightening of an existing

parameter to an excipient specification that is used for in-

formational purposes only. This is not used for quality im-

provement or control purposes.

6. Improved environmental control to prevent cross-contam-

ination of the excipient. An example of this is an im-

proved packaging room or additional segregation of

manufacturing equipment.

Level 2

1. A processing parameter changed to a new set point that is

outside of the process validation.

2. A site change returning the manufacture of an excipient to

a site previously used for this purpose more than 1 year

ago.
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3. Process control that is outside the normal limits of vari-

ability. An example of this is new process control equip-

ment for control of excipient properties not previously

controlled that create process adjustments.

4. A change in the handling, storage, or delivery of the ex-

cipient. An example of a handling change is the move-

ment of a powder with new powder-conveying

equipment. The storage of the excipient in bulk versus

the shipping container is illustrative of a change in stor-

age. The delivery of the excipient in temperature-con-

trolled trucks versus uncontrolled trucks exemplifies a

change in delivery but not vice versa.

5. A change in container size or shape.

Level 3

1. Addition or removal of a chemical entity from the manu-

facturing process. An example would be the addition or

removal of a preservative agent, buffering agent, stabiliz-

er, or catalyst.

2. Manufacture at a new site never used for this purpose.

3. Revision to a sales specification made for the purpose of

improving the quality of the excipient either through im-

proved process control or lot selection.

4. Use of a new package, such as a drum of a different con-

struction (i.e., plastic versus steel).

5. Revision of the product label.

6. Revision of the tamper-evident seal.

7. A change to the stated shelf life or retest interval.

APPENDIX B: DECISION TREE

ADecision Tree has been developed to aid in classifying the

change into levels. The diagram begins with the proposed

change and guides the BPE maker to an indication of the like-

lihood the change will impact the excipient user. The Decision

Tree classifies the types of change that occur in excipient man-

ufacture as involving the site of manufacture, the processing

steps, packaging, or testing and quality control.
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APPENDIX C: IMPURITY PROFILE

Definition of Impurity Profile

The impurity profile of an excipient may be defined as a de-

scription of the impurities present in a typical lot of excipient

produced by a given manufacturing process. The impurity pro-

file includes the identity of each major impurity or an appro-

priate qualitative description, such as peak retention time (if

unidentified), the quantity of impurity observed expressed as

a range, and the classification, as discussed below, of each

identified impurity. Excipients frequently function because

they are not ‘‘pure’’. That is to say that often there are concom-

itant components that are necessary for the correct functioning

of the excipient. These essential ‘‘concomitant components’’

should not be considered as part of the impurity profile but

should be evaluated separately, if possible.

The composition of the impurity profile is dependent upon

such variables as the raw materials, solvents, reagents, cata-

lysts, and manufacturing process used in the excipient’s man-

ufacture. Foreign substances, such as manufacturing aids that

can be present in the excipient, should be controlled to a level

that is unobjectionable.5

5 Current USP General Notices.
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It is recognized that the presence of essential concomitant

components is important to the performance of the excipient

in the drug product. Therefore, the presence of these essential

concomitant components in the excipient should neither be

construed as being undesirable nor should they be confused

with the presence of foreign substances or impurities.

It should be noted that in some excipients, water may be an

essential concomitant component, necessary to achieve the de-

sired functionality. For other excipients, water may be includ-

ed in the impurity profile, if appropriate, and should be

classified as an inorganic impurity in such circumstances.

Use of the Impurity Profile

The impurity profile, as used in this chapter, is meant to help

determine the significance of a change. Impurities should be

profiled by the excipient manufacturer if possible. This may

be accomplished through knowledge of the starting materials

and manufacturing process and subsequent application of va-

lidated analytical testing to provide a qualitative and/or quan-

titative result of the impurity profile.

Procedure for Development of an Impurity Profile

Because of the diverse nature of substances that may be in-

corporated as pharmaceutical excipients, including highly

complex mixtures from animal, botanical, mineral, and/or syn-

thetic sources, differing approaches to characterizing their pro-

perties may be required. It is recognized that the development

of an impurity profile may not be technically feasible for cer-

tain excipients. In such cases, the manufacturer should docu-

ment what method is being used to monitor the excipient for

the effect of changes as noted in Evaluation Critieria and De-

termination of Signifcance under Significant Change.

Classification of Impurities

Excipient impurities are classified as follows.

Organic Impurities: Any organic material that arises

during the manufacturing process that is not listed as the in-

tended excipient in the monograph or specification and is

not a concomitant component or foreign substance. This

may include starting materials, byproducts, intermediates, re-

agents, ligands, and catalysts.

Inorganic Impurities: Any inorganic material that arises

during the manufacturing process that is not listed as the in-

tended excipient in the monograph or specification and is

not a concomitant component or foreign substance. This

may include starting materials, byproducts, intermediates, re-

agents, ligands, and catalysts.

Residual Solvents: Solvents resulting from the incom-

plete removal of organic or inorganic liquids, regardless of

the source. See Residual Solvents h467i for details. Note that

the limits specified apply to the drug product as considered in

Option 2 and to the excipient per Option 1. It should be noted

that a residual solvent can also be classified as a concomitant

component but still must be considered.

Impurity Profile

The characterization of the impurity profile of an excipient

should be attempted by the manufacturer, where possible, by

taking into account the manufacturing process and potential

impurities anticipated as a consequence. A sensible approach

includes control of all impurities that have known toxicologi-

cal characteristics. The limits of these impurities may be based

upon the usage of the drug product when so informed by the

user and should comply with the requirements of ICH Q3B(R)

Impurities in Drug Products and Residual Solvents h467i.

For the purpose of developing an impurity profile, excipi-

ents may be classified as those where purity can be directly

measured and those where purity cannot be directly measured.

Examples of the former are excipients whose monograph or
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specification includes a requirement for purity. Polymers or

derivatives of naturally occurring products are often examples

of excipients where purity cannot be directly measured.

The material to be used for the development of the impurity

profile should be sampled using the same sampling technique

and sampling point in the manufacturing process as the sample

taken for use in the quality control release of the lot.

Excipients for Which Purity Can be Measured

A mass balance is desirable, but it is recognized that a mass

balance of 100% cannot generally be achieved because of the

inherent limitation in accuracy and precision of the available

tests, as well as the possible lack of suitable tests for some

components. Mass balance of the excipient composition

should be computed through the addition of the organic impu-

rities, inorganic impurities, residual solvents, and the excipi-

ent . If there are measurable essential concomitant

components, they should be included with the excipient for

purposes of this calculation. The purpose of calculating the

mass balance is to estimate the amount of material not mea-

sured in the impurity profile. The excipient manufacturer

should include in the report of the development of the impurity

profile the mass balance achieved and what are thought to be

the components not fully quantified.

Organic Impurities: Identify each impurity at or greater

than 0.10% using appropriate analytical techniques. If organic

impurities cannot be identified, a qualitative description, such

as chromatographic retention time, should be assigned for all

impurities at or greater than 0.10%. If direct measurement of

organic impurities is not possible, totalOrganic Impurities can

be reported as:

100 – (Inorganic Impurities + Residual Solvents + Excipient)

Inorganic Impurities: Identify each impurity at or above

0.10% using appropriate analytical techniques. If direct mea-

surement of inorganic impurities is not possible, total Inorgan-

ic Impurities may be estimated as:

100 – (Organic Impurities + Residual Solvents + Excipient)

Residual Solvents: Report the solvents present by classi-

fication (see Residual Solvents h467i) and level.

Excipients for Which Purity Cannot Be Measured

Although a mass balance of the excipient composition of

100% is desirable, it is recognized that this goal is often tech-

nically difficult, if not impossible, to achieve. Therefore, man-

ufacturers should include reports of the development of the

impurity profile, the mass balance achieved, and what are

thought to be the components not otherwise quantified.

For excipients produced by continuous chemical proces-

sing, it may not be possible to calculate a chemical mass bal-

ance, only an overall process balance.

Where direct measurement of the excipient purity is not fea-

sible, techniques should be used to provide an estimate of ex-

cipient purity. This information is then applied in the equations

listed above under Excipients for Which Purity Can Be Mea-

sured.

Documentation

The excipient supplier should develop documentation to

support the development of an impurity profile. This docu-

mentation can be compiled in various ways by the supplier

so that it can be retrieved to support the impurity profile. Doc-

umentation of an excipient impurity profile should include the

following information:

1. Sampling plan

2. Analytical test methods
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3. Identity and quantity of each component of the excipient,

including both the excipient components and identified

impurities

4. Discussion of the uncertainty in the measurement of each

component of the excipient and impurity

5. Discussion of the mass balance&1S (USP32)

BRIEFING

h1237iVirology Test Methods. Because there is no information in
USP on this subject, this new general information chapter provides
general considerations on well-established viral test methodologies
used in biological product manufacturing.

(BB VV: V. Lu) RTS—C47653

Add the following:

&h1237i VIROLOGY TEST METHODS

INTRODUCTION

This chapter describes virology test methods applicable to

the development of biological product drugs, such as recom-

binant proteins, subunit vaccines, therapeutic monoclonal an-

tibodies, and growth hormones. Several topics are excluded

from the scope of this chapter:

� Blood- and plasma-derived products as well as whole

blood and plasma products used directly in transplanta-

tion or infusion. However, the basic principles, strategies,

and testing methods for ensuring virus-free products are

applicable.

� Methodologies for the safety testing of live viral vaccines.

� Specific methods for viral clearance studies, which are de-

scribed in theUSP general information chapter Viral Safe-

ty Evaluation of Biotechnology Products Derived from

Cell Lines of Human or Animal Origin h1050i. The cell-

and animal-based infectivity methods discussed in this

chapter may be useful only following neutralization of

the specific viral entity contained in the product for any

product that is intended to contain live viruses (e.g., infec-

tious oncolytic viruses and live viral vector products used

for gene therapy). Alternatively, selection of appropriate

indicator cell lines or animal models in which the specific

viral entity is known not to replicate can be considered. It

should also be expected that assay systems based on de-

tection of viral particles or viral components will indicate

the presence of the viral entity itself in such products, but

may not indicate the viability of the virus.

Virology test methods have historically been employed in

the clinical settings of disease diagnosis, intervention, and

containment; but the development of biological (biologics

and biotechnology-derived) products and therapies for human

or animal use has created the need for sensitive viral detection

assays for use in the GMP production and testing of biological

products. This need is not limited to the production of viral

vaccines, but also applies to the development and manufacture

of recombinant proteins, cell and gene therapies, and other

products.

Sensitive virology test methods for quality control of bio-

logical products are necessary for several reasons. The produc-

tion of biological products often requires a variety of raw

materials and processing reagents of animal origin that have

varying potential for introducing viral contaminants. The pro-

duction of biological products may allow the replication of ad-

ventitious agents during processing, and therefore these

materials must be prescreened to avoid the opportunity for

contamination of the product. Another point to consider re-

garding screening these materials is that the product may not

be compatible with processing methods used to eliminate or

inactivate these adventitious agents. Because of the nature of

the biological products, the production process needs to in-

clude appropriate testing regimens that monitor the possible

introduction of adventitious agents and/or viral agents into

the systems used. For these reasons, sensitive viral detection

methods are required not only for the release testing of biolog-
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ical drug products, but also during the intermediate stages of

processing, process development, and routine manufacture.

Important stages for consideration include the development

of cell substrates and banks, raw materials of animal origin,

process intermediates, and critical excipients when derived

from animal tissues. This strategy should be augmented with

viral clearance and inactivation studies whenever possible.

The remainder of the chapter is divided into three sections

discussing assays for the three topics: (1) Detection of Viable

Viruses, (2) Detection of Viral Components, and (3) Detection

of Antibodies to Viral Antigens. The chapter covers the classic

virology methods that are still routinely used, as well as mod-

ern molecular and immunological approaches. The methods

described in these sections may possess different sensitivities

to diverse viruses; they are therefore intended to complement

each other to provide a science-based foundation for the detec-

tion of of adventitious viruses. Multiple methods may be used

in complementary fashion to improve the pathogen safety

margin of a product. Identification of viruses detected in

cell-based assays on the basis of cytopathic effects often de-

pends on the use of molecular and immunological analyses;

these analyses are therefore relevant both to viral detection

and to subsequent viral identification. The chapter provides

an overview of the detection and analysis of the most impor-

tant groups of viruses as well as the most commonly used tech-

niques. Tests specific to individual vaccines or biological

products are excluded, because they are expected to be includ-

ed in monographs for such products.

Methods that are well established with little variation in

practice are described in more detail, whereas methods that

are more flexible are described in general terms, both in the

performance of the tests and in considerations for acceptance.

Relevant regulatory references are given in the Appendix. Re-

levant USP general chapters should be consulted with regard

to bioassay design, data analysis, interpretation, and assay va-

lidation.

DETECTION OF VIABLE VIRUSES

Infectious virus particles contaminating biologics and bio-

technology-derived products are of great safety concern, be-

cause they have the potential for causing serious, possibly

life-threatening, infections in the patients treated. This is par-

ticularly true if the patients are immunocompromised. Al-

though complete assurance of viral safety for finished

biological products can never be realized, a significant safety

margin can be established through viral detection methods ap-

plied to unprocessed bulk and raw materials before purifica-

tion in combination with purification processes that

demonstrate the ability to inactivate or remove potential viral

contaminants present at levels too low to detect. (See Viral

Safety Evaluation of Biotechnology Products Derived from

Cell Lines of Human or Animal Origin h1050i for information

on viral clearance and inactivation methods.) For cell and gene

therapy products that lack extensive purification steps, final

products may be directly tested for the presence of relevant

contaminating viruses. This section describes two broad sys-

tems for the detection of infectious virus: cell culture–based

infectivity assays and in vivo infectivity assays. These systems

may possess complementary sensitivities for viruses, and as a

result, both methods may be used as limit tests for cell bank

and raw material characterization and for lot release testing of

biologics and biotechnology-derived products. Considerations

for optimizing sample preparation for these tests are discussed,

followed by a description of the more commonly employed

detection assays. Finally, to ensure the reliability of experi-

mental results, quality control issues in general and detection

limit estimation in particular are discussed.

Sample Selection of and Preparation for Cell- and Animal-

Based Virus Detection Assays

The requirements for selection, preparation, and storage of

test samples for viral detection methods (cell- and animal-

based) are dictated by the lability of the viruses being detected.
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The ability of a virus to remain infectious in the absence of a

host cell is highly variable. Virus infectivity also may differ in

sensitivity to repeated freezing and thawing cycles.

Sample preparation typically involves storage of test sam-

ples at low temperatures (ideally –608 or below) as soon as

practicable upon collection. When intended for use in a viral

screening assay, aliquots of samples should be prepared to

avoid multiple freezing and thawing. Samples intended for vi-

ral infectivity assays are typically shipped with sufficient dry

ice to last several days more than the expected time required

for transit. When received at the testing laboratory, the sample

should be examined to verify that it is still frozen, and appro-

priate documentation should be completed. For any storage or

hold condition, the impact of the condition on viral viability

should be empirically assessed and sufficient cold chain man-

agement ensured.

Typical sample types for viral detection assays are described

below.

Cell Lysates—Test samples derived from cell substrates

(master and working cell banks, end-of-production cell sam-

ples) are prepared in a manner that allows sampling of both

the cells (for cell-associated viruses) and the conditioned me-

dium (for virus shed into the medium). To achieve this, a cul-

ture of the cells is sampled. A cell suspension of ~107 cells per

mL in conditioned medium is prepared and frozen (ideally at

–608 or below). Because this medium does not contain cryo-

preservative, the majority of the cells will lyse upon thawing

of the sample, releasing the cell-associated virus. Low-speed

centrifugation will remove larger cellular debris and yield a

supernatant that may be inoculated directly onto detector cells

in cell-based viral infectivity assays. A similar sample is pre-

pared for in vivo viral adventitious agent testing. In this case,

however, the test sample is thawed and injected without clari-

fication into the various animal systems via the various de-

scribed routes.

Biotechnology Bulk Harvest (Unprocessed Bulk Har-

vest) Samples—Routine lot testing of bulk harvest samples

is mandatory for most types of biologics (see Viral Safety

Evaluation of Biotechnology Products Derived from Cell

Lines of Human or Animal Origin h1050i). The sampling must

be done at the unprocessed bulk harvest stage, because down-

stream purification processes may remove or inactivate any vi-

ruses that might contaminate the starting materials. The

harvest sample from the bioreactor should be collected and

stored without further manipulation, as soon as practicable,

at –608 or below. To prevent multiple freeze and thaw cycles,

individual aliquots should be prepared for each individual as-

say to be performed. Additional aliquots should be retained in

case repeat testing is required. Depending on the nature of the

manufacturing process, the bulk harvest samples may contain

varying quantities of the production substrate cells. Because

the bulk harvest does not contain cryopreservatives, the major-

ity of the cells present will lyse upon thawing of the sample,

releasing the cell-associated virus. Low-speed centrifugation

to clarify the sample will result in a supernatant that may be

inoculated directly onto detector cells in cell-based viral infec-

tivity assays. A similar sample is prepared for in vivo viral

safety testing. In this case, however, the test sample is thawed

and injected without clarification into the various animal sys-

tems via the various described routes.

Raw Materials of Animal Origin—Ingredients of animal

origin used in the manufacture of biological products for hu-

man or veterinary use must be tested for species-specific virus-

es of concern as described in 9 CFR 113.53 (see also the USP

general information chapter Bovine Serum h1024i, being pre-

pared for future publication). The raw materials may be stored

under a variety of conditions, as appropriate to the raw mate-

rial. Sample preparation and method of application to the test

system depend on the nature of the sample. Animal sera are

typically received frozen and are thawed and incorporated into

the growth medium at an appropriate concentration (typically

15%, v/v) as a means of exposing the detector cells. Powdered

trypsin (not less than 5 grams, as per 9 CFR 113.53) is sus-

pended in a suitable diluent, such as phosphate-buffered sa-

line, and is then subjected to high-speed centrifugation to

pellet any virions that may be present. The concentrated pellet
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is resuspended in phosphate-buffered saline, and the resulting

material is used to inoculate appropriate detector cells. Medi-

um additives, such as bovine thrombin, may be incorporated

into the growth medium at a predetermined multiple of the

nominal concentration to be used in the manufacturing pro-

cess. The resulting growth medium containing the additives

is then used as a means of exposing the detector cells to the

test material. The exact multiple to be used in such testing

may be limited by such factors as solubility in growth medium

or cytotoxicity to the detector cells. These factors should be

assessed in advance of testing. The principle of using higher

concentrations in the detection method than during processing

should be followed, within the bounds of indicator cell toxic-

ity, as a means to increase sensitivity to detection.

Whole Cells—Intact viable cells are used as the test sample

in certain viral detection assays. Because the test cells may at-

tach and proliferate in the culture vessel along with the detec-

tor cells, assays using this type of sample are referred to as

cocultivation assays. The requirements for the specific assay

may vary in relative proportions of detector and test cells, vi-

ability of the test cells, or the confluency of test cells at the

time of collection.

Cell Culture–Based Viral Detection Methods

To ensure the absence of adventitious viral agents, cell cul-

ture–based viral detection assays are used for a variety of pur-

poses, including but not limited to clinical diagnostic

procedures; evaluation of raw materials and cell substrates; as-

sessments of the viral identity, the purity, and the potency of

virus seed stocks; and lot release testing of unprocessed bulk

harvests during biologics production. An important distinction

between cell-based assays and direct detection assays (see the

section Detection of Viral Components) is that the former will

detect only replicating virus, whereas the latter will detect viral

antigens, viral genomic material, and the like, which may or

may not be indicative of the presence of replicating virus. Sim-

ilarly, detection of circulating antibodies directed against viral

antigens (discussed in the section Detection of Antibodies to

Viral Antigens), may be indicative of either a current or a past

infection of an animal and does not necessarily indicate that

the animal is currently harboring an infection.

Infectious viruses detected in cells or in cell-derived mate-

rials fall into two broad categories, based on the expectations

of the analyst. Endogenous viruses are those normally detect-

ed in the cells as a result of the integration of the viral genomic

material into the host cell DNA. Exogenous viruses are those

not normally present in the cells but found as a result of a viral

infection of the cells.

The underlying assumption for all cell-based viral detection

methods is the ability of viruses to replicate in an appropriate

host cell. Viruses lack the cellular machinery required for pro-

ducing their own genomic material and structural proteins, and

they must therefore enter and subordinate a host cell for this

purpose. Cell-based viral infectivity assays use indicator (de-

tector) cells that serve as host cells for viable virions present in

test samples.

Cell-based infectivity assays may be placed in three broad

categories on the basis of types of viruses to be detected: (1)

retroviral assays, (2) virus-specific assays, and (3) viral screen-

ing assays. The types of endpoints used to detect the viruses

may differ by category. Although screening assays are typical-

ly not optimized for single viral entities, the virus-specific as-

says and titration assays, as well as some of the retroviral

assays, may be optimized to some extent for specific viruses.

Accurate titration of stock viruses that are used as positive

controls or are used to determine the detection limit of an assay

is critical.

The regulatory guidance underlying the various viral safety

tests depends on the nature of the samples to be evaluated, and

analysts are referred for more detail to documentation relevant

to their own regulatory environments.

GENERAL REQUIREMENTS FOR CELL CULTURE–BASED ASSAYS

Detector Cells and the Concept of Viral Host Range—

The range of viruses detectable using a cell-based infectivity

assay depends on a number of factors, including the type of
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host cell(s) used as the indicator (detector) cultures and the de-

tection endpoints used in the assay. Viruses differ in their abil-

ities to infect specific host cell types. Most viruses exhibit at

least some degree of host cell tropism (i.e., ability to infect a

specific species or tissue type). This attribute is typically due

to a requirement for interaction of a virion with a specific cell

membrane receptor during the process of infection of the host

cell. A cell susceptible to infection and capable of production

of progeny by a given virus is referred to as permissive for that

virus; cells not supporting viral proliferation are referred to as

nonpermissive, or restricted, for that virus. As a consequence

of the differences in host cell tropism, assays intended to

screen for a wide range of viruses must include multiple detec-

tor cell types. For the same reasons, design of a cell-based in-

fectivity assay for a specific virus must include a detector cell

known to be permissive for that virus.

Virus Susceptibility of Common Cell Lines—For most

endpoint assays used to determine whether a host cell is infect-

ed with a virus, a monolayer culture is preferable to a semiad-

herent or suspension culture. For instance, cytopathic effect

and hemadsorption are visualized microscopically. Cells that

are not adherent have little morphology to evaluate, and he-

madsorption cannot be properly evaluated in a suspension cul-

ture. For this reason, some regulatory documents pertaining to

cell-based virus infectivity assays stipulate the use of mono-

layer detector cells.

A list of commonly employed indicator cell lines and their

application in viral screening assays is provided in Table 1.

Regarding the viral tropism of these cells, ‘‘Points to Consider

in the Characterization of Cell Lines Used to Produce Biolog-

icals’’ (1993) and ICH’s Q5A (R1) guidelines (for these refer-

ences, see Appendix) require that human diploid cells such as

MRC-5 and WI-38, which are permissive for a range of virus-

es of human concern, and monolayer cultures of the same spe-

cies are included in the viral screening test for biologics

destined for use in humans.

Table 1. Indicator (Detector) Cell Lines Used for Adventitious Viral Screening Assays

Cell Linea Origin Endpoint(s)b Target virus(es)

Cell line with relatively broad viral tropism:

BHK-21 Syrian hamster CPE, HAd, HA Insect-borne viruses (arboviruses)

Vero African green monkey CPE, HAd, HA Viruses infectious to humans, primates

For processes involving human cell substrates:

HeLa Human CPE, HAd, HA Viruses infectious to humans

MRC-5 Human CPE, HAd, HA Viruses infectious to humans

For processes involving Chinese hamster cell substrates:

CHO-Kl Chinese hamster CPE, HAd, HA Viruses infectious to Chinese hamsters

For processes involving mouse cell substrates:

MEF Mouse CPE, HAd, HA Viruses infectious to mouse cells

NIH/3T3 Mouse CPE, HAd, HA Viruses infectious to mouse cells
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Table 1. Indicator (Detector) Cell Lines Used for Adventitious Viral Screening Assays (Continued)

Cell Linea Origin Endpoint(s)b Target virus(es)

For processes involving bovine cell substrates or bovine raw materials:c

MDBK Bovine Cpe, HAd, Ha Bovine viruses

BT Bovine Cpe, HAd, Ha Bovine viruses

EBTr Bovine CPE, HAd, HA Bovine viruses

a Examples of cell lines used for viral screening assays are shown. MRC-5 and Vero, or cells with similar host ranges, are used in all assays.
Depending on the cell substrate used to manufacture a biologic, additional cell lines are also used in the screening assay. In addition, a bovine cell
might be included if bovine serum was used in the manufacturing process.
b CPE, cytopathic effect; HAd, hemadsorption; HA, hemagglutination (optional).
c Inclusion of a bovine cell in a virus screen should not be construed as a replacement for or alternative to a raw materials test. Raw materials
testing is driven in the U. S. by 9 CFR 113.47 and 113.52, and cell lines used for this testing are described in Table 2.

A list of commonly employed indicator cell lines and their

application in raw materials testing assays is provided in Table

2.

There may be very specific requirements for detector cells

for certain viruses. For instance, assays intended to detect in-

fectious HIV use human peripheral blood lymphocytes and in-

volve a p24 antigen capture enzyme immunoassay endpoint.

A list of commonly employed indicator cell lines and their ap-

plication in the detection of specific viruses is provided in Ta-

ble 3.

Table 2. Indicator (Detector) Cell Lines Used in Raw Material Testing

Cell Linea Assay Type Endpoint(s)b Animal Origin of Raw Material

Vero Isolation/detection CPE, HAd, IFA All sources

BT Isolation/detection CPE, HAd, IFA Bovine; all sources (BVDV)c

EBTr Isolation/detection CPE, HAd, IFA Bovine; all sources (BVDV)c

MDBK Isolation/detection CPE, HAd, IFA Bovine; all sources (BVDV)c

PT-1 Isolation/detection CPE, HAd, IFA Porcine

PK-1 Isolation/detection CPE, HAd, IFA Porcine

MDCK Isolation/detection CPE, HAd, IFA Canine

GT Isolation/detection CPE, HAd, IFA Caprine

a The requirement (9 CFR 113.47 and 113.52) for evaluating raw materials of animal origin is to use (1) Vero cells, (2) a bovine cell for detecting
BVDV, and (3) a cell line of the same species of origin as the raw material for detecting viruses of concern from that species. Examples are given
of some cell lines that are used in the industry.
b CPE, cytopathic effect; HAd, hemadsorption; IFA, immunofluorescent antibody staining.
c As per 9 CFR 113.47, raw materials of any animal origin are to be tested for bovine viral diarrhea virus (BVDV).
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Table 3. Indicator (Detector) Cell Lines Used for Detection of Specific Virus(es)

Cell Linea Assay Type Endpoint(s)b Target Virus

324K Isolation/detection CPE, HAd, IFA Murine minute virus

A9 Isolation/detection CPE, HAd, IFA Murine minute virus

BHK-21 Isolation/detection CPE, HAd Arbovirusesc

MRC-5d Isolation/detection CPE Human cytomegalovirus

a Examples of cell lines used for optimizing the detection of specific viruses or virus types are shown. In many cases, the assay methodologies
must also be optimized for detection of the target viruses.
b CPE, cytopathic effect; HAd, hemadsorption; IFA, immunofluorescent antibody staining.
c Insect-borne viruses as a group are referred to as arboviruses. This term has no taxonomic significance.
d Other human diploid cell lines such as WI-38 are also suitable. Assay duration must be 28 days at a minimum.

Growth Requirements for Detector Cells—Viral prolifer-

ation within a permissive host cell may be dependent on the

rate of host cell proliferation. This is especially true for viruses

that display cell-cycle dependence for generation of viral prog-

eny. For most detection assays, detector cultures are seeded at

a density intended to achieve a cell monolayer in exponential

growth. This corresponds to a cell confluency of 50% to 80%

at the time of inoculation of the cultures with virus or test sam-

ple. For the same reasons, the assay design may include pro-

vision for detector cell subculture (the collection of cells from

the original culture and seeding of a predetermined fraction of

these into a new flask). Alternatively, a passage may be per-

formed, consisting of collection of conditioned medium from

the original culture and inoculation of this material onto a sec-

ondary detector cell culture that is in log-phase growth. The

frequency of subculture/passage required in an assay is deter-

mined largely by the rate of growth of the detector cell. Incor-

poration of these steps into detection assay designs helps to

ensure that the conditions remain optimal for amplification

of viral progeny within the host cells.

Need for Detector Cell Identification and Banking—De-

tector cells used for cell-based viral detection assays are a crit-

ical reagent for ensuring viral safety, viral potency, viral

identity, and viral clearance capacity in purification schemes.

In many cases this testing is intended to support GMP proces-

ses; therefore, the detector cell banks may need to be prepared

and qualified in much the same manner as other critical re-

agents. The details of the viral safety evaluation methods are

described in Viral Safety Evaluation of Biotechnology Prod-

ucts Derived from Cell Lines of Human or Animal Origin

h1050i. Regardless of specific compliance requirements, per-

iodic identification and qualification of the detector cell banks

to be used subsequently for viral infectivity assays is good

practice. The following should be regarded as minimal quality

control testing for such detector cell banks: sterility, mycoplas-

ma and viral screening, cell identity by DNA fingerprinting,

karyology, and isoenzyme analysis. In addition, specific as-

says for bovine and porcine viruses may be required if bovine

or porcine raw materials were used in preparation of the banks.

Bovine Serum h1024i and relevant serum-type specific ancil-

lary materials monographs should be consulted when serum

products are used in cell growth media.

Endpoints for Detection of Viral Infection

The various endpoints used to identify infection of a detec-

tor cell with a virus include the following:

� Visual observation of cytopathic effects

� Hemagglutination or hemadsorption of erythrocytes

� Immunofluorescent staining

� Cocultivation with other types of detector cells

� Quantitative polymerase chain reaction (qPCR) for direct

detection of viral genomic sequences
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� Electron microscopic analysis of viral pellets or fixed

cells for visual observation of viral particles

� Biochemical endpoints such as reverse transcriptase as-

says, which detect virus-specific enzymatic activity

These various endpoints are used in a complementary fash-

ion, because a given virus may not cause a positive response in

each endpoint. Polymerase chain reaction (PCR) and electron

microscopic analysis per se are not capable of distinguishing

viable from nonviable viruses. However, when used in con-

junction with cell culture growth kinetics, these approaches

can be powerful orthogonal detection methods to demonstrate

the increase of viral replication and therefore viable virus. The

failure to observe viral particles in electron microscopic anal-

ysis of fixed cells should not be considered absolute proof of

the absence of infectious virus in the cells. In a general sense,

the same is true for each of the detection endpoints discussed

above. Each endpoint has a detection limit below which a vi-

rus may be present but not detected.

Viral Cytopathic Effects—Visually observable manifesta-

tions of the infection of susceptible host cells with certain

types of viruses are collectively referred to as viral cytopathic

effects (CPE). Although CPE may be considered an indirect

detection of viral infection, in the context of specific host cells

they can have distinctive morphological manifestations. These

may include the appearance of inclusion bodies, abnormal cell

morphology, changes in culture confluency, cell death and cell

lysis, and others. The nature of the CPE observed may depend

on the host cell and the infecting virus. In addition, for a virus

that normally causes CPE, there may exist variants that do not

cause CPE. CPE can be differentiated from cytotoxic effect by

the tendency of the former to exhibit progression irreversibly

with time, whereas the latter may be reversible. In some cases

structural proteins of viruses may cause cytotoxic effects sim-

ilar to the cytopathic effects of the infectious virus. Differen-

tiating the cytotoxic effect of such proteins from the cytopathic

effect of infectious adenovirus may require observation of the

culture over time to determine whether the effect progresses or

the cells appear to recover. Alternatively, cell-free passage of

the original culture onto fresh detector cells can be used to dif-

ferentiate these two apparently similar manifestations. The cy-

totoxicity associated with the structural proteins in the absence

of infectious virus would not be expected to pass to the secon-

dary culture.

Giemsa staining may optimize the ability of the operators to

visualize certain inclusion bodies (clusters of viral particles)

that are characteristic of viral cytopathic effect and is required

by 9 CFR 113.53 in assays used to demonstrate that bovine,

porcine, equine, and ovine raw materials are free of species-

specific viruses.

Detection of Hemagglutinating Viruses—A characteristic

of certain viruses (referred to as hemagglutinating viruses) is

that one or more of their viral proteins cause hemagglutination

of one or more types of erythrocytes. Hemagglutination is an

interaction between viral proteins or hemagglutinins and ery-

throcytes, leading to adhesion of the erythrocytes to surfaces,

cells, and each other. This property forms the basis of two end-

point procedures that are employed in cell-based viral infectiv-

ity assays: hemadsorption and hemagglutination.

Hemadsorption is performed by adding a suspension of one

or more erythrocyte types directly to the monolayer culture of

detector cells. If viral proteins of a hemagglutinating virus are

expressed from infected cell membranes, the susceptible ery-

throcytes will bind tightly to the cell membranes. Noninfected

cells do not display this binding; therefore, the technique can

be used to visualize a focus of infected cells against a back-

ground of uninfected cells. For this reason, this particular end-

point may display greater detection sensitivity than other assay

endpoints, such as cytopathic effect or hemagglutination. In

the advanced stages of infection, binding of erythrocytes to

cells, to each other, and to open plastic surfaces in the culture

vessel may be observed.

The hemagglutination procedure is performed on the condi-

tioned medium and is essentially an evaluation for free virus or

viral hemagglutinins in solution. An aliquot of the conditioned

medium from a detector culture is combined, in a microwell

plate having v-bottomed wells, with one or more types of er-
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ythrocytes. After an appropriate amount of time the plates are

evaluated. Absence of hemagglutination is reflected by a well-

defined pellet (button) of erythrocytes sedimenting to the bot-

tom of the well. In comparison, hemagglutination is reflected

by the absence of a button, or by a button with irregular shape.

Scoring the latter represents an opportunity for operator sub-

jectivity. In addition, this endpoint can be considered the least

sensitive in detection assays, because it is dependent on

achieving a sufficient concentration of viral hemagglutinins

in solution. For these reasons, hemadsorption is typically

viewed as the more useful and reliable of the techniques for

detecting hemagglutinating viruses.

The responses obtained in detection assays using hemad-

sorption and hemagglutination endpoints are highly dependent

on the virus being assayed, as well as on the types of erythro-

cytes used. Many of the viruses of concern to the biotechnol-

o g y i n d u s t r y do n o t c a u s e h emad s o r p t i o n a n d

hemagglutination, or their hemagglutinins react with red blood

cell types not commonly used in detection assays.

Detection by Immunofluorescent Antibody (IFA) Stain-

ing—Certain cell-based viral detection assays are intended to

detect specific viral entities and are required for raw materials

tests derived from bovine-, porcine-, equine-, and ovine-

derived materials (9 CFR 113-53). In order to achieve this,

the assays must be optimized with respect to host cell selec-

tion, study design, and sample preparation. Specificity of de-

tection is also conferred through use of IFA staining

techniques. Primary antisera or monoclonal antibodies direct-

ed against the viral antigens of interest are used, either in direct

staining applications or in conjunction with a fluorochrome-

conjugated secondary antiserum. The immunostained detector

cell monolayers are then visualized with an epifluorescence

microscope to reveal the presence of reactive infected cells.

Design of Cell-Based Viral Assays

VIRAL DETECTION ASSAYS

Detector cell cultures are seeded and allowed to incubate for

the appropriate amount of time. Viral samples may be inocu-

lated directly into the medium of the mitotic phase of cell cul-

ture, but more typically the medium is removed from the

overnight detector cell culture and is replaced with the test

sample. For the latter method, the test sample must therefore

be approximately isotonic, and cytotoxic agents such as selec-

tion agents must be maintained within levels tolerable to the

detector cell. For test samples comprised of live cells, the sam-

ple must be subjected to freeze-thaw before inoculation in or-

der to lyse the sample cells. If the cells are not lysed, a

cocultivation involving the detector and sample cells will re-

sult. (The latter is part of the design for cocultivation assays.)

The test sample is typically allowed to adsorb to the detector

cell monolayers for an appropriate amount of time. It is then

removed and replaced with the growth medium suitable for the

detector cell. Once inoculated, the detection assay involves in-

cubation of the detector cells for a prescribed amount of time,

with periodic refeeding as necessary. Endpoint evaluations as

described above are performed according to the study design.

Variations of the given procedure may be used for exposing

detector cells to raw materials. For raw materials, detector cell

exposure may consist of incorporation of the test materials into

the growth medium used to maintain the detector cells

throughout the assay.

VIRAL TITRATION ASSAYS

Viral titration assays are designed to generate quantitative

information about the virus of interest. These assays do not

quantify absolute numbers of viral particles; rather, the results

are expressed in terms of infectious units. An infectious unit is

the amount of virus required to establish a productive infec-

tion, and several categories of titration assays are used. They

vary on the basis of the endpoint used to demonstrate infection
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and include viral plaque titration or plaque-forming units

(units: PFU per mL); 50% tissue culture infectious dose (units:

TCID50 per mL); and 50% fluorescent antibody infectious dose

(units: FAID50 per mL). The amount of a hemagglutinating vi-

rus in a sample can also be expressed in terms of hemaggluti-

nating titer (units: endpoint dilution, i.e., the greatest dilution

of the sample which still results in a positive hemagglutina-

tion, or HA, response).

Regardless of the endpoint used, a typical titration assay de-

sign consists of a sequence of sample dilutions based on 0.5

log10 or log10 increments. The various dilutions of the sample

are then applied to an appropriate number of replicate permis-

sive detector cell monolayers. After a suitable incubation time,

the monolayers are scored directly for cytopathic effect

(TCID50 assay), fixed and processed for immunostaining and

scored for reactive cells (FAID50 assay), or overlaid with agar-

ose and processed for plaque generation. TCID50 and FAID50

titers are typically calculated using published formulas, such

as Spearman-Kärber and Reed-Muench. Assay controls for

such quantitative assessments should routinely include a refer-

ence ample of known potency.

Detection of Retroviruses

Retroviruses represent a special case for cell-based viral de-

tection assay because of the occurrence of retroviral infection

in the absence of responses to the typical endpoints discussed.

In order to detect retroviruses, scientists can employ a number

of different endpoints. A list of commonly employed indicator

cell lines and associated endpoints, and their application in ret-

rovirus detection assays, is provided in Table 4.

Table 4. Indicator (Detector) Cell Lines Used in Retrovirus Infectivity Testing

Cell Line Assay Type Endpoint(s)a Target Virus

SC-1/XC Isolation/direct detection Plaques (XC); R Ecotropic murine retrovirus

Balb/C Isolation Plaques (XC); R B-Tropic murine retrovirus

NIH/3T3 Isolation Plaques (XC); R N-Tropic murine retrovirus

Mink Lung Isolation RT; mink S+L- Xenotropic, amphotropic murine retrovirus

Mink S+L– Direct detection Foci Xenotropic, amphotropic murine retrovirus

Feline S+L– Direct detection Foci Xenotropic, amphotropic murine retrovirus, gib-

bon ape leukemia virus (GALV), and RD-114 fe-

line retrovirus

Mus dunni Isolation, cocultivation RT; S+L– Murine retroviruses and retroviruses infectious

to humans

QT6b Isolation, cocultivation RT Avian retroviruses

RD Isolation, cocultivation RT; S+L– Retroviruses infectious to humans

MRC-5 Isolation, cocultivation RT; S+L– Retroviruses infectious to humans

WI-38 Isolation, cocultivation RT; S+L– Retroviruses infectious to humans

293 Isolation, cocultivation RT; S+L– Retroviruses infectious to humans

A549 Isolation, cocultivation RT; S+L– Retroviruses infectious to humans
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Table 4. Indicator (Detector) Cell Lines Used in Retrovirus Infectivity Testing (Continued)

Raji Isolation, cocultivation RT Retroviruses infectious to humans

Human PBMC Isolation, cocultivation RT, HIV p24 EIA HIV and other human retroviruses

a The endpoint assays include the following: RT, reverse transcriptase; PERT, product enhanced reverse transcriptase (includes also the quan-
titative assay or Q-PERT); EIA, enzyme immunoassay.
b A quail cell; primary fibroblast cultures of chicken or turkey origin are also sometimes used.

Retroviral infection is dependent on the presence of recep-

tors on the host cell membranes. The presence of such recep-

tors confers host cell tropism.

DESIGN FOR INFECTIVITYASSAYS

Two types of infectivity assays are used, depending on the

nature of the test material. For materials other than intact cells

the test material is inoculated onto one or more of a variety of

detector cells, and the latter are then passaged as required to

amplify any virus present. Because of the nature of retroviral

replication, cytopathic effects typically do not occur during in-

fection, although there are some exceptions. Before the first

subculture and at the end of the final passage, one or more end-

point assays are employed to detect the presence of a virus. For

test materials in the form of intact cells, detector cells are seed-

ed and subsequently inoculated with the test cells, resulting in

a cocultivation. The cultures are passaged five or more times.

Before the first subculture and at the end of the final passage,

one or more endpoint assays are employed to detect the pres-

ence of a virus.

ENDPOINT ASSAYS FOR RETROVIRUS DETECTION

Endpoint assays may be classified as direct, which lead to

distinct morphological changes in the detector cells; or indi-

rect, as measured by the detection of biochemical, molecular,

or immunological markers for infection.

XC-Plaque Assay—The XC-plaque assay was developed

as a direct means of detecting infectious murine retroviruses.

Detection of the retrovirus is accomplished by UV-irradiating

the detector cells used to amplify the virus and overlaying the

irradiated detector cells with a specific rat cell (XC). The pres-

ence of infectious murine retroviruses in the detector cells is

reflected by the formation of distinctive syncytia in the XC

monolayer, which are easily visualized when the cultures are

fixed and stained with a suitable dye such as crystal violet.

The N/B tropism of an ecotropic murine virus may be deter-

mined by inoculating Balb/c and NIH Swiss detector cells

with the isolate, performing one or two passages on each cell

line, and comparing the XC-plaque titer post passage to that

determined for the initial isolate.

Mink and Feline S+L– Focus Assays—The S+L– focus

endpoint was developed to facilitate direct detection of infec-

tious murine xenotropic and amphotropic viruses. The test

sample may be inoculated directly into cultures of the S+L–

cells, or, alternatively, may be amplified first by inoculation

into mink lung, human, or Mus dunni detector cells. Cell-free

supernatants from the detector cell cultures are used to inocu-

late the S+L– cells. The latter are infected with a sarcoma virus

that is replication-defective, requiring the presence of a helper

leukemia virus to render it capable of causing transformation

of the host cell. The presence of infectious retrovirus virus in

the detector cultures is reflected by the formation of character-

istic focal areas of cell transformation in the S+L– cells caused

by the rescued sarcoma virus.

Detection of Retroviral Reverse Transcriptase—Assays

designed to measure reverse transcriptase (RT) activity are

useful as an indirect detection method, because the enzyme

is indicative of the presence of all retroviruses, whether infec-
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tious or not. The RT enzyme is encoded for in the retroviral

genome and is used by the virus to transcribe genetic informa-

tion in viral genomic RNA into proviral DNA.

Radiolabeled Nucleotide Incorporation Assay—The earliest

methods for measuring RTactivity were based on the measure-

ment of 32P- or 3H-labeled nucleotide incorporation into the

complementary cDNA product, using an appropriate RNA

template. Incorporation of radiolabeled nucleotide at levels

higher than a predetermined threshold is interpreted as evi-

dence of the presence of retroviral RT activity. The contribu-

tions of cellular DNA polymerases can be ruled out through

use of a dual template assay (having both RNA and DNA tem-

plates) or inclusion of activated calf thymus DNA.

Product-Enhanced Reverse Transcriptase (PERT) or Quan-

titative PERT (Q-PERT)—Polymerase chain reaction amplifi-

cation has been used to increase the sensitivity of RT activity

measurement. RT activity is detected by PCR amplification of

complementary DNA, newly synthesized from an RNA tem-

plate by reverse transcriptase. The assay may be performed

with a gel endpoint (PERT) or as a quantitative assay (Q-

PERT). This method has increasingly gained acceptance by

regulatory agencies. For more details on PCR-based tech-

niques, see the USP general information chapter Nucleic Acid

Based Techniques—Amplification h1127i.

Electron Microscopy—Transmission electron microscopy

(TEM) may be used to detect and enumerate viral particles

within cells. In addition, the technique allows for differentia-

tion of types A, B, C, and D retroviruses based on morpholog-

ical considerations and can be used to localize viral particles

within the cell. As a technique for identification of viruses (in-

cluding RNA and DNA viruses in general), TEM of sectioned

cells is extremely valuable. The cells, typically sampled dur-

ing the log phase of growth, are pelleted by low-speed centrif-

ugation, and the cell pellet is fixed with a suitable fixative. The

fixed cell pellet is embedded, sectioned, stained, and observed

with TEM. Size (diameter) of the particles, morphology, pres-

ence or absence of surface features such as envelopes and

spikes, and location within the cell can be determined with this

technique. Such information is important for the identification

of a virus. However, failure to observe viral particles with this

method does not conclusively demonstrate the lack of viral

contamination in the sample.

Biological fluids may also be evaluated by TEM, primarily

to determine particle concentration. The cell-free supernatant

is subjected to ultracentrifugation to pellet any virus present.

The resulting pellet is fixed with a suitable fixative. A prede-

termined number of grid spaces containing representative are-

as of thin sections of the pellet are evaluated for particles. The

results obtained may show a high degree of variability, and

failure to observe particles does not imply that none were pre-

sent in the sample. Molecular (quantitative PCR and quantita-

tive PERT) endpoints have also been used as alternative

methods for estimation of viral particle load in samples.

Antigen-Capture Enzyme Immunoassay—Specific viral

proteins (e.g., HIV p24 antigen or avian leucosis viral enve-

lope proteins) may be detected as a means of determining

the presence of a retrovirus. Viral antigens are captured by spe-

cific antibodies coated onto microtiter plate wells and are de-

tected by the addition of a second labeled antibody and

appropriate substrate.

Assays Designed to Detect Specific Viruses

Additional methodologies have been developed to allow de-

tection of specific viruses or groups of viruses. These types of

assays are often used for raw material evaluation. In some cas-

es, these specific assays were developed because the target vi-

ruses do not cause endpoint responses in the viral screening

assays. In contrast to screening assays, specific virus assays

are typically optimized for detection of the target virus or vi-

ruses. This optimization takes into account the lability of the

virus, the host range, the possible endpoint responses elicited,

and any special requirements of the target virus. The use of

well-characterized viruses as positive controls in such assays

provides assurance that the methodologies are suitable for the

target virus or viruses. Spiking of the test sample matrix with

the positive control virus enables the investigator to assess the
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potential for matrix interference and to assess the limit of de-

tection for the method. Such considerations are not applicable

to screening assays. Specific virus testing for bovine- and por-

cine-derived raw materials is discussed below. Evaluation of

caprine, ovine, equine, canine, and feline raw materials is also

stipulated in 9 CFR section 113.47. This section should be

consulted with respect to the viruses of concern, and 9 CFR

113.52 should be consulted for methodology. A list of com-

monly employed indicator cell lines and their application in

raw materials testing assays is provided in Table 2. A list of

commonly employed indicator cell lines and their application

in for detection of specific viruses is also provided (see Table

3).

Detection of Bovine Virus Contamination—Raw mate-

rials of bovine origin include such commonly employed me-

dium components as fetal bovine and calf serum, serum

albumin, collagen, thrombin, and trypsin. Each of these addi-

tives represents a route of entry for adventitious viral contam-

inants into a cell culture or manufacturing process.

Requirements for evaluation of such materials ensure the ab-

sence of contaminating viruses.

For the details on testing for bovine serum and its deriva-

tives, see future general chapter Bovine Serum h1024i.

Detection of Porcine Viral Contaminants—Rawmaterials

of porcine origin include trypsin as well as other cell culture

reagents. The specific porcine viruses of concern in the United

States are stipulated in 9 CFR 113.47 and include porcine par-

vovirus, porcine adenovirus, transmissible gastroenteritis vi-

rus, and porcine hemagglutinating encephalitis virus. In

addition, porcine raw materials must also be evaluated for

the presence of bovine viral diarrhea virus (BVDV), reovirus,

and rabies virus. Porcine tissues intended for xenotransplanta-

tion into humans also are routinely evaluated for the porcine

endogenous retrovirus (PERV).The host cells typically used in

the detection of porcine viruses are porcine testicle or porcine

kidney, a bovine cell, and Vero cells. The methodology de-

scribed in 9 CFR 113.52 is analogous to that for evaluation

of bovine raw materials and includes provision for multiple

subcultures, for Giemsa staining of fixed cells, for hemadsorp-

tion testing, and for use of specific immunostaining of fixed

cells.

Cell-Based Detection of Murine Minute Virus—Murine

minute virus (MMV) is a mouse parvovirus that has been de-

tected in biologics manufacturing involving Chinese hamster

cell substrates. As with other parvoviruses, MMV represents a

special case in that the virus is difficult to inactivate using typ-

ical cleaning agents and is capable of surviving for prolonged

periods of time on surfaces. Cell-based assays for MMV in-

volve detector cell lines that are especially susceptible to this

virus, such as 324K (a human cell) and A9 (a murine cell).

Optimization for detection of a parvovirus also includes pro-

vision for detector cell subcultures to remain in log-phase di-

vision for a significant portion of the incubation period.

Endpoints for detection of MMV include one or more of the

following: cytopathic effect, hemagglutination of mouse and

guinea pig erythrocytes, immunostaining, and polymerase

chain reaction.

Cell-Based Detection of Insect-Borne Viruses—Insect-

borne viruses include both viruses infectious only for insect

cells (e.g., baculovirus) and those transmitted to mammalian

cells via insect vectors (arboviruses). Detection of the former

may be accomplished using an insect cell as a detector cell.

Suitable substrates might include cells of Spodoptera, Tricho-

plusia, Drosophila, mosquito, or others of insect origin. Such

cells are typically cultured at lower temperatures (258 to 288)

relative to mammalian cells, and many of these cultures are

suspension or semiadherent at best. Endpoints may include cy-

topathic effect, electron microscopy, and PCR.

Of more relevance to patient safety is the detection of arbo-

viruses (insect-borne viruses infectious to animals and hu-

mans). This may be accomplished using a suitable

mammalian detector cell. The Syrian hamster kidney cell

(BHK-21) is one cell line that has shown susceptibility to a

wide range of arboviruses. This cell line grows in a monolayer

culture, and the endpoints that may be used include cytopathic

effect, hemadsorption and hemagglutination, and PCR.
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Cell-Based Detection of Human Cytomegalovirus—Hu-

man cytomegalovirus (CMV) is a slow-growing virus of spe-

cial concern for biologics produced using human cell

substrates. It may be detected in cell-based assays using hu-

man diploid detector cells such as WI-38 or MRC-5, provided

that sufficiently long durations of incubation are employed (28

or more days). The endpoints include cytopathic effects and

immunostaining and/or PCR.

IN VIVO METHODS

Intact and susceptible animals may serve as potential host

organisms for detecting viruses in test samples. In this case,

viral proliferation in the tissues of the host animal may be re-

flected in adverse health effects (including death) that can be

monitored and recorded. Viral detection assays based on intact

animals are intended to complement in vitro assays, because

some viruses that do not cause a response in the in vitro assays

may be detectable in the animal systems (and vice versa). Viral

safety studies employing live animals must be performed in

accordance with applicable regional guidelines for the ethical

use of animals, using laboratories that are accredited for the

housing of the animals.

In Vivo Viral Screen—The in vivo viral screen is used pri-

marily for cell bank, viral seed stock, and viral vaccine testing

and is considered to complement the in vitro virus screening

assay. The screening aspect of the cell-based in vitro assay is

conferred by use of multiple detector cells and multiple end-

points, and in a similar fashion, the in vivo virus assay is used.

Multiple animal species, as well as multiple injection routes,

are employed to provide a broad range of host tissues and pos-

sible responses. A list of commonly used host animals, routes

of inoculation, and target viruses are shown in Table 5.

Table 5. In Vivo Viral Screening Assays

Host Animal Route of Inoculation Target Virus

Suckling mouse Intraperitoneal injection Arboviruses

Intracranial injection Coxsackie A and B

Per os injection Herpes simplex Type 1 and 2

Togaviruses

Junin

Herpes B

Adult mouse Intraperitoneal injection Rhabdoviruses

Intracranial injection Togaviruses

Per os injection Lymphocytic choriomeningitis virus (LCMV)

Guinea pig Intraperitoneal injection Rhabdoviruses

Intracranial injection LCMV

Lassa

Junin

Marburg

Ebola

Vaccinia viruses
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Table 5. In Vivo Viral Screening Assays (Continued)

Host Animal Route of Inoculation Target Virus

Embryonated hens’ eggs Allantoic Arboviruses

Yolk sac Equine encephalomyelitis viruses

Chorio-allantoic membrane Herpes viruses

Influenza

Mumps

Newcastle disease

Parainfluenza Types 1 and 2

Rabies

Vaccinia

Variola

Lymphogranuloma venereum

Ornithosis

Following injection of the test sample, each animal model is

monitored for an appropriate period of time that allows for the

observation of clinical signs of viral infection. Any abnormal-

ity is investigated to determine the cause of the effect.

The suckling mice are observed for an appropriate period of

time. Pooled homogenates from any surviving animals are

then passaged into additional litters of suckling mice. The lat-

ter are observed for an additional period of time.

The guinea pigs are observed for clinical signs of viral in-

fection and for injection site lesions. Necropsy for gross tuber-

cular lesions is performed for certain types of test samples.

Allantoic fluids from eggs can be tested for hemagglutina-

tion of chicken, guinea pig, and human type-O erythrocytes.

Additional fluids are pooled for each treatment group (test ar-

ticle and control), and these are passaged (inoculated) into a

new group of embryonated eggs. Following an appropriate in-

cubation period (typically measured in days), the allantoic flu-

ids are again tested for hemagglutination of chicken, guinea

pig, and human type-O erythrocytes. Following injection by

the yolk sac route, the eggs are incubated for at least 9 days

and are assessed for viability. The yolk sacs are then harvested

and pooled for each group (test article and control), and a 10%

solution of the resulting material is inoculated by the same

route into a new group of embryonated eggs. The eggs are

again incubated for an appropriate period of time (days) and

are assessed for viability.

IN VIVO ASSAYS INTENDED TO DETECT SPECIFIC VIRUSES

Some in vivo assays are designed to detect, if not specific

viruses, at least specific sets of viruses. The antibody produc-

tion assays use the production of a humoral immune response

in susceptible host animals inoculated with test samples. Viral

antibody-free animals of the various species are injected with

the test sample. At the end of an appropriate incubation period,

one or more of a variety of endpoint assays may be performed

to detect the generation of a humoral antibody response in the

animal sera. Production in the animal of antibodies directed

against a specific virus provides evidence of the presence of

viral antigen or infectious virus in the test sample. This type

of assay is typically used to ensure that rodent cell banks and

viral seed stocks are free of adventitious viruses. Three anti-

body production assays, along with the route of injection

and target viruses, are summarized in Table 6.
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Table 6. In Vivo Antibody Production Assays

Antibody Production Assay Route of Injection Target Virus

Mouse antibody production (MAP) assay Intranasal Ectromelia

Intraperitoneal Hantaan

Intracranial Mouse K

Lactate dehydrogenase elevating virus

Lymphocytic choriomeningitis virus (LCMV)*

Murine minute virus

Mouse adenovirus

Mouse cytomegalovirus

Mouse encephalomyelitis virus type II

Mouse hepatitis virus

Epizootic diarrhea of infant mice

Pneumonia virus of mice

Polyomavirus

Reovirus type 3

Sendai

Mouse thymic virus

Hamster antibody production (HAP) assay Intranasal Lymphocytic choriomeningitis virus (LCMV)*

Intraperitoneal Polyomavirus

Intracranial Reovirus Type 3

Sendai

Simian virus 5

Rat antibody production (RAP) assay Intranasal Hantaan

Intraperitoneal Kilham rat virus

Intracranial Mouse encephalomyelitis virus type II

Polyomavirus

Reovirus type 3

Sendai

Toolan’s H1 virus

Rat coronavirus/sialodacryoadenitis virus

* A group of test sample–injected mice is challenged with a known lethal dose of authentic LCMV. If this group of mice does not die from the
challenge dose, a second group with twice the number of mice is used for a repeat challenge. If there are survivors in this group, the test sample is
considered positive for LCMV.
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Considerations for Validation, Matrix Qualification, and

Quality Control of Cell- and Animal-Based Test Systems

Viral detection assays used to ensure the viral safety of hu-

man and animal therapeutics are expected to have undergone

validation. The approach to the validation depends on the na-

ture of the assay and associated regulatory compliance level.

Any assay should be sufficiently developed that it can be

performed with an appropriate set of predetermined system

suitability and acceptance criteria. These criteria usually in-

clude the use of relevant negative and positive controls but

may also include requirements for linearity and meeting of a

predetermined detection limit. The results constituting a posi-

tive or negative response in the assay should be established

prior to execution of the validation. An assay used under

GMP compliance is expected to have been validated according

to appropriate guidelines.

An assay used to ensure the safety of a commercially mar-

keted biological product must be further characterized for suit-

ability in the presence of the specific product matrix. The

matrix qualification study should address the potential for spe-

cific interference with the viral detection endpoints used in the

assay, and typically involves spiking of one or more model vi-

ruses into the product matrix at levels approaching the limit of

detection to ensure the absence of interference.

For quantitative detection assays, the detection limit should

be probed. This usually involves spiking of the model

virus(es) at decreasing amounts into medium or the product

matrix. The lowest spiking level of the virus reliably detected

is used as an approximation of the actual limit of detection of

the assay. Experimental error for these cell culture-based as-

says is usually expected to be in the range of 0.5 to 1 log10.

The determination of a detection limit is less meaningful for

limit tests and viral screening assays in general. For the latter,

knowledge of the detection limit for one virus does not imply a

similar limit for another virus. Since screening assays are not

optimized for a specific virus, the limit of detection for the as-

say can vary greatly from one virus to another.

Animal-based viral detection systems are generally not sub-

ject to the requirements for validation, matrix qualification,

use of positive controls, and determination of detection limit

that regulatory agencies expect of cell-based and biochemical

tests. The use of animals for safety testing is subject to the re-

gional guidelines for the ethical use of animals, and the kinds

of activities listed above generally are not considered appro-

priate use of animals. However, negative control animals are

included in these assays, and retrospective validation or gap

analysis based on historic incidence of system suitability fail-

ures or positive findings is sometimes possible.

DETECTION OF VIRAL COMPONENTS

Direct detection of viral components can provide a direct

measurement of viral levels in a sample preparation. It has also

become primarily important for detection or identification of

viruses in biological products or in the raw materials used in

their manufacture. Systems capable of identifying components

unique to specific phases associated with viral latency and rep-

lication are now available. During interaction with their host

cells, viruses may incorporate modified host molecules during

the production of new intact virus particles, or they may in-

duce discernable changes in host cell makeup or function.

Most immunological methods and reagents currently avail-

able detect the constituents of intact virions. It is the relative

abundance of these proteins that makes them most amenable

to the development of antibody-based reagents. Abundance

also makes them optimal targets for detection of the virus. Re-

cently developed targeting and detection reagents are aimed at

minor viral components that may be found only during specif-

ic phases of replication. These allow a more detailed analysis

of the stage of viral infection. The basic methodology for the
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detection of viral antigens is well established, but more recent

innovations in materials and reagent development have broad-

ened its application.

Developments in the targeting and detection of viral nucleic

acid components have led to enzyme-based systems for the

amplification of nucleic acids in vitro and in situ (see Nucleic

Acid-Based Techniques—Amplification h1127i). The potential

specificity of this detection method allows the examination of

biological systems with a high degree of confidence for the

presence or absence of a specific targeted virus. Awide variety

of reagents, technology platforms, and methodologies are

available. The aim of this section is to elaborate on the most

common practices and platforms used in the detection of viral

components.

Sample Selection and Preparation for the Detection of

Viral Components

This subsection addresses general considerations for various

types of test samples and the most common assay targets (viral

proteins and nucleic acids). The target proteins may have vary-

ing levels of posttranslational modification (e.g., glycosyla-

tion, phosphorylation), and the target nucleic acids may be

either RNA or DNA, single or double stranded. Therefore, it

is important to have a basic understanding of the physico-

chemical nature of the virus under study so that the sample

handling procedures support the detection of the target compo-

nent. For detailed considerations regarding the extraction of

nucleic acids, see the USP general information chapter Nucleic

Acid-Based Techniques—Extraction, Detection, and Sequenc-

ing h1126i.

Types of Samples

Cellular—When viral components are associated with in-

tact cells, samples must be generated either as whole cell ly-

sates or as subcellular fractions. Maintaining the temperature

of the test samples at or near freezing (08 to 48) during proces-

sing and limiting the time that samples are held in an unfrozen

state will reduce the potential for loss of target antigens and

nucleic acids due to cytosolic enzymes (proteases, nucleases)

present in the cell lysates. Reagents that can inactivate or limit

the activity of such enzymes may be used to prevent degrada-

tion of the target components, especially when exceptionally

labile samples must be handled at room temperature. Centrif-

ugation of intact cells allows for some additional manipulation

of the sample matrix. The growth medium can be discarded

and the cells suspended in a buffer formulated to enhance

the recovery and detection of the targeted viral component.

Collection and storage parameters should also account for

the presence of cellular DNA. This can increase the viscosity

of the sample, rendering it difficult to pipet.

Tissue Culture Supernatant—Depending on the stage of

the infection and the type of virus involved, the conditioned

medium may represent a preferred test sample. An advantage

is that the presence of cellular debris can usually be reduced

through use of a low-speed centrifugation (clarification) step.

The main disadvantage is the potentially low concentration of

the analyte, and therefore concentration of the sample may be

required.

Process Intermediate (Unprocessed Bulk Harvest)—In

general, viral safety lot release testing is done at the bulk har-

vest stage prior to any purification. This is true regardless of

whether the assay detects infectious virus or viral components.

The presence of host cell DNA may need to be assessed in the

case of biologics manufactured in animal cells.

Sample Stability and Matrix Effect

Sample stability is a key element in the successful detection

of viral components. Protein structure can be altered by nu-

merous environmental factors, including pH, ionic strength,

solvents, detergents, temperature, and free radicals. In addi-

tion, complex biological matrices frequently contain proteoly-

tic enzymes that can alter or destroy key antigenic features of a
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protein or peptide. Sample collection, storage, and handling

must allow maintenance of the antigenic features targeted by

reagent antibodies.

Conformational changes affecting the opportunity for anti-

gen detection are difficult to address. Depending on the re-

agents required for detection, conformational changes may

be required for antigen detection. For example, if antibodies

are produced for an antigen detection system using native viral

antigen, then unmasking and maintaining the conformation of

the antigen throughout the sample preparation is essential.

Conversely, if peptide fragments are used to produce antibody,

then a denaturation step may be required to allow for effective

antigen detection.

Conditions associated with sample preparation must be in-

vestigated in a combinatorial fashion whereby one parameter

or component is varied while all others remain fixed. In this

way, the formulation of lysis and processing buffers can be op-

timized for pH, ionic strength, and types of detergents and de-

naturants. The sample preparation steps must condition the

targeted antigen in order to obtain the form most readily recog-

nized by the reagent antibody.

The stability of nucleic acids in test samples is largely af-

fected by nuclease activities present in the sample and the de-

gree of protection provided by the intact structure of the virus

particle. Encapsidated nucleic acids are particularly stable as

long as the integrity of the capsid is maintained. Viral capsids

are vulnerable to proteolytic digestion. Virus particles stored at

ambient temperature as part of a complex biological matrix are

especially susceptible to degradation by proteases. Storage at

refrigerated temperatures (28 to 88) for short periods of time or

at temperatures below freezing can be used to limit proteolytic

activity. When samples are stored at frozen temperatures,

freeze-thaw cycles should be limited. Under conditions where

an individual sample must be accessed multiple times, prepa-

ration of aliquots is advisable.

Sample Collection—In a biotechnology setting, sample

collection is dictated by sampling plans that are established

to meet regulatory requirements. Nucleic acid testing in asso-

ciation with an amplification step has the potential of detecting

a virus at the earlier stages of infection. The use of nucleic acid

amplification methods reduces the dependence on timing and

the amount of material required, because the amplification

process effectively boosts assay sensitivity by increasing the

amount of target relative to background.

General aspects of nucleic acid sample preparation and sta-

bility are discussed in Nucleic Acid-Based Techniques—Ex-

traction, Detection, and Sequencing h1126i. The following

section specifically addresses the unique aspects of viral sam-

ple selection and preparations.

Sample Storage—Conditions for sample storage should be

consistent with maintaining the antigenic properties of target-

ed viral proteins and/or preserving the nucleic acid content of

the sample. The duration and temperature of storage is dictated

also by cycle times associated with testing.

Immune Complex Disruption—The masking of antigen

epitopes may occur when other proteins associate at or near

the epitope targeted by reagent antibodies. For viral antigens

this may occur when the antigen comprises the structural com-

ponent of the virus. Such viral antigens are likely to retain

strong affinities for other viral proteins or the ability to exist

in multimeric form under normal conditions for detection. An-

other obstacle for epitope recognition is the naturally occur-

ring immune complex when reagent antibodies have been

developed to detect native protein in a blood plasma matrix.

Immune complexes consisting of viral antigens and host anti-

bodies are normal in such physiologic samples. The stronger

the host immune response, the more likely masking of antigen

due to immune complex formation will occur. Methods aimed

at the preparation of blood and plasma samples for detection

should address the presence of preexisting immune complexes

and incorporate steps designed to disrupt such complexes to

improve the opportunity for viral antigen detection.
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Detection of Viral Antigens

Viral capsid proteins are common targets for antigenic de-

tection methods. Structural proteins that make up the frame-

work of the viral core are often some of the most abundant

viral proteins produced during viral replication. In nonenve-

loped viruses, the core structural proteins are likely to provide

the dominant antigenic features. When the virus is enveloped,

proteins associated with the envelope often provide key anti-

genic features. This section examines methods commonly

used to detect viral antigens and addresses considerations

aimed at optimizing formation of the appropriate immune

complex.

ASSAYS USED FOR THE DETECTION OF VIRAL ANTIGENS

Immunologic methodologies used to detect viral antigens

are based on the specificity and affinity of the antibody and

viral antigen interaction. Of the various platforms available,

one commonly employed in viral safety testing is immuno-

fluorescent antibody staining. This lends some degree of viral

specificity to the cell-based methods described in the first part

of this chapter. Other techniques include enzyme-linked im-

munosorbent assay (ELISA), radioimmunoassay, and Western

blotting. The principles and general methods for these assays

will be described in the USP general information chapters Im-

munological Test Methods—General Considerations h1102i,

Immunological Test Methods—Reagent Development h1103i,

Immunological Test Methods—Immunoassay Methodogies

h1104i, and Immunological Test Methods—Assay Design,

Quality Control, and Data Analysis h1105i, being prepared

for future publication. The following sections will generally

address aspects specific to their use in virology.

Immunofluorescence Assay—The immunofluorescence

assay (also referred to as immunofluorescent antibody stain-

ing) is used to detect viral proteins expressed in various cellu-

lar compartments. Since the technique can detect viral

antigens within single cells, it confers a high degree of sensi-

tivity and enables infection to be detected at a very early stage.

The technique is often employed as a detection endpoint for

cell-based viral infectivity assays to provide additional sensi-

tivity and specificity (see tests for raw materials as described in

9 CFR 113.53). In addition, the technique is employed for ver-

ifying the identity of viral stocks and is useful as a means of

identifying viruses detected in viral screening assays.

Enzyme-Linked Immunosorbent Assay (ELISA)—ELI-

SA is best suited for detection of soluble antibodies and anti-

gens in a variety of test samples. Sensitivity, quantification,

robustness, ease of experimentation, and readily available in-

expensive reagents make it adaptable to a high throughput en-

vironment. For viral antigen detection, a sandwich ELISA

assay is commonly used. A viral antigen specific antibody

(preferably a monoclonal antibody with high affinity) is first

immobilized onto a solid phase. The test sample is then incu-

bated for a predetermined period under appropriate conditions.

After washing, a second antibody that recognizes the viral an-

tigen is incubated. The second antibody is linked to either an

enzyme or a chromomeric reagent that emits signal with an

appropriate substrate and can be recorded with an appropriate

instrument. The assay can be performed in a qualitative or a

quantitative manner. For a qualitative ELISA assay, sufficient

replicates of both positive and negative control samples are re-

quired in order to determine the appropriate cut-off value and

the assay acceptance criteria. A mean value of a test sample

that is equal to or greater than the cut-off value is considered

positive. For a quantitative ELISA assay, an additional stan-

dard curve with a positive reference standard material of

known quantity must be established. The number of replicates

should be adequate to determine the assay variation and linear-

ity. The quantity of test sample can be calculated against the

standard curve.

Radioimmunoassay (RIA)—The radioimmunoassay is a

versatile quantitative immunoassay that can be used to detect

substances including viral antigens and antibodies. It even can

be applied to nonprotein molecules as long as an antibody that

specifically binds the test substance is available. Radioimmu-

noassays can be customized in different formats to suit specific
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test requirements. Many of the considerations taken into ac-

count with other immunological assays are applicable to the

RIA. In general, radioimmunoassays can be divided into two

major categories: solution (homologous) and solid-phase

radioimmunoassays. Both methods have been successfully

used to detect and quantify a variety of viral antigens or com-

ponents of viruses, such as hepatitis A, B, and C; human and

murine retroviruses; adenovirus; avian C-type virus; rubella

virus; and respiratory syncytial virus.

Western Blotting (Immunobloting)—Western blotting,

also known as immunoblotting, is used to identify specific an-

tigens in the presence of other, potentially cross-reactive anti-

gens. This method may be used when the antibody available is

not specific to the antigen of interest. In this case, the specific-

ity required is obtained by combining the antigen-antibody re-

a c t i on w i t h some fo rm of s epa r a t i on ( t yp i c a l l y

electrophoresis). Depending on the visualization methods em-

ployed (including digital methods such as densitometry), this

method can be quite sensitive and even semiquantitative. One

advantage of this approach is that in addition to detecting the

antigen using an immunological approach, data on the approx-

imate mass of the target protein may be obtained. A potential

caveat is that most test proteins are denatured during this pro-

cedure and that antibody that depends on epitope conforma-

tion may not recognize the linear epitopes.

DETECTION OF VIRAL NUCLEIC ACIDS

The detection of viral nucleic acids provides another route

for the determination of viral loads and for establishing the

identity of a contaminant. Nucleic acids, like protein antigens,

are essential components of viruses, and detectable quantities

are usually indicative of viral presence. Detection assays can

be designed and developed in some cases to parse viremia into

phases, especially when the differentiation of nucleic acids

along functional forms and configurations can provide clear

insight into viral activity. Assays can be designed to determine

whether viral DNA has been integrated into the host genome

or still is encapsidated. Early viremia may be detected as viral

mRNA transcripts prior to the accumulation of detectable viral

particles. Nucleic acids may be the only detectable viral com-

ponent of viruses that do not replicate well in tissue culture

systems. Such systems may fail to produce mature virus par-

ticles, but the detection of viral transcripts can provide insight

into whether the virus has the ability to infect the cell. Nucleic

acid testing represents the most useful endpoint for the detec-

tion of certain viruses failing to cause responses using typical

endpoints.

SAMPLE PREPARATION: SPECIAL CONSIDERATIONS FOR

NUCLEIC ACID TESTING

The degradation of nucleic acids in samples can be limited

through proper handling and storage practices and even en-

hanced by closely linking sample collection and preparation

steps. In addition to preparing nucleic acids for further proces-

sing, denaturation is an important step toward stabilizing nu-

cleic acids where storage temperatures extend above 08.

Denaturation and Dissociation of Virions (Viral Lysis)—

Chaotropic detergents and salts can be important agents for

disrupting and removing viral proteins that make up the viral

capsid. Their addition can provide a useful first step when con-

centration of virions is not necessary or even possible. In suf-

ficient quantity they rapidly denature the entire contents of a

biological sample, essentially fixing nucleic acid content

through the inactivation of nucleases and other proteins that

may affect sample stability. Saturated solutions containing

guanidium salts, such as guanidine hydrochloride or guanidine

isothiocyanate, are commonly used for the dissociation of viral

nucleic acids from protein components. These solutions may

be used alone or in combination with ionic detergents and oth-

er denaturants such as phenol. The main advantage of guani-

dinium salts is that they are readily removed during the

concentration of viral nucleic acids using ethanol or isopropa-

nol. Urea may also be used as a mild denaturing agent, al-

though it does not perform as effectively as guanidine in its

ability to disrupt virus particles.
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Deproteinization—The removal of proteins during the pro-

cessing of samples for the detection of viral nucleic acids is

helpful in ensuring the reproducibility and robustness of as-

says, particularly those that rely on amplification to detect ex-

ceptionally low quantities of nucleic acids. Several strategies

may be used to facilitate deproteinization of the sample; they

are discussed in Nucleic Acid-Based Techniques—Extraction,

Detection, and Sequencing h1126i.

Recovery of Viral Nucleic Acids—Separation and recov-

ery of extracted viral nucleic acid are important steps in the

testing of nucleic acids. Nucleic acid yield and purity obtained

at this step are critical determinants of assay robustness. Poor

nucleic acid recovery and limited purification may inhibit am-

plification and detection reaction resulting in poor assay sen-

sitivity. The development of high-yield, high-purity recovery

steps is an important goal in the optimization of nucleic acid

detection methods. Details on the general aspects of extraction

and detection of nucleic acids are discussed in Nucleic Acid-

Based Techniques—Extraction, Detection, and Sequencing

h1126i. However, if no inhibitory components are identified

in the system, direct testing on an aliquot of a sample may in-

crease the assay sensitivity.

Isolation of Viral DNA—Integrated viral genomes must be

recovered and processed along with the genome of the host

cell. The viral genome is analyzed within the context of the

host genome, and therefore similarities between virus and host

genomes must be accounted for to ensure that assay results are

specific for the virus and do not simply reflect the presence of

cross-reacting host genome sequences. Viral genomes that ex-

ist as episomal entities require similar consideration, but there

may be opportunities during sample preparation to limit the

amount of host nucleic acid present in the preparation. Sedi-

mentation gradients or silica-based separation chromatogra-

phy can sometimes be used to enrich episomal nucleic acids

through size-related exclusion or partitioning of processed nu-

cleic acids.

The recovery of encapsidated viral genomes may allow for

larger amounts of material, especially if the target virus has

accumulated in large quantities in the system being monitored.

When the amount of material available for recovery is low or

the processing of large amounts of the material is impractical,

the process of isolating and conditioning the virus particles,

and subsequently the encapsidated genome, must be compat-

ible with the assay system that will be used. Portions of the

viral genome may need to be amplified, or the genome itself

may be captured in an elaborate process that allows detection

through the generation of an amplified signal. A standard

method for isolating viral genomes may need to be modified

appropriately to ensure that materials used in the preparation

do not interfere with steps conducted later in the process.

Viral genomes that consist of RNA are typically converted

to a DNA intermediate that is easier to handle and store. Meth-

ods aimed at the isolation of viral genomes consisting of RNA,

however, require similar considerations concerning the local-

ization of the genome: replicating RNAviral genomes may be

recovered as part of a preparation of host total RNA or even

mRNA if the genome contains polyA sequences. RNA lends

itself more effectively to hybrid capture methods during isola-

tion, and hybrid capture can be used to enrich RNA prepara-

tions specifically for RNA viral genomes. RNA genomes can

be extracted from virus particles in much the way that DNA

viral genomes are extracted. RNA genomes are converted to

complementary (cDNA) sequences using retroviral RT. Stor-

age is of greater concern for naked viral RNAs. Storage of

RNA usually requires temperatures below –208.

DETECTION OF VIRAL GENOME VERSUS VIRAL TRANSCRIPTS

Viral genomes exist as either DNA or RNA, or sometimes

both: in the case of retroviruses the integrated genome is

DNA, whereas the encapsidated form is RNA. The ability to

differentiate among the various forms of viral nucleic acids

can help to elucidate the course of specific viral infections. As-

says for nucleic acid activity can differentiate readily between

integrated and encapsidated genomes when the form of the vi-
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ral nucleic acid varies between states, as in the case of retro-

viruses. Incorporation of specific nucleases into the assay

methodology can be used to reduce or eliminate one form over

the other. If viral genomes are known to integrate at specific

sites within the host genome, primers and probes can be devel-

oped around the integration site and incorporate significant el-

ements of both host and viral genomes. Some viral mRNAs

contain splice sites, and the differentiation of spliced nucleic

acid sequences from unspliced sequences creates a unique

mechanism for determining the status of nucleic acid localiza-

tion and infection.

Characterization of DNA Viral Genomes—Methods for

the recovery and preparation of viral genomes for characteri-

zation depend on the state of the viral genome. If the genome

has been incorporated into a cellular compartment, the recov-

ery and preparation strategy must take into account the cellular

components that make up the sample matrix. If the viral ge-

nome targeted for analysis is the encapsidated form, the meth-

ods must focus on recovery of the virus particle and must

include additional steps aimed at extracting the nucleic acid

from the individual particles. Identification and characteriza-

tion of viral genomes require specific complementary nucleic

acid probes and primers whose sequence will be dictated by

available information about the sequence of the targeted viral

nucleic acids and the type of assay that will be used. Determi-

nation of the sequence of the viral nucleic acid of interest us-

ua l ly prov ides the mos t unambiguous means fo r

characterization. However, a number of methods can be used

as simple indicators for the presence or absence of specific se-

quence-based characteristics. For example, melting curve pro-

files using short oligonucleotide sequences can be used to

establish whether a specific viral genotype is present.

Identification and Genotype Analysis—Nucleic acid test-

ing is often used to identify viral isolates obtained from viral

screening assays or to provide identity for viral stocks. Meth-

ods used for the identification of viral genomes are not unique

to other applications in the field of molecular biology. Typical-

ly, an amplification step is required in order to achieve quan-

tities for analysis. Amplified sequencing of the amplicons or

application of a standard hybridization technique may be em-

ployed for more detail as to the nature of the amplified signal.

For more details, refer to Nucleic Acid-Based Techniques—

Amplification h1127i.

Hybridization Techniques—A variety of hybridization

techniques are used to detect viral nucleic acid sequences, in-

cluding Southern blot, Northern blot, DNAse/RNase protec-

tion, in situ hybridization, microarray technology, and other

techniques. The description of these methods, which is well

beyond the scope of this chapter, can be found in Nucleic Ac-

id-Based Techniques—Extraction, Detection, and Sequencing

h1126i.

DETECTION OFANTIBODIES TO VIRAL ANTIGENS

A variety of methods are available for detection and quanti-

fication of antibodies to viral agents, including neutralization,

complement fixation, and immunoassays based on enzyme- or

fluorescently labeled reagents. Although many details of the

immunological methods mentioned above are beyond the

scope of the chapter, this section addresses specific application

aspects of viral antibody detection, including preparation and

storage of test samples, common assay methods and platforms

available, and specific examples of how these assays may be

used to measure antibodies to specific viral agents.

Viral Structure Relative to Antigenic Composition and

Selection of Antibody Assay

Mammalian viruses vary considerably in their nucleic acid

content and thus the number of antigenic, virus-specific pro-

teins produced.

Many viral proteins or glycoproteins are highly antigenic

and induce a potent humoral immune response during natural

infection, whether in humans or in animal models. In most cas-

es, the immune system responds when the virus and its anti-

gens appear in the extracellular fluid or on the infected cell

membranes. The degree to which viral antigens are expressed
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is governed by the intracellular replication and protein synthe-

sis of viruses in host organ tissues and by the several possible

types of virus–host cell interaction. Antibodies produced as a

result of natural viral infection are likely to represent the

broadest response to antigens in their native state.

When selecting, developing, or evaluating an assay method

for measurement of antibodies to viral proteins, the analyst

must take into account the source of the antibodies and the

method by which they were obtained or prepared. See details

in Immunological Test Methods—Reagent Development

h1103i and Immunological Test Methods—Immunoassay

Methodologies h1104i.

General Considerations Regarding Sample Preparation

for Antibody Detection of Viral Antigens

Antibodies are relatively stable, but care must be taken to

ensure the integrity of the test antibodies during sample prep-

aration and storage. Serologic tests may be developed to mea-

sure antibodies to viral agents in unfractionated biological

fluids. The possibility for matrix interference with the anti-

body detection method should be considered.

In general, biological test samples should be clarified by

centrifugation or filtration, depending on their intended use.

Serum samples should not be hemolyzed, lipemic, or icteric.

In some cases the specimen should also be heat-treated to in-

activate endogenous complement and other components.

Test samples should be processed as soon as possible. When

it is necessary to store samples, most test samples should be

stored at –208 for short-term storage and below –808 for

long-term storage. For all samples, the stability of the material

needs to be assessed experimentally. Aliquots of appropriate

volume should be prepared in accordance with test procedures

to avoid unnecessary freeze-thaw cycles.

Antibody Methods

This section discusses the primary methods for detecting an-

tibodies directed against viral antigens. The assay methods of-

ten include a variety of alternative formats for the detection of

antibody. Only the more commonly used formats for antibody

detection are discussed in this section. Some methods, includ-

ing fluorescent antibody assays and enzyme immunoassays,

are widely applicable to the detection of antibodies to many

different viral agents; others are limited to selected viruses

having certain properties (e.g., hemagglutinins).

IMMUNOFLUORESCENCE MICROSCOPY FOR ANTIBODY

DETECTION

When fluorescein isothiocyanate (FITC) is chemically cou-

pled to an antibody molecule, the resulting FITC-labeled an-

tibody can be used as a secondary antibody probe to detect the

presence of a primary, virus-specific antibody bound to a vi-

rus-infected cell on a microscope slide (indirect immunofluor-

escence).

The indirect immunofluorescence or indirect fluorescent an-

tibody (IFA) assay is one of the most basic and useful methods

for detection of antibodies to viruses. The assay can be used to

detect both virus-specific IgG- and IgM-class antibodies.

When the assay is used to detect IgM antibodies, it usually re-

quires the physical removal or inactivation/binding of IgG-

class antibodies. In the absence of this step, the presence of

IgM-specific antibody may be masked by excess IgG-specific

antibody competing for primary binding sites on the substrate

surface. IFA assays may be qualitative or quantitative.

The IFA for antibody to viral agents requires the use of vi-

rus-infected cells expressing viral antigens in cellular mem-

branes. Viral stocks are prepared, titered, and used to infect

permissive cells in tissue culture. The cells are harvested at ap-

propriate times, washed, and spotted onto multiwell micro-

scope slides at an appropriate density. Control slides are also

prepared with noninfected cells. The slides are allowed to air-

dry and then fixed in cold acetone. The fixed slides can then be
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stored under appropriate conditions for extended time periods.

The stability of the viral antigens over time should be con-

firmed.

The test article to be examined for the presence of virus-spe-

cific antibodies can be applied to the slide, followed by an ap-

propriate secondary antibody conjugated with a fluorescent

tag that can be visualized under a fluorescent microscope.

IgG- or IgM-specific antibodies can be distinguished by using

the appropriately prepared secondary antibody.

Reading and correctly interpreting endpoints of IFA slides

for antibody detection requires an experienced analyst, partic-

ularly when cellular location and fluorescent-staining patterns

are critical for a specific virus. Such interpretation requires the

use of appropriate controls and scoring or intensity of fluores-

cence. This is highly dependent on the quality of reagents, the

consistency of the fluorescent microscopy and light source be-

ing used, and the experience of the analyst.

ENZYME IMMUNOASSAY FOR ANTIBODY DETECTION

The EIA and variations of it are the most widely used meth-

ods for the detection of viral antibodies in serum and other bi-

ological products. The most commonly used EIA for antibody

detection is referred to as a noncompetitive solid phase EIA

for antibody detection. The typical configuration of an EIA

for antibody involves coating tubes or microwell plates with

viral antigen(s), the addition of test serum or product to the

tubes or wells, the binding of specific antibody in serum of

product to antigen, and the detection of bound antibody by ad-

dition of a second antibody with binding affinity to the pri-

mary antibody, which is labeled to allow for its detection.

The assays can be specific to IgG- or IgM- class antibody or

may detect total antibody. Assays for IgM may achieve im-

proved specificity when performed as IgM-capture assays.

These assays involve the use of plates or wells coated with an-

ti-IgM antibody to capture total IgM in serum or product as a

first step. Subsequently, viral antigen is added; it binds to the

plate only if virus-specific IgM antibody has initially been cap-

tured, and it is detected by addition of a second labeled anti-

body specific to viral antigen. The assay is most often

performed as a qualitative measure of the presence of an anti-

body for a specific virus. Sufficient replicates of both positive

and negative control samples are required in order to deter-

mine the appropriate cut-off value and the assay acceptance

criteria. A mean value of a test sample equal to or greater than

the cut-off value is considered positive.

COMPLEMENT FIXATION TEST

Complement fixation has selective value in allowing for si-

multaneous assay of antibodies to a wide variety of viral

agents. The procedure involves multiple variables consisting

of two pairs of antigen–antibody reactions. The first reaction,

between a known virus antigen and a specific antibody in the

test sample, takes place in the presence of a predetermined

amount of exogenous complement. The complement is re-

moved by the antigen–antibody complex. The second anti-

gen–antibody reaction consists of sheep red blood cells

(SRBCs) and hemolysin (antibody against SRBC). When this

indicator system is added to the reaction mixture, the sensi-

tized SRBCs will lyse only in the presence of free comple-

ment. The extent of lysis of SRBCs is inversely correlated

with the amount of the antibody in the test article.

The experimental procedure involves the optimal titration of

concentrations of hemolytic serum, complement, and viral an-

tigen, using chessboard format. If used as the test sample, hu-

man serum should be inactivated at 568 for 30 minutes to

inactivate the endogenous complement activity. A number of

important controls must be run along with the test, and results

must be within limits before the test can be properly interpret-

ed. These include the sensitivity of SRBCs to lysis and com-

plement concentration used. The relative amount of virus-

specific antibody present can be determined by testing serial

dilutions of the serum or product. The complement-fixing titer

is the reciprocal of the highest dilution that prevents 50% he-

molysis.

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] 415

# 2008 The United States Pharmacopeial Convention All Rights Reserved.



NEUTRALIZATION FOR ANTIBODY DETECTION

Neutralization for the measurement of antibodies to viral

agents is still one of the most valuable assays available be-

cause of its high specificity and its ability to detect neutralizing

antibodies. Neutralization is defined as the loss of viral infec-

tivity through the binding of specific antibodies to viral coat

proteins (or envelope glycoproteins) on the surface of the in-

fectious viral particle. The assay may be used to measure the

presence of antibodies to a known virus in a serum or product

sample, or conversely to identify an unknown virus by using a

serum or product sample containing known antibodies.

Before performing a neutralization assay to measure the

presence of antibodies in serum or product, a known virus

must first be grown and titrated in the test system in which

the neutralization assay will be performed. For viruses pre-

pared in cell culture, this usually involves inoculating suscep-

tible cultures with relatively low multiplicity of infection

(MOI;51 PFU percell) and harvesting the infected cells when

about 50% to 75% cytopathic effect (CPE) is demonstrated.

The virus preparation is then titrated by preparing serial mul-

tifold dilutions and inoculating replicate tubes or plate cultures

with a fixed volume of the virus preparation. The endpoint of

the titration is the dilution of the virus that will infect 50% of

the cell cultures inoculated. This endpoint is said to contain

one 50% tissue culture infective dose (TCID50) in the volume

used. If the test system involves animal lethality, the endpoint

is referred as one 50% lethal dose (LD50). The amount of virus

used in the neutralization assay to follow is typically standard-

ized to contain 100 TCID50 or LD50.

The test or host system used in neutralization assays is cho-

sen on the basis of the specific virus to be tested and its ability

to replicate in the system. The commonly used host systems

include cell culture, embryonated chicken eggs, and mice. Cell

culture is usually the preferred test system, because the viruses

used in the neutralization assay usually readily replicate and

produce CPE. Susceptible host cells are grown in monolayers

in dishes or multiwell plate cultures. After the virus/neutraliz-

ing serum mixture is added, the cultures are overlaid with

agar-containing medium to restrict spread of CPE and allow

development of viral plaques. The prevention of plaque devel-

opment is indicative of the presence of neutralizing antibody.

Alternatively, neutralization can be performed in tube mono-

layer cultures or even in suspension tissue culture. Embryo-

nated eggs may be used when the virus to be used or tested

does not produce plaques in tissue culture systems. The route

of inoculation and the endpoint depend on the virus.

Neutralization assays may be set up in various ways, de-

pending on the specific virus of interest and the serum or pro-

duct to be tested for neutralizing activity. In general, a fixed

amount of infectious virus is preincubated with undiluted

and serial dilutions of serum or product to be tested for neu-

tralizing activity and separately with preimmune serum or con-

trol product; this approach is referred to as the constant virus–

varying serum method. Following preincubation, the mixtures

are separately injected or added to the test system. Reduction

in infectivity between test and control serum or product is

scored in various ways, depending on the test system. The

endpoint of the assay is generally defined as the highest dilu-

tion of the serum or product that neutralizes one-half of the

initial viral inoculum, as calculated by Reed-Muench or the

Spearman-Kärber method.

The titer of neutralizing antibody in the test serum or pro-

duct is the reciprocal of the highest dilution that completely

inhibits CPE or other virus effect in the test system. This dilu-

tion is said to contain 1 neutralizing antibody unit per unit vol-

ume used in the titration. When a serum or product known to

contain neutralizing antibody is used in an assay to determine

the identity of an unknown virus, 20 neutralizing antibody

units in a fixed volume are generally used in the assay. Positive

and negative control sera must give expected reactivity in the

assay.
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HEMAGGLUTINATION INHIBITION (HAI)

A number of enveloped viruses, including the influenza and

parainfluenza viruses, acquire protein receptors capable of

binding RBCs (hemagglutinins) of various animal species

on their surface as they bud through infected cell plasma mem-

branes during viral maturation. In addition, some nonenve-

loped viruses such as adenoviruses and certain enteroviruses

have hemagglutinin proteins in their outer capsid. This proper-

ty allows for detection of a specific virus in a sample if a

known specific antibody to the virus is available. Alterna-

tively, the presence of antibody specific to the virus can be de-

t e c t e d and quan t i t a t e d by i t s a b i l i t y t o i nh i b i t

hemagglutination. This is the principle of the hemagglutina-

tion inhibition (HAI) test.

The HAI test for antibody is performed by making serial di-

lutions of the specimen to be tested and mixing the dilutions

with a fixed amount of the virus or specific viral hemagglutinin

protein in a tube or microtitration plate format. Indicator RBCs

from the appropriate animal species are added, the suspension

is mixed, and the tubes or plates are allowed to stand for a pre-

determined period. If specific antibody is present, the virus

will bind and the RBCs will not agglutinate; they will settle

to the bottom of the tube or plate and form an RBC ‘‘button’’.

If specific antibody is absent, the RBCs will be agglutinated by

the virus and form a diffuse film. The titer of the serum or pro-

duct is the reciprocal of the dilution that completely inhibits

agglutination.

HAI is very useful for subtyping influenza virus isolates. A

number of factors contribute to the potential variability of the

HAI test. Certain serum samples and products may contain

nonspecific inhibitors of RBC agglutinins, which may yield

false-positive results. A number of procedures have been de-

veloped to remove such inhibitors, including adsorption and

heat inactivation procedures. Specimens may also contain

RBC agglutinins other than specific antibody, and these may

contribute to false-negative results. Appropriate preparation

and titration of reagents, including RBCs and viral hemagglu-

tinin stocks and suspensions, is critical. In addition, controls

for nonspecific agglutination or inhibitors of agglutination

must be included in every assay.

WESTERN BLOT (OR IMMUNOBLOT) ASSAY FOR ANTIBODY

DETECTION

The immunoblot, or Western blot, assay is a technique for

the simultaneous detection of antibodies to various protein an-

tigens of a given virus. The term recombinant immunoblot as-

say (RIBA) is applicable when the starting protein mixtures

are recombinant proteins obtained from prokaryotic or eukar-

yotic expression systems instead of crude or partially purified

virus from infected cells. The method is often used diagnosti-

cally as a supplementary or confirmatory test in situations

where an initial assay for antibody lacks sufficient specificity

or is known to be prone to false-positive results. This is espe-

cially important when the test is being used to diagnose an in-

fection of clinical significance such as HIVor HCV infection.

A number of commercial immunoblot kits are available,

particularly for viruses such as HIV and HCV; several have

regulatory approval for diagnostic use. Alternatively, viral an-

tigen preparations may be produced in-house or purchased,

along with other reagents required for the assays. Careful con-

trol and/or sourcing of these reagents are critical to ensuring

that compliance requirements are maintained.

For selected viral agents, there are generally accepted inter-

pretive standards for the analysis of reactivity or positive re-

sults in an immunoblot assay. However, the presence of

nonspecific bands may be due to antibody reactivity to cellular

protein antigens caused by autoimmune diseases and/or the

use of crude virus-infected cell proteins as antigen in the assay.

Indeterminate reactions may also occur if only a limited num-

ber of specific antibody bands are observed.

Appropriate positive and negative control sera must be in-

cluded in each assay and reactivity must be scored for both the

presence and the intensity of expected protein bands.
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Application of the Antibody Detection Methods to Specific

Viruses

Human blood-borne pathogens that may be present in infec-

tious form in human donated blood used directly in the pro-

duction of biological products are a concern because they

may present a risk of transmission to others. Testing for vi-

rus-specific antibodies in donated blood serves as a screening

procedure for the elimination of suspect units. Alternatively,

the viruses may represent important agents for which human

vaccines have been or are being developed. Thus the ability to

detect virus-specific antibodies in an immunized individual or

animal model may be important for demonstrating the efficacy

of the vaccine. Currently, in the United States, a number of

FDA-approved screening or definitive tests may be conducted

on donated units of blood for evidence of the presence of

agents of infectious diseases, including hepatitis B and C vi-

ruses, human immunodeficiency virus, and West Nile virus. In

addition, plasma sent for fractionation before production of

plasma-derived products is required to be tested for hepatitis

A virus (HAV) and human parvovirus B-19.

GLOSSARY

Acceptance Criteria—Anticipated results, which may be nu-

merical limits, ranges, or other characterization for the tests

described. They establish the standards to which a drug sub-

stance or drug product should conform in order to be consid-

ered acceptable for its intended use.

Adventitious Agent—Acquired accidental contaminant in a

cell line such as viruses and toxins; the agent is often infec-

tious.

Amplicon—A segment of DNA generated by the PCR pro-

cess whose sequence is defined by forward and reverse pri-

mers.

Antibody—An infection-fighting protein molecule that binds,

neutralizes, and helps destroy foreign microorganisms or tox-

ins. Also known as immunoglobulins, antibodies are produced

by the immune system in response to antigens.

Antigen—Any agent that induces the production of an anti-

body and reacts specifically with it.

Assay Validation—A formal, archived demonstration of the

analytical performance of an assay that provides justification

for use of the assay for an intended purpose and a range of

acceptable potency values.

Bioassay—Analytical method that uses living animals, cells,

tissues, or organisms as test subjects.

Biologics—Products such as antitoxins, antivenins, blood,

blood derivatives, immune serums, immunologic diagnostic

aids, toxoids, vaccines, and related articles that are produced

under license in accordance with the terms of the federal Pub-

lic Health Service Act (58 Stat. 682) approved July 1, 1944, as

amended, have long been known as ‘‘biologics.’’ However, in

Table III, Part F, of the Act, the term ‘‘biological products’’ is

applied to the group of licensed products as a whole. For Phar-

macopeial purposes, the term ‘‘biologics’’ refers to those prod-

ucts that must be licensed under the Act and comply with Food

and Drug Regulations—Code of Federal Regulations, Title 21

Parts 600–680, pertaining to federal control of these products

(other than certain diagnostic aids), as administered by the

Center for Biologics Evaluation and Research or, in the case

of the relevant diagnostic aids, by the Center for Devices and

Radiological Health of the federal Food and Drug Administra-

tion. [Definition from Biologics h1041i, USP–NF vol. 30

(2007), p. 414.]

Biotechnology-Derived Product—Macromolecular article

derived from biotechnology processes such as recombinant

DNA (rDNA) technology, hybridoma technology, and the

like.
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Bulk Harvest —See Unprocessed Bulk Harvest.

Capsid—The outer protein shell of a virus particle.

Cell Bank—A defined population of cells, such as an immor-

talized cell line, grown by a defined process and cryopreserved

in a defined process and within a defined passage number

range. The assumption is that each vial from a cell bank is

comparable and that when thawed and added to a manufactur-

ing vessel (or an analytical assay), it will perform in a consis-

tent way.

Chaotropic—A reagent that causes molecular structure to be

disrupted; in particular, those formed by noncovalent forces

such as hydrogen bonding, van der Waals interactions, and

the hydrophobic effect.

Complement—A group of proteins in the blood that work in

concert with other immune system proteins and cells (such as

antibodies) in attaching foreign substances.

cDNA—Complementary DNA. Two strands of nucleic acid

that can hybridize by specific base pairing between the nucle-

otides.

Confluency—Refers to the point when 100% of the surface

area of the vessel is covered in cells.

Cryopreservative—Reagent used to keep a cell alive in deep-

frozen condition (usually in liquid nitrogen).

Cytopathic—Damaging to cells, causing them to exhibit

signs of disease or cell death.

ELISA—Enzyme-linked immunosorbent assay. A biochemi-

cal technique used to detect the presence of an antibody or an

antigen in a sample.

Endpoint Assay—An analytical method that measures the

amount of accumulated product at the end of the assay.

Epitope—Amolecular region on the surface of an antigen that

is recognized by an antibody and can combine with the specif-

ic antibody produced by such a response; also called a deter-

minant or an antigenic determinant.

Glycoprotein—Protein that contains sugar side chains added

as a posttranslational process; the presence of sugar side

chains often affects activity, antigenicity, and in vivo stability.

Host Cell Tropism—The range of susceptible cells that a par-

ticular microorganism can infect.

ICH—The International Conference on Harmonization of

Technical Requirements for Registration of Pharmaceuticals

for Human Use.

Limit of Detection (LOD)—The lowest concentration of an

analyte in a sample that can be detected, not quantitated. It

is a limit test that specifies whether or not an analyte is above

or below a certain value. It is expressed as a concentration at a

specified signal-to-noise ratio, usually 2 or 3.

Mycoplasma—Parasitic microorganism that infects mamma-

lian cells, possessing some characteristics of both bacteria and

viruses. Prokaryotic microorganisms belong to the familyMy-

coplasmataceae, with no cell walls. They may grow attached

or close to cell surfaces in the cytoplasm and subtly change the

properties of the cells.

Passage—An operational procedure used to feed cultured

cells, usually by providing fresh medium and dilution of cells

in a new culture vessel. The number of such operations is re-

ferred to as the passage number. It is not the same as cell gen-

eration number, which is strictly related to cell doubling time.

qPCR—Quantitative polymerase chain reaction. A modifica-

tion of the polymerase chain reaction used to measure the

quantity of DNA, complementary DNA, or ribonucleic acid

present in a sample. Like other forms of polymerase chain re-

action, the process is used to amplify DNA samples via the

enzyme DNA polymerase.
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Raw Materials—All components used to manufacture a drug

substance or drug product; regulated by 21 CFR 211.

RT-PCR—Reverse transcriptase polymerase chain reaction.

A variation of the PCR technique in which cDNA is made

from RNA via reverse transcription. The cDNA is then ampli-

fied using standard PCR protocols.

Serotype—The kind of microorganism as characterized by

testing for recognizable antigens on the surface of the micro-

organism.

Spiking—Adding a known amount of analyte from a labora-

tory standard acting as a tracer to check a method for recover

or accuracy.

Syncytium—A multinucleated mass of cytoplasm that is not

separated into individual cells.

System Suitability—The checking of a system to ensure sys-

tem performance before or during the analysis of unknowns.

Parameters such as plate count, tailing factors, resolution, and

reproducibility are determined and compared against the spe-

cifications set for the method. These parameters are measured

during the analysis of a system suitability sample, which is a

mixture of main components and expected by-products.

TCID50—50% tissue culture infective dose. The level of dilu-

tion of a virus at which half of a series of laboratory wells or

animals contain active, growing virus.

Unprocessed Bulk Harvest—The pooled harvests of cell cul-

ture fluids that constitute a homogeneous mixture for manu-

facture into a unique lot of product.
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BRIEFING

h1788i Particulate Matter Determination in Parenteral and
Ophthalmic Products. In response to comments received, the Paren-
teral Product: Industrial Expert Committee proposes the following
general information chapter, which will reintroduce text that appeared
in Particulate Matter in Injections h788i but was deleted when chap-
ter h788iwas harmonized. The Expert Committee thought that the de-
leted text was valuable information for end users in setting up
equipment and measuring particulate matter.

(PPI: D. Hunt) RTS—C59300

Add the following:

&h1788i PARTICULATE MATTER
DETERMINATION IN PARENTERAL
AND OPHTHALMIC PRODUCTS

INTRODUCTION

Particulate matter consists of mobile undissolved particles,

other than gas bubbles, unintentionally present in the solu-

tions, that cannot be quantitated by chemical analysis because

of the small amount of material that it represents and because

of its heterogeneous composition. Injectable solutions, includ-

ing solutions constituted from sterile solids intended for par-

enteral use, are essentially free from particulate matter that can

be observed on visual inspection. The tests described herein

are physical tests performed for the purpose of enumerating

subvisible extraneous particles within specific size ranges.

Light obscuration and microscopic procedures for the deter-

mination of particulate matter are given herein. This chapter

provides a test approach in two stages. The injection is first

tested by the Light Obscuration Particle Count Test. If the in-

jection fails to meet the prescribed limits, it must pass the Mi-

croscopic Particle Count Test with its own set of test limits.

Where for technical reasons the injection cannot be tested

by light obscuration, microscopic testing may be used exclu-

sively.

Documentation demonstrating that the light obscuration

procedure is incapable of testing the injection or produces in-

valid results is required in each case. It is expected that most

articles will meet the requirements on the basis of the light ob-

scuration test alone; however, it may be necessary to test some

articles by the light obscuration test, followed by the micro-

scopic test, to reach a conclusion on conformance to require-

ments.

All large-volume injections for single-dose infusion and

those small-volume injections for which the monographs

specify such requirements are subject to the particulate matter

limits set forth for the test being applied, unless otherwise

specified in the individual monograph. Not all injection for-

mulations can be examined for particles by one or both of

these tests. Any product that is not a pure solution and has a

clarity and a viscosity approximating those of water, may pro-

vide erroneous data when analyzed by the light obscuration

counting method. Such materials may be analyzed by the mi-

croscopic method. Emulsions, colloids, and liposomal pre-

parations are examples. Similarly, products such as

bicarbonate-buffered formulations that produce air or gas bub-

bles when drawn into the sensor, may also require microscopic

testing. Refer to the specific monographs when a question of

test applicability occurs. Higher limits are appropriate for cer-

tain articles and will be specified in the individual mono-

graphs. In some instances, the viscosity of a material to be

tested may be sufficiently high so as to preclude its analysis

by either test method. In this event, a quantitative dilution with

an appropriate diluent may be made to decrease viscosity, as

necessary, to allow the analysis to be performed. In the tests

described below for large- and small-volume injections, the re-

sults obtained in examining a discrete unit or group of units for

particulate matter cannot be extrapolated with certainty to oth-

er units that remain untested. Thus, statistically sound sam-

pling plans based upon known operational factors must be

developed if valid inferences are to be drawn from observed

data to characterize the level of particulate matter in a large

group of units. Sampling plans should be based on considera-
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tion of product volume, numbers of particles historically

found to be present in comparison to limits, particle size dis-

tribution of particles present, and variability of particle counts

between units.

LIGHT OBSCURATION PARTICLE COUNT TEST

The test applies to large-volume injections labeled as con-

taining more than 100 mL, unless otherwise specified in the

individual monograph. It counts suspended particles that are

solid or liquid. This test applies also to single-dose or multi-

ple-dose, small-volume injections labeled as containing 100

mL or less that are either in solution or in solution constituted

from sterile solids, where a test for particulate matter is spec-

ified in the individual monograph.

USP Reference Standards h11i—USP Particle Count RS

is used for System Suitability testing.

Test Apparatus

The apparatus is an electronic, liquid-borne particle count-

ing system that uses a light-obscuration sensor with a suitable

sample-feeding device. A variety of suitable devices of this

type are commercially available. It is the responsibility of

those performing the test to ensure that the operating parame-

ters of the instrumentation are appropriate to the required ac-

curacy and precision of the test result, and that adequate

training is provided for those responsible for the technical per-

formance of the test.

It is important to note that for Pharmacopeial applications,

the ultimate goal is that the particle counter reproducibly size

and count particles present in the injectable material under in-

vestigation. The instruments available range from systems

where calibration and other components of standardization

must be carried out by manual procedures to sophisticated sys-

tems incorporating hardware- or software-based functions for

the standardization procedures. Thus, it is not possible to spec-

ify exact methods to be followed for standardization of the in-

strument, and it is necessary to emphasize the required end

result of a standardization procedure rather than a specific

method for obtaining this result. This section is intended to

emphasize the criteria that must be met by a system rather than

specific methods to be used in the determination of those cri-

teria. It is the responsibility of the user to apply the various

methods of standardization applicable to a specific instrument.

Critical operational criteria consist of the following.

SENSOR CONCENTRATION LIMITS

Use an instrument that has a concentration limit (the maxi-

mum number of particles per mL) identified by the manufac-

turer that is greater than the concentration of particles in the

test specimen to be counted. The vendor-certified concentra-

tion limit for a sensor is specified as that count level at which

coincidence counts attributable to the simultaneous presence

of two or more particles in the sensor view volume compose

less than 10% of the counts collected for 10-mm particles.

SENSOR DYNAMIC RANGE

The dynamic range of the instrument used (range of sizes of

particles that can be accurately sized and counted) must in-

clude the smallest particle size to be enumerated in the test ar-

ticles.

Instrument Standardization Tests

The following discussion of instrument standardization em-

phasizes performance criteria rather than specific methods for

calibrating or standardizing a given instrument system. This

approach is particularly evident in the description of calibra-

tion, where allowance must be made for manual methods as

well as those based on firmware, software, or the use of elec-

tronic testing instruments. Appropriate instrument qualifica-

tion is essential to the performance of the test according to

requirements. Because different brands of instruments may

be used in the test, the user is responsible for ensuring that
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the counter used is operated according to the manufacturer’s

specific instructions. The principles to be followed to ensure

that instruments operate within acceptable ranges are defined

below. The following information for instrument standardiza-

tion helps ensure that the sample volume accuracy, sample

flow rate, particle size response curve, sensor resolution, and

count accuracy are appropriate to the performance of the test.

Conduct these procedures at intervals of not more than 6

months.

SAMPLE VOLUME ACCURACY

Because the particle count from a sample aliquot varies di-

rectly with the volume of fluid sampled, it is important that the

sampling accuracy is known to be within a certain range. For a

sample volume determination, determine the dead (tare) vol-

ume in the sample feeder with filtered, distilled, or deionized

water that has been passed through a filter having a nominal

pore size of 1.2-mm or finer porosity. Transfer a volume of fil-

tered, distilled, or deionized water that is greater than the sam-

ple volume to a container, and weigh. Withdraw through the

sample feeding device a volume that is appropriate for the spe-

cific sampler, and again weigh the container. Determine the

sample volume by subtracting the tare volume from the com-

bined sample plus tare volumes. Verify that the value obtained

is within 5% of the appropriate sample volume for the test. Al-

ternatively, the sample volume may be determined using a

suitable Class A graduated cylinder (see Volumetric Apparatus

h31i). [NOTE—Instruments of this type require a variable tare

volume. This is the amount of sample withdrawn before count-

ing. This volume may be determined for syringe-operated

samplers by setting the sample volume to zero and initiating

sampling, so that the only volume of solution drawn is the tare.

Subtract the tare volume from the total volume of solution

drawn in the sampling cycle to determine the sample volume.]

SAMPLE FLOW RATE

Verify that the flow rate is within the manufacturer’s speci-

fications for the sensor used. This may be accomplished by

using a calibrated stopwatch to measure the time required

for the instrument to withdraw and count a specific sample

volume (i.e., the time between beginning and ending of the

count cycle as denoted by instrument indicator lights or other

means). Sensors may be operated accurately over a range of

flow rates. Perform the test procedure at the same flow rate

as that selected for calibration of the instrument.

CALIBRATION

Use one of the following methods.

Manual Method—Calibrate the instrument with a mini-

mum of three calibrators, each consisting of near-monosize

polystyrene spheres having diameters of about 10, 15, and

25 mm, in an aqueous vehicle. The calibrator spheres must

have a mean diameter of within 5% of the 10-, 15-, and

25-mm nominal diameters and be standardized against mate-

rials traceable to NIST standard reference materials. The num-

ber of spheres counted must be within the sensor ’s

concentration limit. Prepare suspensions of the calibrator

spheres in water at a concentration of 1000 to 5000 particles

per mL, and determine the channel setting that corresponds to

the highest count setting for the sphere distribution. This is de-

termined by using the highest count threshold setting to split

the distribution into two bins containing equal numbers of

counts, with the instrument set in the differential count mode

(moving window half-count method). Use only the central

portion of the distribution in this calculation to avoid including

asymmetrical portions of the peak. The portion of the distribu-

tion, which must be divided equally, is the count window. The

window is bounded by threshold settings that will define a

threshold voltage window of +20% around the mean diame-

ter of the test spheres. The window is intended to include all

single spheres, taking into account the standard deviation of

the spheres and the sensor resolution, while excluding noise
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and aggregates of spheres. The value of 20% was chosen

based on the worst-case sensor resolution of 10% and the

worst-case standard deviation of the spheres of 10%. Because

the thresholds are proportional to the area of the spheres rather

than the diameter, the lower and upper voltage settings are de-

termined by the following equations:

VL = 0.64VS

in which VL is the lower voltage setting and VS is the voltage at

the peak center, and

VU = 1.44VS

in which VU is the upper voltage setting. Once the center peak

thresholds are determined, use these thresholds for the stan-

dards to create a regression of log voltage versus log particle

size, from which the instrument settings for the 10- and 25-mm

sizes can be determined.

AutomatedMethod—The calibration (size response) curve

may be determined for the instrument-sensor system by the

use of validated software routines offered by instrument ven-

dors; these may be included as part of the instrument software

or used in conjunction with a microcomputer interfaced to the

counter. The use of these automated methods is appropriate if

the vendor supplies written certification that the software pro-

vides a response curve equivalent to that attained by the man-

ual method and if the automated calibration is validated as

necessary by the user.

Electronic Method—Using a multichannel peak height an-

alyzer, determine the center channel of the particle counter

pulse response for each standard suspension. This peak volt-

age setting becomes the threshold used for calculation of the

voltage response curve for the instrument. The standard sus-

pensions to be used for the calibration are run in order, and

median pulse voltages for each are determined. These thresh-

olds are then used to generate the size response curve manu-

ally or via software routines. The thresholds determined from

the multichannel analyzer data are then transferred to the

counter to complete the calibration. If this procedure is used

with a comparator-based instrument, the comparators of the

counter must be adjusted accurately beforehand.

SENSOR RESOLUTION

The particle size resolution of the instrumental particle

counter is dependent upon the sensor used and may vary with

individual sensors of the same model. Determine the resolu-

tion of the particle counter for 10-mm particles using the

10-mm calibrator spheres. The relative standard deviation of

the size distribution of the standard particles used is not more

than 5%. Acceptable methods of determining particle size re-

solution are (1) manual determination of the amount of peak

broadening due to instrument response, (2) using an electronic

method of measuring and sorting particle sensor voltage out-

put with a multichannel analyzer, and (3) automated methods.

Manual Method—Adjust the particle counter to operate in

the cumulative mode or total count mode. Refer to the calibra-

tion curve obtained earlier, and determine the threshold volt-

age for the 10-mm spheres. Adjust 3 channels of the counter to

be used in the calibration procedure as follows:

Channel 1 is set for 90% of the threshold voltage.

Channel 2 is set for the threshold voltage.

Channel 3 is set for 110% of the threshold voltage.

Draw a sample through the sensor, observing the count in

Channel 2. When the particle count in that channel has

reached approximately 1000, stop counting, and observe the

counts in Channels 1 and 3. Check to see if the Channel 1

count and the Channel 3 count are 1.68+ 10% and

0.32+ 10%, respectively, of the count in Channel 2. If not,

adjust Channel 1 and Channel 3 thresholds to meet these cri-

teria. When these criteria have been satisfied, draw a sample of

suspension through the counter until the counts in Channel 2

have reached approximately 10,000, or until an appropriate

volume (e.g., 10 mL) of the sphere suspension has been count-

ed. Verify that Channel 1 and Channel 3 counts are 1.68+ 3%
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and 0.32+ 3%, respectively, of the count in Channel 2. Re-

cord the particle size for the thresholds just determined for

Channels1, 2, and 3. Subtract the particle size for Channel 2

from the size for Channel 3. Subtract the particle size for

Channel 1 from the size for Channel 2. The values so deter-

mined are the observed standard deviations on the positive and

negative side of the mean count for the 10-mm standard. Cal-

culate the percentage of resolution of the sensor by the formu-

la:

in which SO is the highest observed standard deviation deter-

mined for the sphere; SS is the supplier’s reported standard de-

viation for the spheres; and D is the diameter, in mm, of the

spheres as specified by the supplier. The resolution is not more

than 10%.

AutomatedMethod— Software that allows for the automa-

ted determination of sensor resolution is available for some

counters. This software may be included in the instrument or

used in conjunction with a microcomputer interfaced to the

counter. The use of these automated methods is appropriate

if the vendor supplies written certification that the software

provides a resolution determination equivalent to the manual

method and if the automated resolution determination is vali-

dated as necessary by the user.

Electronic Method—Record the voltage output distribu-

tion of the particle sensor, using a multichannel analyzer while

sampling a suspension of the 10-mm particle size standard. To

determine resolution, move the cursor of the multichannel an-

alyzer up and down the electric potential scale from the medi-

an pulse voltage to identify a channel on each side of the

10-mm peak that has approximately 61% of the counts ob-

served in the center channel. Use of the counter size response

curve to convert the mV values of these two channels to par-

ticle sizes provides the particle size at within 1 standard devi-

ation of the 10-mm standard. Use these values to calculate the

resolution as described under Manual Method.

PARTICLE COUNTING ACCURACY: SYSTEM SUITABILITY

Determine the particle counting accuracy of the instrument,

usingMethod 1 (for low-resolution sensors requiring the mov-

ing window half-count method for calibration) and the USP

Particle Count RS, Method 2 (for high-resolution sensors) uti-

lizing USP or other commercial standards, or Method 3 for all

instruments (manual comparison to membrane microscopic

method).

Method 1 (Low-Resolution Instruments)—

Procedure—Prepare the suspension and blank using the

USP Particle Count RS. With the instrument set to count in

the cumulative (total) mode, collect counts at settings of great-

er than or equal to 10 mm and greater than or equal to 15 mm.

Mix the blank by inverting 25 times within 10 seconds, and

degas the mixture by sonicating (at 80 to 120 watts) for about

30 seconds, or dissipating the dissolved gas in a vacuum

chamber, or by allowing to stand. Remove the closure from

the container, and gently stir the contents by hand-swirling

or by mechanical means, taking care not to introduce air bub-

bles or contamination. Stir continuously throughout the anal-

ysis. Withdraw directly from the container three consecutive

volumes of not less than 5 mL each, obtain the particle counts,

and discard the data from the first portion. [NOTE—Complete

the procedure within 5 minutes.] Repeat the procedure, using

the suspension in place of the blank. From the averages of the

counts resulting from the analysis of the two portions of the

suspension at greater than or equal to 10 mm and from the anal-

ysis of the two portions of the blank at greater than or equal to

10 mm, calculate the number of particles in each mL by the

formula:

(PS – PB) /V
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in which PS is the average particle count obtained from the sus-

pension; PB is the average particle count obtained from the

blank; and V is the average volume, in mL, of the four portions

tested. Repeat the calculations, using the results obtained at the

setting of not less than 15 mm.

Interpretation—The instrument meets the requirements for

Particle Counting Accuracy if the count obtained at greater

than or equal to 10 mm and the ratio of the counts obtained

at greater than or equal to 10 mm to those obtained at greater

than or equal to 15 mm conform to the values that accompany

the USP Particle Count RS. If the instrument does not meet the

requirements for Particle Counting Accuracy, repeat the pro-

cedure using the remaining suspension and blank. If the results

of the second test are within the limits given above, the instru-

ment meets the requirements of the test for Particle Counting

Accuracy. If on the second attempt the system does not meet

the requirements of the test, determine and correct the source

of the failures, and retest the instrument.

Method 2 (High-Resolution Instruments)—

Procedure—Use either (a) the USP Particle Count RS, or (b)

a commercial preparation of standard calibrator spheres of

nominal diameter 15 to 30 mm in a suspension containing be-

tween 3000 and 4500 particles per mL, certified by the man-

ufacturer or c) a lab-prepared suspension of standard calibrator

spheres having a nominal diameter of 15 to 30 mm, containing

between 50 and 200 particles per mL.

Degas the suspension by sonicating (at 80 to 120 watts) for

about 30 seconds, exposing to vacuum to dissipate dissolved

gas, or by allowing to stand. Properly suspend the particles by

stirring gently, and perform five counts on 5-mL volumes of

the suspension, using the particle counter 10-mm size thresh-

old. Obtain the mean cumulative particle count per mL.

Interpretation A—The instrument meets the requirements

for Particle Counting Accuracy if the count obtained at greater

than or equal to 10 mm conforms to the values that accompany

the USP Particle Count RS. If the instrument does not meet the

requirements for Particle Counting Accuracy, repeat the pro-

cedure using the remaining suspension and blank. If the results

of the second test are within the limits given above, the instru-

ment meets the requirements of the test for Particle Counting

Accuracy. If on the second attempt the system does not meet

the requirements of the test, determine and correct the source

of the failures, and retest the instrument.

Interpretation B—The instrument meets the requirements

for Particle Counting Accuracy if the count obtained at greater

than or equal to 10 mm conforms to the values certified by the

manufacturer. If the instrument does not meet the requirements

for Particle Counting Accuracy, repeat the procedure using the

remaining suspension and blank. If the results of the second

test are within the limits given above, the instrument meets

the requirements of the test for Particle Counting Accuracy.

If on the second attempt the system does not meet the require-

ments of the test, determine and correct the source of the fail-

ures, and retest the instrument.

Method 3 (Alternate Manual Method)—

Procedure—Prepare a suspension of standard calibrator

spheres having a nominal diameter of 15 to 30 mm, containing

between 300 and 450 particles per mL. Degas the suspension

by sonicating (at 80 to 120 watts) for about 30 seconds, or dis-

sipating the dissolved gas in a vacuum chamber, or by allow-

ing to stand. Properly suspend the particles by stirring gently,

and perform five counts on 5-mL volumes of the suspension,

using the particle counter 10-mm size threshold. Obtain the

mean cumulative particle count per mL. Pipet a volume of this

suspension containing 250 to 500 particles into a filter funnel

prepared as described for Filtration Apparatus under Micro-

scopic Particle Count Test. After drying the membrane, count

the total number of standard spheres collected on the

membrane filter.

Interpretation—The instrument meets the requirements for

Particle Counting Accuracy if the count obtained at greater

than or equal to 10 mm is within 20% of the mean instrumental

count per mL for the suspension. If the instrument does not

meet the requirements for Particle Counting Accuracy, repeat

the procedure using the remaining suspension and blank. If the

results of the second test are within the limits given above, the
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instrument meets the requirements of the test for Particle

Counting Accuracy. If on the second attempt the system does

not meet the requirements of the test, determine and correct the

source of the failures, and retest the instrument.

Test Environment

Perform the test in an environment that does not contribute

any significant amount of particulate matter. Specimens must

be cleaned to the extent that any level of extraneous particles

added has a negligible effect on the outcome of the test. Pre-

ferably, the test specimen, glassware, closures, and other re-

quired equipment are prepared in an environment protected

by high-efficiency particulate air (HEPA) filters. Nonshedding

garments and powder-free gloves are worn throughout the

preparation of samples.

Cleanse glassware, closures, and other required equipment,

preferably by immersing and scrubbing in warm, nonionic de-

tergent solution. Rinse in flowing tap water, and then rinse

again in flowing, filtered, distilled, or deionized water. Organic

solvents may also be used to facilitate cleaning. [NOTE—These

steps describe one way to clean equipment; alternatively, par-

ticulate-free equipment may be obtained from a suitable ven-

dor.] Finally, rinse the equipment in filtered, distilled, or

deionized water, using a hand-held pressure nozzle with final

filter or other appropriate filtered water source, such as dis-

tilled or deionized water passed through a capsule filter having

a nominal pore size of 0.2-mm or finer.

To collect blank counts, use a cleaned vessel of the type and

volume representative of that to be used in the test. Place a

50-mL volume of filtered, distilled, or deionized water in the

vessel, and agitate the water sample in the cleaned glassware

by inversion or swirling. [NOTE—A smaller volume, consistent

with the article to be counted, can be used.] Degas by sonicat-

ing (at 80 to 120 watts) for about 30 seconds, dissipating the

dissolved gas in a vacuum chamber, or by allowing to stand.

Swirl the vessel containing the water sample by hand or agitate

by mechanical means to suspend particles. Determine the par-

ticulate matter in five samples of particle-free water, each of 5

ml. If the number of particles of 10 mm or greater size exceeds

25 for the combined 25 ml (NMT 1/mL), or the number of par-

ticles of 25 mm or greater in size exceeds 3, the precautions

taken for the test are not sufficient: the filtered, distilled, or de-

ionized water and glassware have not been properly prepared

or the counter is generating spurious counts. In this case, re-

peat the preparatory steps until conditions of analysis are suit-

able for the test.

Test Procedure

TEST PREPARATION

Prepare the test specimens in the following sequence. Out-

side of the unidirectional airflow cabinet to be used for the test,

remove outer closures, sealing bands, and any loose or shed-

ding paper labels. Rinse the exteriors of the containers with

filtered, distilled, or deionized water as directed under Test En-

vironment. Protect the containers from environmental contam-

ination until analyzed. Withdraw the contents of the containers

under test in a manner least likely to generate particles that

could enter the sample. Contents of containers with removable

stoppers may be withdrawn directly by removing the closures.

Sampling devices having a needle to penetrate the unit closure

may also be employed. Products packaged in flexible plastic

containers may be sampled by cutting the medication or ad-

ministration port tube or a corner from the unit with a suitably

cleaned razor blade or scissors.

Dry or lyophilized products may be constituted either by re-

moving the closure to add diluent or by injecting diluent with a

hypodermic syringe having a 0.2-mm or finer syringe filter. If

test specimens are to be pooled, remove the closure and empty

the contents into a clean container. The number of test speci-

mens must be adequate to provide a statistically sound assess-

ment of whether a batch or other large group of units

represented by the test specimens meets or exceeds the limits.

If the volume in the container is less than 25 mL, test a solu-
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tion pool of 10 or more units to provide at least 25 mL. Single

small-volume injection units may be tested if the individual

unit volume is 25 mL or more. For large-volume injections,

individual units are tested. For large-volume injections or for

small-volume injections where the individual unit volume is

25 mL or more, fewer than 10 units may be tested, based on

the definition of an appropriate sampling plan.

PRODUCT DETERMINATION

Depending upon the dosage form being tested, proceed as

directed under the appropriate category below.

Liquid Preparations—

Volume in Container Less Than 25 mL—Prepare the con-

tainers as directed under Test Preparation. Mix and suspend

the particulate matter in each unit by inverting the unit 20

times. [NOTE—Because of the small volume of some products,

it may be necessary to agitate the solution more vigorously to

suspend the particles properly.] In a cleaned container, open

and combine the contents of 10 or more units to obtain a vol-

ume of not less than 25 mL. Degas the pooled solution by so-

nicating for about 30 seconds, by exposure to vacuum, or by

allowing the solution to stand undisturbed until it is free from

air bubbles. Gently stir the contents of the container by hand-

swirling or by mechanical means, taking care not to introduce

air bubbles or contamination. Remove four portions, each of

not less than 5 mL, and count the number of particles equal to

or greater than 10 and 25 mm. Disregard the result obtained for

the first portion. [NOTE—For some products, a pool of 15 or

more units may be necessary to achieve a pool volume suffi-

cient for four 5-mL sample aliquots. Smaller sample aliquots

(i.e., less than 5 mL) can be used if the assay result obtained

with the smaller aliquots is validated to give an assessment of

batch suitability equivalent to that obtained with the 5-mL ali-

quots specified above.]

Volume in Container 25 mL or More—Prepare the con-

tainers as directed under Test Preparation. Mix and suspend

the particulate matter in each unit by inverting the unit 20

times. Degas the solution by sonicating for about 30 seconds,

exposing to vacuum, or by allowing the solution to stand un-

disturbed until it is free from air bubbles. Remove the closure

of the unit or effect entry by other means so that the counter

probe can be inserted into the middle of the solution. Gently

stir the contents of the unit by hand-swirling or by mechanical

means. Remove four portions, each of not less than 5 mL, and

count the number of particles equal to or greater than 10 and

25 mm. Disregard the result obtained for the first portion.

Dry or Lyophilized Preparations—Prepare the containers

as directed under Test Preparation. Open each container, tak-

ing care not to contaminate the opening or cover. Constitute as

directed under Test Preparation, using the specified volume of

filtered water or an appropriate filtered diluent if water is not

suitable. Replace the closure, and manually agitate the con-

tainer sufficiently to ensure dissolution of the drug. [NOTE—

For some dry or lyophilized products, it may be necessary to

let the units stand for a suitable interval, and then agitate again

to effect complete dissolution.] After the drug in the constitu-

ted sample is completely dissolved, mix and suspend the par-

ticulate matter present in each unit by inverting it 20 times

before analysis. Proceed as directed for the appropriate unit

volume under Liquid Preparations, and analyze by withdraw-

ing a minimum of four portions, each of not less than 5 mL,

and count the number of particles equal to or greater than 10

and 25 mm. Disregard the result obtained for the first portion.

Products Packaged with Dual Compartments Con-

structed to Hold the Drug Product and a Solvent in Separ-

ate Compartments—Prepare the units to be tested as directed

under Test Preparation. Mix each unit as directed in the label-

ing, activating and agitating so as to ensure thorough mixing

of the separate components and drug dissolution. Degas the

units to be tested by sonicating, exposing to vacuum, or by

allowing the solution to stand undisturbed until it is free from

any air bubbles. Proceed as directed for the appropriate unit

volume under Liquid Preparations, and analyze by withdraw-
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ing a minimum of four portions, each of not less than 5 mL,

and count the number of particles equal to or greater than 10

and 25 mm. Disregard the result obtained for the first portion.

Products Labeled ‘‘Pharmacy Bulk Package Not for Di-

rect Infusion’’—Proceed as directed for Liquid Preparations

where the volume is 25 mL or more. Calculate the test result

on a portion that is equivalent to the maximum dose given in

the labeling. For example, if the total bulk package volume is

100 mL and the maximum dose volume is 10 mL, then the

average light obscuration particle count per mL would be mul-

tiplied by 10 to obtain the test result based on the 10-mL max-

imum dose. [NOTE—For the calculations of test results,

consider this maximum dose portion to be the equivalent of

the contents of one full container.]

Calculations

POOLED SAMPLES (SMALL-VOLUME INJECTIONS)

Average the counts from the two or more aliquot portions

analyzed. Calculate the number of particles in each container

by the formula:

PVT /VAn

in which P is the average particle count obtained from the por-

tions analyzed; VT is the volume of pooled sample, in mL; VA is

the volume, in mL, of each portion analyzed; and n is the num-

ber of containers pooled.

INDIVIDUAL SAMPLES (SMALL-VOLUME INJECTIONS)

Average the counts obtained for the 5-mL or greater aliquot

portions from each separate unit analyzed, and calculate the

number of particles in each container by the formula:

PV /VA

in which P is the average particle count obtained from the por-

tions analyzed; V is the volume, in mL, of the tested unit; and

VA is the volume, in mL, of each portion analyzed.

INDIVIDUAL UNIT SAMPLES (LARGE-VOLUME INJECTIONS)

Average the counts obtained for the two or more 5–mL al-

iquot portions taken from the solution unit. Calculate the num-

ber of particles in each mL of Injection taken by the formula:

P / V

in which P is the average particle count for an individual 5-mL

or greater sample volume; and V is the volume, in mL, of the

portion taken.

For all types of product, if the tested material has been dilu-

ted to effect a decrease in viscosity, the dilution factor must be

accounted for in the calculation of the final test result.

Interpretation

The injection meets the requirements of the test if the calcu-

lated number of particles present in each discrete unit tested or

in each pooled sample tested does not exceed the appropriate

value listed in Table 1. If the average number of particles ex-

ceeds the limit, test the article by the Microscopic Particle

Count Test.

Table 1. Light Obscuration Test Particle Count

�10 mm �25 mm

Small-volume injections 6000 600 per contain-

er

Large-volume injections 25 3 per mL

MICROSCOPIC PARTICLE COUNT TEST

The microscopic particulate matter test may be applied to

both large- and small-volume injections. This test enumerates

subvisible, essentially solid, particulate matter in these prod-

ucts on a per volume or per container basis, after collection
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on a microporous membrane filter. Some articles cannot be

tested meaningfully by light obscuration. In such cases, indi-

vidual monographs specify only this microscopic assay. Solu-

tions exempted from analysis using the microscopic assay are

identified on a monograph basis. Examples are solutions that

do not filter readily because of high viscosity (e.g., concentrat-

ed dextrose, starch solutions, or dextrans). In performance of

the microscopic assay, do not attempt to size or enumerate

amorphous, semiliquid, or otherwise morphologically indis-

tinct materials that have the appearance of a stain or discolor-

ation on the membrane surface. These materials show little or

no surface relief and present a gelatinous or film-like appear-

ance. Because in solution this material consists of units on the

order of 1 mm or less, which may be counted only after aggre-

gation or deformation on an analytical membrane, interpreta-

tion of enumeration may be aided by testing a sample of the

solution by using the Light Obscuration Particle Count Test.

Test Apparatus

MICROSCOPE

Use a compound binocular microscope that corrects for

changes in interpupillary distance by maintaining a constant

tube length. The objective and eyepiece combination of lenses

must give a magnification of 100+ 106. The objective must

be of 106 nominal magnification, a planar achromat or better

in quality, with a minimum numerical aperture of 0.25. In ad-

dition, the objectives must be compatible with an episcopic il-

luminator attachment. The eyepieces must be matched. In

addition, one eyepiece must be designed to accept and focus

an eyepiece graticule. The microscope must have a mechanical

stage capable of holding and traversing the entire filtration ar-

ea of a 25- or 47-mm membrane filter.

ILLUMINATORS

Two illuminators are required. One is an external, focusable

illuminator that can be adjusted to give incident oblique illu-

mination at an angle of 108 to 208. The other is an episcopic

brightfield illuminator internal to the microscope. Both illumi-

nators must be of a wattage sufficient to provide a bright, even

source of illumination and may be equipped with blue daylight

filters to decrease operator fatigue during use.

CIRCULAR DIAMETER GRATICULE

Use a circular diameter graticule (see Figure 1) matched to

the microscope model objective and eyepiece such that the siz-

ing circles are within 2% of the stated size at the plane of the

stage.

Figure 1. Circular diameter graticule. The large circle divided

by crosshairs into quadrants is designated the graticule field of

view (GFOV). Transparent and black circles having 10- and

25-mm diameters at 1006 are provided as comparison scales

for particle sizing.
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MICROMETER

Use a stage micrometer, graduated in 10-mm increments. For

initial calibration, use one that is certified by NIST. Thereafter,

for daily calibration/verification, one may use a commercial

stage micrometer graduated in 10-mm increments.

FILTRATION APPARATUS

Use a filter funnel suitable for the volume to be tested, gen-

erally having an inner diameter of about 20 mm. The funnel

may be made of plastic, glass, or stainless steel. Use a filter

support made of stainless steel screen or sintered glass as

the filtration diffuser. The filtration apparatus is equipped with

a vacuum source, a solvent dispenser capable of delivering

solvents filtered through a membrane filter having a nominal

pore size of 0.2 mm or finer at a range of pressures from 10 to

80 psi, and membrane filters (25 or 47 mm nongridded or

gridded, black or dark gray, or of suitable material compatible

with the product, with a nominal pore size of 1.0 mm or finer).

Use nonserrated forceps to handle membrane filters.

Test Environment

Use a unidirectional airflow hood or other unidirectional air-

flow enclosure, having a capacity sufficient to envelop the area

in which the analysis is prepared, and providing HEPA-filtered

air having not more than 100 particles (0.5 mm or larger) per

cubic foot. For the blank determination, deliver a 50-mL vol-

ume of filtered, distilled, or deionized water to the filtration

funnel. Apply a vacuum, and draw the entire volume of water

through the membrane filter. Remove the membrane from the

filter funnel base, and place atop a strip of double-sided tape in

a Petri slide or Petri dish. After allowing the membrane to dry,

examine it microscopically at a magnification of 1006. If not

more than 20 particles 10 mm or larger in size and 5 particles

25 mm or larger are present within the filtration area, the back-

ground particle level is sufficiently low for performance of the

microscopic assay.

Throughout this procedure, it is preferable to use powder-

free gloves and thoroughly clean glassware and equipment.

Before conducting the test, clean the work surfaces of the uni-

directional flow enclosure with an appropriate solvent. Glass-

ware and equipment should be rinsed successively with a

warm, residue-free solution of detergent; hot water; filtered,

distilled, or deionized water; and isopropyl alcohol. [NOTE—

Before use, pass the distilled or deionized water and the iso-

propyl alcohol through membrane filters having a nominal

pore size of 0.2 mm or finer.] Perform the rinsing in the unidi-

rectional airflow enclosure. Allow the glassware and filtration

apparatus to dry in the unidirectional airflow enclosure, up-

stream of all other operations. Preferably, the enclosure should

be located in a separate room that is supplied with filtered, air-

conditioned air and maintained under positive pressure with

respect to the surrounding areas.

MICROSCOPE PREPARATION

Place the auxiliary illuminator close to the microscope

stage, focusing the illuminator to give a concentrated area of

illumination on a filter membrane positioned on the micro-

scope stage. Adjust the illuminator height so that the angle

of incidence of the light is 108 to 208 with the horizontal. Us-

ing the internal episcopic brightfield illuminator, fully open

the field and aperture diaphragms. Center the lamp filament,

and focus the microscope on a filter containing particles. Ad-

just the intensity of reflected illumination until particles are

clearly visible and show pronounced shadows. Adjust the in-

tensity of episcopic illumination to the lowest setting, then in-

crease the intensity of episcopic illumination until shadows

cast by particles show the least perceptible decrease in con-

trast.
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OPERATION OF CIRCULAR DIAMETER GRATICULE

The relative error of the graticule used must initially be mea-

sured with an NIST-certified stage micrometer. To accomplish

this, align the graticule micrometer scale with the stage micro-

meter so that they are parallel. (Compare the scales, using as

large a number of graduations on each as possible.) Read the

number of graticule scale divisions, GSD, compared to stage

micrometer divisions, SMD. Calculate the relative error by the

formula:

100[(GSD – SMD) / SMD]

A relative error of +2% is acceptable. The basic technique of

measurement applied with the use of the circular diameter gra-

ticule is to transform mentally the image of each particle into a

circle and then compare it to the 10- and 25-mm graticule ref-

erence circles. The sizing process is carried out without super-

imposing the particle on the reference circles; particles are not

moved from their locations within the GFOV (the large circle)

for comparison to the reference circles. Compare the area of

the particle being sized to that of the black or transparent cir-

cles. Use the area of the clear graticule reference circles to size

white or transparent particles. Use the area of the black refer-

ence circles to size dark particles.

Rotate the graticule in the right microscope eyepiece so that

the linear scale is located at the bottom of the field of view,

bringing the graticule into sharp focus by adjusting the right

eyepiece diopter ring while viewing an out-of-focus specimen.

Focus the microscope on a specimen, looking through the

right eyepiece only. Then, looking through the left eyepiece,

adjust the left eyepiece diopter to bring the specimen into

sharp focus.

PREPARATION OF FILTRATION APPARATUS

Preferably, wash the filtration funnel, base, and diffuser in a

solution of liquid detergent and hot water. Rinse with hot wa-

ter. Following the hot water rinse, apply a second rinse with

filtered, distilled, or deionized water, using a pressurized jet

of water over the entire exterior and interior surfaces of the

filtration apparatus. Repeat the pressurized rinse procedure us-

ing filtered isopropyl alcohol. Finally, using the pressurized

rinser, rinse the apparatus with filtered, distilled, or deionized

water.

Remove a membrane filter from its container, using ultra-

cleaned, nonserrated forceps. Use a low pressurized stream

of filtered purified water to wash both sides of the filter thor-

oughly by starting at the top and sweeping back and forth to

the bottom. Assemble the cleaned filtration apparatus with the

diffuser on top of the filtration base, placing the clean

membrane filter on top of the diffuser. Place the funnel assem-

bly on top of the filtration base, and lock it into place.

Test Procedure

TEST PREPARATIONS

Proceed as directed for Test Preparation under the Light Ob-

scuration Particle Count Test, beginning with ‘‘Prepare the

test specimens in the following sequence’’, and ending with

‘‘For large-volume injections, individual units are tested.’’

For small-volume injections containing a volume of 25 mL

or more and tested individually and for large-volume injec-

tions, the entire unit volume is tested. For large-volume injec-

tions or for small-volume injections where the individual unit

volume is 25 mL or more, fewer than 10 units may be tested,

based on the definition of an appropriate sampling plan.

PRODUCT DETERMINATION

Depending upon the dosage form being tested, proceed as

directed under the appropriate category below.

Liquid Preparations—Thoroughly mix the units to be

tested by inverting 20 times. Open the units in a manner con-

sistent with the generation of the lowest possible numbers of

background particles. For products less than 25 mL in volume,
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open and combine the contents of 10 or more units in a cleaned

container. Filter large-volume injection units individually.

Small-volume injection units having a volume of 25 mL or

more may be filtered individually.

Transfer to the filtration funnel the total volume of a solution

pool or of a single unit, and apply a vacuum. If the volume of

solution to be filtered exceeds the volume of the filtration fun-

nel, add, stepwise, a portion of the solution until the entire vol-

ume is filtered. If the partial count procedure is to be used (see

Partial Count Procedure under Enumeration of Particles), do

not allow the liquid volume in the filtration funnel to drop be-

low approximately one-half of the funnel volume between re-

fills. [NOTE—Use a filter funnel appropriate to the volume of

solution if a partial count procedure is to be employed. This

is necessary to ensure even distribution of particles on the an-

alytical membrane.]

After the last addition of solution, begin rinsing the walls of

the funnel by directing a low-pressure stream of filtered, dis-

tilled, or deionized water in a circular pattern along the walls

of the funnel, and stop rinsing the funnel before the volume

falls below about one-fourth of the fill level. Maintain the vac-

uum until all the liquid in the funnel is gone.

Remove the filtration funnel from the filtration base while

maintaining a vacuum, then turn the vacuum off and remove

the filter membrane with nonserrated forceps. Place the filter in

a Petri dish or similar container, secure in place with double-

sided tape, and label with sample identification. Allow the fil-

ter to air-dry in the unidirectional airflow enclosure with the

cover ajar.

Dry or Lyophilized Preparations—To test a dry powder

vial or similar container of drug powder, constitute the mate-

rial with an appropriate diluent, using the method least likely

to introduce extraneous contamination, as directed for Test

Preparation under Light Obscuration Particle Count Test. Us-

ing a solution pool of 10 or more units, or the desired number

of individual units, proceed as directed for Liquid Prepara-

tions.

Products Packaged with Dual Compartments Con-

structed to Hold the Drug Product and a Solvent in Separ-

ate Compartments—Activate each unit as directed in the

labeling, agitating the contents sufficiently to ensure thorough

mixing of the separate components, and then proceed as di-

rected for Liquid Preparations.

Pharmacy Bulk Packages or Multiple-Dose Con-

tainers—For Products Labeled ‘‘Pharmacy Bulk Package—

Not for Direct Infusion’’ or for multiple-dose containers, pro-

ceed as directed for Liquid Preparations, filtering the total unit

volume.

Calculate the test result on a portion that is equal to the max-

imum dose given in the labeling. Consider this portion to be

the equivalent of the contents of one full container. For exam-

ple, if the total bulk package volume is 100 mL and the max-

imum dose listed is 10 mL, the microscopic total unit volume

count test result would be multiplied by 0.1 to obtain the test

result for the 10-mL dose volume. [NOTE—For calculation of

the test result, consider this portion to be the equivalent of the

contents of one full container.]

Enumeration of Particles

The microscopic test described in this section is flexible in

that it can count, in particles per mL, specimens containing 1

particle per mL as well as those containing significantly higher

numbers of particles per mL. This method may be used where

all particles on an analysis membrane surface are counted or

where only those particles on some fractional area of a

membrane surface are counted.

TOTAL COUNT PROCEDURE

In performance of a total count, the graticule field of view

(GFOV) defined by the large circle of the graticule is ignored,

and the vertical crosshair is used. Scan the entire membrane

from right to left in a path that adjoins but does not overlap

the first scan path. Repeat this procedure, moving from left
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to right to left until all particles on the membrane are counted.

Record the total number of particles that are 10 mm or larger

and the number that are 25 mm or larger. For large-volume in-

jections, calculate the particle count, in particles per mL, for

the unit tested by the formula:

P / V

where P is the total number of particles counted; and V is the

volume, in mL, of the solution. For small-volume injections,

calculate the particle count, in particles per container, by the

formula:

P / n

in which P is the total number of particles counted; and n is the

number of units pooled (1 in the case of an individual unit).

PARTIAL COUNT PROCEDURE

If a partial count of particles on a membrane is to be per-

formed, the analyst must first ensure that an even distribution

of particles is present on the membrane. This is assessed by

rapid scanning to look for clumps of particles. None should

be present. Count the 10-mm or larger particles in one GFOV

at the edge of the filtration area as well as those in the center of

the membrane. The number of �10-mm or larger particles in

the GFOVwith the highest total particle count is not more than

twice that of the GFOV with the lowest particle count. Reject a

filter failing these criteria, and prepare another if a partial

count procedure is used, or alternatively, analyze this

membrane by the total count method.

The normal number of GFOV counted for a partial count is

20. If a smaller confidence interval about the result is desired, a

larger number of fields and particles may be counted. Count all

particles that have a circular area diameter of 10 mm or larger

and 25 mm or larger within the GFOV and those that are in

contact with the right side of the GFOV circle. Do not count

particles outside of the GFOV. Ignore those that touch the left

side of the GFOV circle. The dividing line between right and

left sides of the GFOV circle is the vertical cross hair. [NOTE—

Make the best possible judgment on particle size without

changing the microscope magnification or illumination.]

To perform a partial count of the particles on a membrane,

start at the right center edge of the filtration area and begin

counting adjacent GFOVs. When the left edge of the filtration

area is reached, move one GFOV toward the top of the filter,

and continue counting GFOVs by moving in the opposite di-

rection. Moving from one GFOV to the next can be accom-

plished by one of two methods. One method is to define a

landmark (particle or surface irregularity in the filter) and

move over one GFOV in relation to the landmark. A second

method is to use the vernier on the microscope stage to move 1

mm between GFOVs. To facilitate the latter, adjust the micro-

scope x- and y-stage positioning controls to a whole number at

the starting position at the center right edge of the filtration

area, then each GFOV will be one whole division of move-

ment of the x–stage positioning control. If the top of the filtra-

tion area is reached before the desired number of GFOVs is

reached, begin again at the right center edge of the filtration

area one GFOV lower than the first time. This time move

downward on the membrane when the end of a row of GFOVs

is reached. Continue as before until the number of GFOVs is

complete.

For large-volume injections, if a partial count procedure for

the �10- and �25-mm size ranges is used, calculate the parti-

cles per mL by the formula:

PAT / APV

in which P is the number of particles counted; AT is the filtra-

tion area, in mm2, of the membrane; AP is the partial area

counted, in mm2, based on the number of graticule fields

counted; and V is the volume, in mL, of solution filtered.
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For a solution pool (for small-volume injection units contain-

ing less than 25 mL) or for a single unit of a small-volume

injection, calculate the number of particles per unit by the for-

mula:

PAT / APn

in which n is the number of units counted (1 in the case of an

individual unit); and the other terms are as defined above.

For all types of product, if the tested material has been dilu-

ted to effect a decrease in viscosity, the dilution factor must be

accounted for in the calculation of the final test result.

Interpretation

The injection meets the requirements of the test if the num-

ber of particles present (actual or calculated) in each discrete

unit tested or in each pooled sample tested does not exceed the

appropriate value listed in Table 2.

Table 2. Microscopic Method Particle Count

�10 mm �25 mm

Small-volume

injections 3000

300 per contain-

er

Large-volume

injections 12 2 per mL

&1S (USP32)

DIETARY SUPPLEMENTS

General Chapters—General
Information

BRIEFING

h2040i Disintegration and Dissolution of Dietary Supplements,
USP 30 page 728 and page 1795 of PF 32(6) [Nov.–Dec. 2006]. In
the Rupture Test for Soft Gelatin Capsules, capsules are required to
sink to the bottom of the vessel. However, depending on the types of
excipients and dietary ingredients, many soft gelatin capsules have a
density lower than the medium being used, and therefore float on the
dissolution medium. In those cases, the use of sinkers is expected as
directed in General Chapter h711i Dissolution. However, it is not
clearly indicated in the current version of this General Chapter. This
revision to the rupture test, to be called Rupture Test for Soft Shell
Capsules, is proposed to clarify that sinkers should be used in cases
where capsules float. It is also proposed to add a second tier to the
rupture test for the same reasons that apply to Dissolution, including
cross-linking of gelatin. In the revision, it is directed to repeat the test
with the addition of enzymes to the medium as a Tier 2 test if soft
gelatin capsules do not conform to the rupture acceptance criteria
in Tier 1.

(DS-BA: P. Jin) RTS—C58905

Add the following:

~

INTRODUCTION

This general chapter is provided to determine compliance

with the disintegration and dissolution standards for dietary

supplements where stated in the individual monographs.

For the purposes of this chapter, dietary supplement dosage

forms have been divided into three categories: Vitamin–Min-

eral, Botanical, and Dietary Supplements Other Than Vita-

min–Mineral and Botanical. Vitamin–Mineral Dosage

Forms include articles prepared with vitamins, minerals, or

combinations of these dietary ingredients (e.g., USP dietary

supplements Classes I to VI described below); Botanical Dos-

age Forms comprise formulations containing ingredients of

botanical origin, including plant materials and extracts; and

Dietary Supplements Other Than Vitamin–Mineral and Botan-
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ical Dosage Forms encompass dietary supplements formulat-

ed with lawfully recognized dietary ingredients which are dif-

ferent from those pertaining to the two foregoing categories

(e.g., amino acids, chondroitin, and glucosamine.)

Where a dietary supplement represents a combination of the

categories mentioned above, and there is a difference between

the requirements for the individual categories, the more strin-

gent requirement applies.

Dissolution testing as described in this chapter is a quality-

control tool to enable the performance of dietary supplements

to be routinely assessed.~USP31

Change to read:

DISINTEGRATION

This test is provided to determine compliance with the limits on
Disintegration stated below or in the individual class monographs
on dietary supplements, including botanical dosage forms. This test
applies to uncoated and plain coated tablets and to hard gelatin and
soft gelatin capsules. It does not apply to tablets or capsules designed
to liberate vitamin or mineral content over an extended period or
where the label states that the dosage form is to be chewed. Determine
the type of units under test from the labeling and from observation,
and apply the appropriate procedure to 6 or more dosage units.
For the purposes of this test, disintegration does not imply com-

plete solution of the unit or even of its active constituent. Complete
disintegration is defined as that state in which any residue of the unit,
except fragments of insoluble coating or capsule shell remaining on
the screen of the test apparatus, is a soft mass having no palpably firm
core.

~

This test is provided to determine whether dietary supple-

ment tablets or capsules disintegrate within the prescribed time

when placed in a liquid medium at the experimental conditions

presented below. Compliance with the limits on Disintegra-

tion stated in the individual monographs for dietary supple-

ments is required except where the label states that the

products are intended for use as troches, are to be chewed,

or are designed as extended-release dosage forms. Dietary

supplements claiming to be extended-release dosage forms

must comply with standards other than disintegration to verify

that the release of the dietary ingredients from the dosage form

is for a defined period of time. Dietary supplements claiming

to be extended-release dosage forms shall not be labeled as in

compliance with USP unless a USP monograph exists for such

product. Determine the type of units under test from the label-

ing and from observation, and apply the appropriate procedure

to 6 or more units.

For purposes of this test, disintegration does not imply com-

plete solution of the unit or even of its active constituent. Com-

plete disintegration is defined as that state in which any residue

of the unit, except fragments of insoluble coating or capsule

shell, remaining on the screen of the test apparatus or adhering

to the lower surface of the disk, if used, is a soft mass having

no palpably firm core.~USP31

Apparatus

Apparatus A—Use the Apparatus described under Disintegration
h701i for tablets or capsules that are not greater than 18-mm long. For
larger tablets or capsules, use Apparatus B.

Apparatus B—The apparatus1 consists of a basket-rack assembly,
a 1000-mL, low-form beaker for the immersion fluid, a thermostatic
arrangement for heating the fluid between 358 and 398, and a device
for raising and lowering the basket in the immersion fluid at a con-
stant frequency rate between 29 and 32 cycles per minute through a
distance of not less than 5.3 cm

~

53 mm~USP31

and not more than 5.7 cm

~

57 mm.~USP31

The volume of the fluid in the vessel is such that at the highest point
of the upward stroke the wire mesh remains at least 2.5 cm

~

15 mm~USP31

below the surface of the fluid and descends to not less than 2.5 cm

~

25 mm~USP31

from the bottom of the vessel on the downward stroke.

~

At no time should the top of the basket-rack assembly be-

come submerged.~USP31

The time required for the upward stroke is equal to the time required
for the downward stroke, and the change in stroke direction is a
smooth transition rather than an abrupt reversal of motion. The bas-
ket-rack assembly moves vertically along its axis. There is no appre-
ciable horizontal motion or movement of the axis from the vertical.

Basket-Rack Assembly—The basket-rack assembly consists of
three open-ended transparent tubes, each 7.95- + 0.05-cm

~

77.5+ 2.5 mm~USP31

long and having an inside diameter of approximately 33.3mm

~

32.0 to 34.6 mm~USP31

and a wall approximately 2.4 mm

~

2.0 to 3.0 mm~USP31

thick; the tubes are held in a vertical position by two plastic plates,
each about 9.7 cm

~

97 mm~USP31

in diameter and 9.5 mm

1 An apparatus and disks meeting these specifications are available from Van-
Kel Technology Group
~Varian Inc.,~USP31

13000 Weston Parkway, Cary, NC 27513, or from laboratory supply
houses.
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~

7.5 to 10.5 mm~USP31

in thickness, with three holes, each about 39 mm

~

33 to 34 mm~USP31

in diameter, equidistant from the center of the plate and equally
spaced from one another. Attached to the under surface of the lower
plate is 10-mesh No. 23 (0.025-inch) W. and M. gauge woven stain-
less-steel wire cloth having a plain square weave. The parts of the
apparatus are assembled and rigidly held by means of three bolts pas-
sing through the two plastic plates. A suitable means is provided to
suspend the basket-rack assembly from the raising and lowering de-
vice using a point on its axis.
The design of the basket-rack assembly may be varied somewhat

provided the specifications for the glass tubes and the screen mesh
size are maintained.

Disks—Each tube is provided with a perforated cylindrical disk
15.3- + 0.15-mm thick and 31.4+ 0.13 mm in diameter. The disk
is made of a suitable, transparent plastic material having a specific
gravity of between 1.18 and 1.20. Seven 3.2-mm

~

3.15- + 0.1-mm~USP31

holes extend between the ends of the cylinder, one of the holes being
through the cylinder axis and the others parallel with it equally spaced
on a 6-mm

~

4.2- + 0.1-mm~USP31

radius from it. All surfaces of the disk are smooth.

~2
~USP31

Procedure

VITAMIN–MINERAL DOSAGE FORMS

Uncoated Tablets and Film-Coated Tablets—Place 1 tablet in
each of the tubes of the basket, add a disk to each tube, and operate
the apparatus, using water maintained at 37+ 28 as the immersion
fluid. At the end of 30 minutes, lift the basket from the fluid, and ob-
serve the tablets: all of the tablets disintegrate completely. If 1 or 2
tablets fail to disintegrate completely, repeat the test on 12 additional
tablets: not fewer than 16 of the total of 18 tablets tested disintegrate
completely.

Plain Coated Tablets (Other Than Film-Coated Tablets)—
Place 1 tablet in each of the tubes of the basket and, if the tablet
has a soluble external coating, immerse the basket in water at room
temperature for 5 minutes. Then add a disk to each tube, and operate
the apparatus, using water maintained at 37+ 28 as the immersion
fluid. After 45 minutes of operation in water, lift the basket from
the fluid, and observe the tablets: all of the tablets have disintegrated
completely. If 1 or 2 tablets fail to disintegrate completely, repeat the
test on 12 additional tablets: not fewer than 16 of the total of 18 tab-
lets tested disintegrate completely.

Hard Gelatin Capsules—Apply the test for Uncoated Tablets, us-
ing 0.05M acetate buffer, prepared by mixing 2.99 g of sodium ace-
tate trihydrate and 1.66 mL of glacial acetic acid with water to obtain
1000 mL of solution having a pH of 4.50+ 0.05, maintained at
37+ 28 as the immersion fluid. At the end of 45 minutes, lift the bas-
ket from the fluid, and observe the capsules: all of the capsules dis-
integrate except for fragments from the capsule shell. If 1 or 2
capsules fail to disintegrate completely, repeat the test on 12 addition-
al capsules: not fewer than 16 of the total of 18 capsules tested dis-
integrate completely.

Soft Gelatin Capsules—Proceed as directed under Rupture Test
for Soft Gelatin Capsules.

BOTANICAL DOSAGE FORMS

Uncoated Tablets and Film-Coated Tablets—[NOTE—Omit the
use of disks unless otherwise specified in the individual monograph.]
Place 1 tablet in each of the tubes of the basket, and operate the ap-
paratus, using water maintained at 37+ 28 as the immersion fluid. At
the end of 20 minutes, lift the basket from the fluid, and observe the
tablets: all of the tablets disintegrate completely. If 1 or 2 tablets fail to
disintegrate completely, repeat the test on 12 additional tablets: not
fewer than 16 of the total of 18 tablets tested disintegrate completely.

Plain Coated Tablets (other than Film-Coated Tablets)—
[NOTE—Omit the use of disks, unless otherwise specified in the indi-
vidual monograph.] Place 1 tablet in each of the tubes of the basket
and, if the tablet has a soluble external coating, immerse the basket in
water at room temperature for 5 minutes. Operate the apparatus using
water maintained at 37+ 28 as the immersion fluid. After 20 minutes
of operation in water, lift the basket from the fluid, and observe the
tablets: all of the tablets have disintegrated completely. If 1 or 2 of the
tablets fail to disintegrate completely, repeat the test on 12 additional
tablets: not fewer than 16 of the total of 18 tablets tested disintegrate
completely.

Delayed-Release (Enteric-Coated) Tablets—Place 1 tablet in
each of the six tubes of the basket, and if the tablet has a soluble ex-
ternal coating, immerse the basket in water at room temperature for 5
minutes. Then operate the apparatus using simulated gastric fluid TS
maintained at 37+ 28 as the immersion fluid. After 1 hour of oper-
ation in simulated gastric fluid TS, lift the basket from the fluid, and
observe the tablets: the tablets show no evidence of disintegration,
cracking, or softening. Operate the apparatus, using simulated intes-
tinal fluid TS, maintained at 37+ 28 as the immersion fluid, for the
time specified in the monograph. Lift the basket from the fluid, and
observe the tablets: all of the tablets disintegrate completely. If 1 or 2
tablets fail to disintegrate completely, repeat the test on 12 additional
tablets: not fewer than 16 of the total of 18 tablets tested disintegrate
completely.

Hard Gelatin Capsules—Apply the test for Uncoated Tablets, us-
ing 0.05M acetate buffer, prepared by mixing 2.99 g of sodium ace-
tate trihydrate and 1.66 mL of glacial acetic acid with water to obtain
1000 mL of solution having a pH of 4.50+ 0.05, maintained at
37+ 28 as the immersion fluid. At the end of 20 minutes, lift the bas-
ket from the fluid, and observe the capsules: all of the capsules dis-
integrate except for fragments from the capsule shell. If 1 or 2
capsules fail to disintegrate completely, repeat the test on 12 addition-
al capsules: not fewer than 16 of the total of 18 capsules tested dis-
integrate completely.

Soft Gelatin Capsules—Proceed as directed under Rupture Test
for Soft Gelatin Capsules.

~Procedure

Uncoated Tablets—Place 1 tablet in each of the tubes of the

basket and, if prescribed, add a disk to each tube. Operate the

apparatus, using water or the specified medium as the immer-

sion fluid, maintained at 37+ 28. At the end of 30 minutes, lift

the basket from the fluid, and observe the tablets: all of the

tablets disintegrate completely. If 1 or 2 tablets fail to disinte-

grate completely, repeat the test on 12 additional tablets. The

requirement is met if not fewer than 16 of the total of 18 tablets

tested disintegrate completely.
~2 The use of automatic detection employing modified disks is per-
mitted where the use of disks is specified or allowed. Such disks must
comply with the requirements for density and dimensions given in
this chapter.~USP31
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Plain Coated Tablets—Place 1 tablet in each of the tubes of

the basket and, if the tablet has a soluble external sugar coat-

ing, immerse the basket in water at room temperature for 5

minutes. Then, if prescribed, add a disk to each tube, and op-

erate the apparatus, using water or the specified medium as the

immersion fluid, maintained at 37+ 28. At the end of 30 min-

utes, lift the basket from the fluid, and observe the tablets: all

of the tablets disintegrate completely. If 1 or 2 tablets fail to

disintegrate completely, repeat the test on 12 additional tablets.

The requirement is met if not fewer than 16 of the total of 18

tablets tested disintegrate completely.

Delayed-Release (Enteric-Coated) Tablets—Place 1 tab-

let in each of the six tubes of the basket, and if the tablet

has a soluble external sugar coating, immerse the basket in wa-

ter at room temperature for 5 minutes. Then operate the appa-

ratus using simulated gastric fluid TS maintained at 37+ 28 as

the immersion fluid. After 1 hour of operation in simulated

gastric fluid TS, lift the basket from the fluid, and observe

the tablets: the tablets show no evidence of disintegration,

cracking, or softening. Operate the apparatus, using simulated

intestinal fluid TS, maintained at 37+ 28, as the immersion

fluid for the time specified in the monograph. Lift the basket

from the fluid, and observe the tablets: all of the tablets disin-

tegrate completely. If 1 or 2 tablets fail to disintegrate com-

pletely, repeat the test on 12 additional tablets: not fewer

than 16 of the total of 18 tablets tested disintegrate completely.

Buccal Tablets—Apply the test for Uncoated Tablets. After

4 hours, lift the basket from the fluid, and observe the tablets:

all of the tablets disintegrate completely. If 1 or 2 tablets fail to

disintegrate completely, repeat the test on 12 additional tab-

lets: not fewer than 16 of the total of 18 tablets tested disinte-

grate completely.

Sublingual Tablets—Apply the test for Uncoated Tablets.

At the end of the time limit specified in the individual mono-

graph, all of the tablets disintegrate completely. If 1 or 2 tablets

fail to disintegrate completely, repeat the test on 12 additional

tablets: not fewer than 16 of the total of 18 tablets tested dis-

integrate completely.

Hard Shell Capsules—Apply the test for Uncoated Tab-

lets, using as the immersion fluid, maintained at 37+ 28, a

0.05M acetate buffer prepared by mixing 2.99 g of sodium ac-

etate trihydrate and 1.66 mL of glacial acetic acid with water to

obtain a 1000-mL solution having a pH of 4.50+ 0.05. Attach

a removable wire cloth, as described under Basket-Rack As-

sembly, to the surface of the upper plate of the basket-rack as-

sembly. At the end of 30 minutes, lift the basket from the fluid,

and observe the capsules: all of the capsules disintegrate ex-

cept for fragments from the capsule shell. If 1 or 2 capsules

fail to disintegrate completely, repeat the test on 12 additional

capsules: not fewer than 16 of the total of 18 capsules tested

disintegrate completely.

Soft Shell Capsules—Proceed as directed under Rupture

Test for Soft Shell Capsules.

Use of Disks—

VITAMIN–MINERAL DOSAGE FORMS—Add a disk to each tube

unless otherwise specified in the individual monograph.

BOTANICAL DOSAGE FORMS—Omit the use of disks unless

otherwise specified in the individual monograph.

DIETARY SUPPLEMENTS OTHERTHAN VITAMIN–MINERAL AND

BOTANICAL DOSAGE FORMS—Omit the use of disks unless

otherwise specified in the individual monograph.

NOTE—The use of disks for enteric-coated tablets is not

permitted.~USP31
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Change to read:

RUPTURE TEST FOR SOFT GELATIN
CAPSULES

~

RUPTURE TEST FOR SOFT SHELL

CAPSULES~USP31

Medium: water; 500 mL.

Apparatus—Use Apparatus 2 as described under Dissolution
h711i, operating at 50 rpm.

Time: 15 minutes.

Procedure—Place 1 capsule in each vessel, and allow the capsule
to sink to the bottom of the vessel before starting rotation of the blade.

&Use sinkers if the capsules float.&1S (USP32)

Observe the capsules, and record the time taken for each capsule shell
to rupture.

Tolerances—The requirements are met if all of the capsules tested
rupture in not more than 15 minutes. If 1 or 2 of the capsules rupture
in more than 15 but not more than 30 minutes, repeat the test on 12
additional capsules: not more than 2 of the total of 18 capsules tested
rupture in more than 15 but not more than 30 minutes.

&For soft gelatin capsules that do not conform to the above

rupture test acceptance criteria, repeat the test with the addi-

tion of purified pepsin to theMedium that results in an activity

of 750,000 Units or less per 1000 mL.&1S (USP32)

Change to read:

DISSOLUTION

~

This test is provided to determine compliance with the Dis-

solution requirements where stated in the individual mono-

graph for dietary supplements, except where the label states

that tablets are to be chewed.

See Dissolution h711i for description of apparatus used, Ap-

paratus Suitability Test, and other related information. Of the

types of apparatus described in h711i, use the one specified in

the individual monograph.

For hard or soft gelatin capsules and gelatin-coated tablets

that do not conform to the dissolution specification, repeat the

test as follows. Where water or a medium with a pH of less

than 6.8 is specified as the Medium in the individual mono-

graph, the same Medium specified may be used with the addi-

tion of purified pepsin that results in an activity of 750,000

Units or less per 1000 mL. For media with a pH of 6.8 or great-

er, pancreatin can be added to produce not more than 1750

USP Units of protease activity per 1000 mL.

This nonspecific dissolution is intended to be diagnostic of

known technological problems that may arise as a result of

coatings, lubricants, disintegrants, and other substances inher-

ent in the manufacturing process. For dosage forms containing

botanical extracts, this dissolution measurement allows an as-

sessment of the extent of decomposition of the extract to poly-

meric or other nondissoluble compounds that may have been

produced by excessive drying or other manipulations involved

in the manufacture of botanical extracts. The operative as-

sumption inherent in this procedure is that if the index or

marker compound(s) or the extract is demonstrated to have

dissolved within the time frame and under conditions speci-

fied, the dosage form does not suffer from any of the above

formulation or manufacturing related problems.~USP31

Vitamin–Mineral Dosage Forms

This test is provided to determine compliance with the dissolution
requirements where stated in the individual class monographs for a
tablet or capsule dosage form, except where the label states that the
tablets are to be chewed. It does not apply to tablets or capsules de-
signed to release vitamin or mineral content over a delayed or extend-
ed period of time. Soft gelatin capsule preparations of dietary
supplements meet the requirements for Disintegration.
All dietary supplements belonging to USP Classes II to VI, pre-

pared as tablets or capsules, are subject to the dissolution test and cri-
teria described in this chapter for folic acid (if present) and for index
vitamins and index minerals. This test is also required if the product
labeling includes a health claim concerning

~

required because of the importance of~USP31

the relationship between folate deficiency and the risk of neural tube
defects. The accompanying table lists the dissolution requirements
for the individual USP classes of dietary supplements. Class I dietary
supplements are combinations of oil-soluble vitamins which are ex-
empt from dissolution requirements;

~

for which dissolution standards are not established;~USP31

hence, dissolution requirements do not apply to the oil-soluble vita-
mins contained in formulations belonging to Class IV or Class V.

~

Vitamin–mineral combinations that may not be strictly cov-

ered by USP Classes I to VI are subject to the dissolution test

and criteria specified in the individual monographs.~USP31
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Dietary Supplements—Vitamin–Mineral
Dosage Forms

USP
Class

Combination of
Vitamins or Minerals

Present Dissolution Requirement

I Oil-Soluble Vitamins not applicable
II Water-Soluble Vitamins one index vitamin; folic acid (if

present)
III Water-Soluble Vitamins

with Minerals
one index vitamin and one in-
dex element; folic acid (if pre-
sent)

IV Oil- and Water-Soluble
Vitamins

one index water-soluble vita-
min; folic acid (if present)

V Oil- and Water-Soluble
Vitamins with Minerals

one index water-soluble vita-
min and one index element; fo-
lic acid (if present)

VI Minerals one index element

Unless otherwise stated in the individual monograph, test 6 dosage
units for dissolution as directed under Dissolution h711i.

DISSOLUTION CONDITIONS FOR FOLIC ACID

NOTE—Perform this test under subdued light

~

light conditions that minimize photo degradation.~USP31

Medium: water; 900 mL. If the units tested do not meet the re-
quirements for dissolution in water, test 6 additional dosage units for
dissolution in a medium of 900 mL of 0.05M pH 6.0 citrate buffer
solution, prepared by mixing 9.5 mL of 0.1M citric acid monohy-
drate and 40.5 mL of 0.1M sodium citrate dihydrate in a 100-mL vol-
umetric flask, diluting with water to volume, mixing, and adjusting to
a pH of 6.0 by using either 0.1M hydrochloric acid or 0.1M sodium
hydroxide solution.

Apparatus 1: 100 rpm, for capsules.

Apparatus 2: 75 rpm, for tablets.

Time: 1 hour.

~

NOTE—Compliance with the dissolution requirements

for folic acid does not exempt the product from dissolution

testing of the pertinent index vitamin or the corresponding in-

dex mineral.~USP31

DISSOLUTION CONDITIONS FOR INDEX VITAMINS AND INDEX

MINERALS

Medium: 0.1N hydrochloric acid; 900 mL.

Apparatus 1: 100 rpm, for capsules.

Apparatus 2: 75 rpm, for tablets.

Time: 1 hour.
For formulations containing 25 mg or more of the index vitamin,

riboflavin, use the following conditions:

Medium: 0.1N hydrochloric acid; 1800 mL.

Apparatus 1: 100 rpm, for capsules.

Apparatus 2: 75 rpm, for tablets.

Time: 1 hour.

~

NOTE—Compliance with dissolution requirements for

the pertinent index vitamin or index mineral does not exempt

the product from dissolution testing of folic acid, if

present.~USP31

SELECTION OF INDEX VITAMINS AND INDEX ELEMENTS

Compliance with the dissolution requirements for dietary supple-
ments representing combinations of water-soluble vitamins (Water-
Soluble Vitamins Capsules and Water-Soluble Vitamins Tablets) and
combinations of oil- and water-soluble vitamins (Oil- and Water-Sol-
uble Vitamins Capsules and Oil- and Water-Soluble Vitamins Tablets)
is determined by measuring the dissolution of a single index vitamin
from the water-soluble vitamins present. Riboflavin is the index vita-
min when present in the formulation. For formulations that do not
contain riboflavin, pyridoxine is the index vitamin. If neither ribofla-
vin nor pyridoxine is present in the formulation, the index vitamin is
niacinamide (or niacin), and in the absence of niacinamide (or niacin),
the index vitamin is thiamine. If none of the above four water-soluble
vitamins is present in the formulation, the index vitamin is ascorbic
acid.
Compliance with the dissolution requirements for dietary supple-

ments representing combinations of minerals (Minerals Capsules and
Minerals Tablets) is determined by measuring the dissolution of only
one index element. Iron is the index element when present in the for-
mulation. For formulations that do not contain iron, the index element
is calcium. If neither iron nor calcium is present, the index element is
zinc, and in the absence of all three of these elements, magnesium is
the index element.
Compliance with dissolution requirements for dietary supplements

representing combinations of water-soluble vitamins and minerals
(Water-Soluble Vitamins with Minerals Capsules and Water-Soluble
Vitamins with Minerals Tablets) and combinations of oil- and water-
soluble vitamins and minerals (Oil- and Water-Soluble Vitamins with
Minerals Capsules and Oil- and Water-Soluble Vitamins with Miner-
als Tablets) is determined by measuring the dissolution of one index
water-soluble vitamin and one index element, designated according
to the respective hierarchies described above.

PROCEDURES

In the following procedures, combine equal volumes of the filtered
solutions of the 6 individual specimens withdrawn, and determine the
amount of folic acid or the index vitamin or element dissolved, based
on the average of 6 units tested. Make any necessary modifications
including concentration of the analyte in the volume of test solution
taken. Use the Medium for preparation of the Standard solution and
dilution, if necessary, of the test solution.

Folic Acid—Determine the amount of C19H19N7O6 dissolved by
employing the procedure set forth in the Assay for folic acid under
Oil- and Water-Soluble Vitamins with Minerals Tablets, in compari-
son with a Standard solution having a known concentration of USP
Folic Acid RS in the same Medium.

Niacin or Niacinamide, Pyridoxine, Riboflavin, and Thia-
mine—Determine the amount of the designated index vitamin dis-
solved by employing the procedure set forth in the Assay for niacin
or niacinamide, pyridoxine, riboflavin, and thiamine under Water-
Soluble Vitamins Tablets.

Ascorbic Acid—Determine the amount of C6H8O6 dissolved by
adding 10 mL of 1.0 N sulfuric acid and 3 mL of starch TS to
100.0 mL of test solution, and titrating immediately with 0.01N io-
dine VS. Perform a blank determination, and make any necessary cor-
rection.

Iron, Calcium, Magnesium, and Zinc—Determine the amount of
the designated index element dissolved by employing the procedure
set forth in the appropriate Assay under Minerals Capsules.

TOLERANCES

The requirements are met if not less than 75% of the labeled con-
tent of folic acid and not less than 75% of the labeled content of the
index vitamin or the index element from the units tested is dissolved
in 1 hour.

Pharmacopeial Forum
440 Vol. 34(2) [Mar.–Apr. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.



Botanical Dosage Forms

This test is provided to determine compliance with the dissolution
requirements where stated in the individual monograph for a tablet or
capsule dosage form. See Dissolution h711i for description of appa-
ratus used, Apparatus Suitability Test, and other related information.
Of the types of apparatus described in h711i, use the one specified in
the individual monograph. Where the label states that an article is en-
teric-coated, and a dissolution or disintegration test that does not spe-
cifically state that it is to be applied to enteric-coated articles is
included in the individual monograph, the test for Delayed-Release
Articles under Drug Release h724i is applied, unless otherwise spec-
ified in the individual monograph. Compliance with dissolution re-
quirements is determined by testing 6 dosage units individually, or
testing 2 or more counted number of dosage units in each vessel,
and measuring the dissolution of one or more index/marker com-
pound(s) or the extract specified in the individual monograph. This
nonspecific dissolution is intended to be diagnostic of known techno-
logical problems that may arise due to coatings, lubricants, disinte-
grants, and other substances inherent in the manufacturing process.
Further, this dissolution measurement allows an assessment of the ex-
tent of decomposition of the extract to polymeric or other nondisso-
luble compounds that may have been produced by excessive drying
or other manipulations involved in the manufacture of botanical ex-
tracts. The operative assumption inherent in this procedure is that if
the index or marker compound(s) or the extract is demonstrated to
have dissolved within the time frame and under conditions specified,
the dosage form does not suffer from any of the above formulation or
manufacturing related problems.

~

Compliance with dissolution requirements necessitates the

testing of 6 dosage units individually, or testing 2 or more dos-

age units in each of the 6 vessels of the dissolution apparatus,

and measuring the dissolution of one or more index/marker

compound(s) or the extract specified in the individual mono-

graph.~USP31

PROCEDURES

Combine equal volumes of the filtered solutions of the 6 or more
individual specimens withdrawn, and use the pooled sample as the
test solution. Determine the average amount of index or marker com-
pound(s) or the extract dissolved in the pooled sample by the Proce-
dure specified in the individual monograph. Make any necessary
modifications, including concentration of the analyte in the volume
of the test solution taken. Use theMedium for preparation of the Stan-
dard solution and dilution, if necessary, of the test solution.

INTERPRETATION

Pooled Sample—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of the index
or marker compound(s) or the extract dissolved from the pooled sam-
ple conform to the accompanying acceptance table. The quantity, Q,
is the amount of dissolved index or marker compound(s) or the ex-
tract specified in the individual monograph, expressed as a percentage
of the labeled content. The 5%, 15%, and 25% values in the accep-
tance table are percentages of the labeled content so that these values
and Q are in the same terms.

Acceptance Table for a Pooled Sample

Stage
Number
Tested Acceptance Criteria

S1 6 Average amount dissolved is not less
than Q + 10%

S2 6 Average amount dissolved (S1 + S2) is
equal to or greater than Q + 5%

S3 12 Average amount dissolved (S1 + S2 +
S3) is equal to or greater than Q

~Dietary Supplements Other Than Vitamin–Mineral
and Botanical Dosage Forms

Unless otherwise stated in the individual monographs for di-

etary supplement dosage forms in this category, compliance

requires the testing of 6 individual units, measuring the disso-

lution of the dietary ingredient as the average of the 6 units

tested.

PROCEDURES

Combine equal volumes of the filtered solutions of the 6

specimens withdrawn, and use the pooled sample as the test

solution. Determine the average amount of dietary ingredient

dissolved in the pooled sample by the Procedure specified in

the individual monograph. Make any necessary modifications,

including concentration of the analyte in the volume of the test

solution taken. Use the Medium for preparation of the Stan-

dard solution and for dilution, if necessary, of the test solution.

TOLERANCES

Because of the diversity of chemical characteristics and sol-

ubilities of dietary ingredients pertaining to this category, gen-

eral tolerances cannot be established. See individual

monographs for Tolerances.~USP31
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

Alcohol, USP 30 page 746. It is proposed to update the
specifications of this reagent for analytical applications.

(HDQ: M. Marques) RTS—C61861

Change to read:

Alcohol, C2H5OH—46.07—Use Alcohol (USP monograph).

&Use a suitable grade.&1S (USP32)

BRIEFING

p-Aminophenol, USP 30 page 748 and page 3693 of the First
Supplement. It is proposed to update the specification of this reagent
to reflect the products currently available on the market.

(HDQ: M. Marques) RTS—C61666

Change to read:

p-Aminophenol &(p-Hydroxyaniline),&1S (USP30) C6H7NO—
109.13 &[123-30-8]&1S (USP30)—Fine, yellowish, crystalline powder.
Slightly soluble in water and in alcohol.
Melting range h741i: between 1878 and 1898.

&Use a suitable grade with a content not less than

99%.&1S (USP32)

BRIEFING

Barium Chloride, USP 30 page 751 and page 3696 of the First
Supplement. It is proposed to correct the CAS number for this
reagent.

(HDQ: M. Marques) RTS—C61826

Change to read:

Barium Chloride, BaCl2 � 2H2O—244.26 &[10361-37-2]
&1S (USP30)

&[10326-27-9]&1S (USP32)
—Use ACS reagent grade.

BRIEFING

Chloramine T, USP 30 page 759 and page 3703 of the First
Supplement. It is proposed to correct the CAS number for this
reagent.

(HDQ: M. Marques) RTS—C61024

Change to read:
Chloramine T (Sodium p-Toluenesulfonchloramide),

C7H7ClNNaO2S � 3H2O—281.69 &[127-65-1]&1S (USP30)

&[7080-50-4]&1S (USP32)
—Use ACS reagent grade.

BRIEFING

Dimethyltin Dibromide. It is proposed to add this new reagent
used in the Limit of organotin test in the monograph for Fluorodopa
F 18 Injection.

(HDQ: M. Marques) RTS—C61026

Add the following:

& Dimethyltin Dibromide, C2H6Br2Sn—308.59

[2767-47-7]—Use a suitable grade.&1S (USP32)

BRIEFING

Ethylenediamine. It is proposed to add this new reagent used in
the proposed Chromatographic purity test in the monograph for
Piperazine (see PF 34(1) [Jan.–Feb. 2008], page 105).

(HDQ: M. Marques) RTS—C61691
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Add the following:

&Ethylenediamine (1,2-Diaminoethane) C2H8N2—60.10

[107-15-3]—Use a suitable grade with a content of not less

than 99%.&1S (USP32)

BRIEFING

Ferric Chloride, USP 30 page 769 and page 3715 of the First
Supplement. It is proposed to correct the CAS number of this
reagent.

(HDQ: M. Marques) RTS—C61188

Change to read:

Ferric Chloride, FeCl3 � 6H2O—270.29 &[7705-08-0]&1S (USP30)

&[10025-77-1]&1S (USP32)
—Use ACS reagent grade.

BRIEFING

Hydrogen Peroxide, 30 Percent, USP 30 page 773 and page
3719 of the First Supplement. It is proposed to update the
specification of this reagent.

(HDQ:M. Marques) RTS—C61186

Change to read:

Hydrogen Peroxide, 30 Percent,

&

&1S (USP32)
H2O2—34.01 &[7722-84-1]&1S (USP30)—Use ACS reagent grade

&with an assay content between 29.0% and 32.0%.&1S (USP32)

BRIEFING

Lead Acetate, USP 30 page 775 and page 3721 of the First
Supplement. It is proposed to correct the CAS number of this
reagent.

(HDQ: M. Marques) RTS—C61827

Change to read:

Lead Acetate, Pb(C2H3O2)2 � 3H2O—379.33 &[301-04-2]
&1S (USP30)

&[6080-56-4]&1S (USP32)
—Use ACS reagent grade.

BRIEFING

7-Methoxycoumarin. It is proposed to add this new reagent used
in the test for Content of apigenin-7-glucoside in the monograph for
Chamomile.

(HDQ:M. Marques) RTS—C61037

Add the following:

& 7-Methoxycoumarin (Hernirin; Methyl Umbelliferyl Ether),

C10H8O3—176.17[531-59-9]—Use a suitable grade with

a content of not less than 98%.&1S (USP32)

BRIEFING

Morin. It is proposed to add this new reagent used in the Limit of
organotin test in the monograph for Fluorodopa F 18 Injection.

(HDQ: M. Marques) RTS—C61025

Add the following:

&Morin (Morin Hydrate; 2’,3,4’,5,7-Pentahydroxyflavone

Monohydrate),C15H10O7 �H2O—320.25[480-16-0]—Use a suit-

able grade.&1S (USP32)

BRIEFING

Triethylenediamine. It is proposed to add this new reagent used
in the Chromatographic purity test in the monograph for Piperazine
(see PF 34(1) [Jan.–Feb. 2008], page 105).

(HDQ: M. Marques) RTS—C61740

Add the following:

&Triethylenediamine (1,4-Diazobicyclo[2.2.2]octane),

C6H12N2—112.17[280-57-9]—Use a suitable grade with

a content of not less than 98%.&1S (USP32)
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BRIEFING

Trimethyltin Bromide. It is proposed to add this new reagent
used in the test for Limit of organotin in the monograph for
Fluorodopa F 18 Injection.

(HDQ: M. Marques) RTS—C61027

Add the following:

&Trimethyltin Bromide C3H9BrSn—243.72[1066-44-0]

—Use a suitable grade.&1S (USP32)

Test Solutions

BRIEFING

Test Solutions, USP 30 page 807 and page 768 of PF 33(4)
[July–Aug. 2007]. Four new test solutions are being proposed:
Methyl Red TS 2, used in the test for Ammonium under Identification
Tests—General h191i; and Lanthanum Nitrate TS, Iodine and
Potassium Iodine TS 3, and Ammonia TS 2, used in the test for
Acetate under Identification Tests—General h191i, a general chapter
with a proposed revision that appears elsewhere in this issue of PF.

(HDQ: M. Marques) RTS—C62448

TEST SOLUTIONS (TS)

Add the following:

~Acetic Acid, Strong, TS—Add 300.0 mL of glacial acetic

acid, and dilute with water to 1000 mL. This solution contains

about 30% (v/v) of CH3COOH and has a concentration of

about 5N.~USP31

Add the following:

&Alkaline Cupric Citrate TS 2—See Cupric Citrate TS 2,

Alkaline.&2S (USP31)

Add the following:

&Ammonia TS 2—Prepare by diluting 13.5 mL of

ammonium water, stronger (see Reagent Specifications in

the section Reagents) with water to make 100 mL.&1S (USP32)

Add the following:

~Ammonium Pyrrolidinedithiocarbamate, Saturated,

TS—Add about 10 g of ammonium pyrrolidinedithiocarba-

mate to a 1000-mL volumetric flask, and dilute with water to

volume.~USP31

Add the following:

&Cupric Citrate TS 2, Alkaline—With the aid of heat,

dissolve about 173 g of sodium citrate dihydrate and 117 g of

sodium carbonate monohydrate in about 700 mL of water,

and filter. In a second flask, dissolve about 27.06 g of cupric

sulfate (Cu2O4 � 5H2O) in about 100 mL of water. Slowly

combine the two solutions while stirring, and dilute with

water to 1000 mL.&2S (USP31)

Delete the following:

~

Dicyclohexylamine Acetate TS—Dissolve 50 g of dicyclohex-
ylamine in 150 mL of acetone, cool in an ice bath, and add, with
stirring, a solution consisting of 18 mL of glacial acetic acid in 150
mL of acetone. Recrystallize the precipitate that forms, by heating
the mixture to boiling and allowing it to cool in an ice bath, then
collect the crystals on a filtering funnel, wash with a small volume of
acetone, and air-dry. Dissolve 300 mg of the dicyclohexylamine
acetate so obtained in 200 mL of a mixture of 6 volumes of
chloroform and 4 volumes of water-saturated ether.
Use immediately.~USP31

Add the following:

&Iodine and Potassium Iodide TS 3—Dissolve 0.127 g of

iodine and 0.20 g of potassium iodide in water, and dilute

with water to 10.0 mL.&1S (USP32)

Add the following:

&Lanthanum Nitrate TS—Dissolve 5.0 g of lanthanum

nitrate hexahydrate in 100 mL of water.&1S (USP32)
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Add the following:

&Methyl Red TS 2—To 1.86 mL of 0.1M sodium

hydroxide and 50 mL of alcohol, add 50 mg of methyl red,

and dilute with water to 100 mL.&1S (USP32)

Add the following:

&Sodium Hydroxide TS 2—Transfer 8.5 g of sodium

hydroxide to a 100-mL volumetric flask, and dissolve in and

dilute with water to volume.&2S (USP31)

Volumetric Solutions

BRIEFING

Volumetric Solutions, USP 30 page 815, page 4030 of the
Second Supplement, and page 163 of PF 34(1) [Jan. - Feb. 2008]. It
is proposed to correct the formula used in the standardization of
Sodium Tetraphenylboron, Fiftieth-Molar (0.02M).

((HDQ: M. Marques) RTS—C61631

Change to read:

Bismuth Nitrate, 0.01 mol/L

~M~USP32
Bi(NO3)3 � 5H2O, 485.07

1000 mL of this solution contains 4.851 g of bismuth nitrate
pentahydrate

Dissolve 4.86 g of bismuth nitrate pentahydrate in 60 mL of dilute
nitric acid, add water to make 1000 mL, and standardize the solution
as follows.
Accurately measure 25 mL of the prepared bismuth nitrate

solution, add 50 mL of water and 1 drop of xylenol orange TS, and
titrate the solution with 0.01 mol/L of disodium dihydrogen
ethylenediamine tetraacetate

~0.01M edetate disodium~USP32
VS until the red color changes to yellow. Calculate the molarity
factor.

Change to read:

Ceric Sulfate, Tenth-Normal (0.1 N)
Ce(SO4)2, 332.24

33.22 g in 1000 mL
Use commercially available volumetric standard solution. Stan-

dardize the solution as follows.
Accurately weigh about 0.2 g of sodium oxalate, primary standard,

previously dried for 2 hours at 105 8,

~dried according to the instructions on its label,~USP31
and dissolve in 75 mL of water. Add, with stirring, 2 mL of sulfuric
acid that has previously been mixed with 5 mL of water, mix well,
add 10 mL of hydrochloric acid, and heat to between 708 and 758.
Titrate with 0.1N ceric sulfate to a permanent slight yellow color.
Each 6.700 mg of sodium oxalate is equivalent to 1 mL of 0.1N
ceric sulfate.

Add the following:

&Iodine, Twentieth-Normal (0.05N)
I, 126.90

6.33 g in 1000 mL
Dissolve about 6.5 g of iodine in a solution of 18 g of potassium

iodide in 100 mL of water, add 3 drops of hydrochloric acid, dilute
with water to 1000 mL, and standardize the solution as follows.
Transfer 50.0 mL of the iodine solution to a 250-mL flask, dilute

with water to 100 mL, add 1 mL of 1N hydrochloric acid, swirl
gently to mix, and titrate with 0.1N sodium thiosulfate VS until the
solution has a pale yellow color. Add 2 mL of starch TS, and
continue titrating until the solution is colorless.

&2S (USP31)
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Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Chlorobenzene
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of chlorobenzene. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Methanol
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of methanol. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Toluene
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)

mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of toluene. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Mercuric Nitrate, Tenth-Molar (0.1 M)
Hg(NO3)2, 324.60

32.46 g in 1000 mL
Dissolve about 35 g of mercuric nitrate in a mixture of 5 mL of

nitric acid and 500 mL of water, and dilute with water to 1000 mL.
Standardize the solution as follows.
Transfer an accurately measured volume of about 20 mL of the

solution to a conical flask, and add 2 mL of nitric acid and 2 mL of
ferric ammonium sulfate TS. Cool to below 208, and titrate with
0.1 N ammonium thiocyanate VS to the first appearance of
a permanent brownish color.

Change to read:

Potassium Permanganate, Tenth-Normal (0.1 N)
KMnO4, 158.03

3.161 g in 1000 mL
Dissolve about 3.3 g of potassium permanganate in 1000 mL of

water in a flask, and boil the solution for about 15 minutes. Insert the
stopper in the flask, allow it to stand for at least 2 days, and filter
through a fine-porosity, sintered-glass crucible. If necessary, the
bottom of the sintered-glass crucible may be lined with a pledget of
glass wool. Standardize the solution as follows.
Accurately weigh about 200 mg of sodium oxalate, previously

dried at 1108 to constant weight,
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~

dried according to the instructions on its label,~USP31
and dissolve it in 250 mL of water. Add 7 mL of sulfuric acid, heat to
about 708, and then slowly add the permanganate solution from
a buret, with constant stirring, until a pale pink color, which persists
for 15 seconds, is produced. The temperature at the conclusion of the
titration should be not less than 608. Calculate the normality. Each
6.700 mg of sodium oxalate is equivalent to 1 mL of 0.1N potassium
permanganate.
Since potassium permanganate is reduced on contact with organic

substances such as rubber, the solution must be handled in apparatus
entirely of glass or other suitably inert material. It should be
frequently restandardized. Store in glass-stoppered, amber-colored
bottles.

Change to read:

Sodium Tetraphenylboron, Fiftieth-Molar (0.02 M)
NaB(C6H5)4, 342.22
6.845 g in 1000 mL

Dissolve an amount of sodium tetraphenylboron, equivalent to
6.845 g of NaB(C6H5)4, in water to make 1000 mL, and standardize
the solution as follows.

Pipet two 75-mL portions of the solution into separate beakers,
and to each add 1 mL of acetic acid and 25 mL of water. To each
beaker add, slowly and with constant stirring, 25 mL of potassium
biphthalate solution (1 in 20), and allow to stand for 2 hours. Filter
one of the mixtures through a filtering crucible, and wash the
precipitate with cold water. Transfer the precipitate to a container,
add 50 mL of water, shake intermittently for 30 minutes, filter, and
use the filtrate as the saturated potassium tetraphenylborate solution
in the following standardization procedure. Filter the second mixture
through a tared filtering crucible, and wash the precipitate with three
5-mL portions of saturated potassium tetraphenylborate solution.
Dry the precipitate at 1058 for 1 hour. Each g of potassium
tetraphenylborate (KTPB) is equivalent to 955.1 mg of sodium
tetraphenylboron.

NOTE—Prepare this solution just before use.
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REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets,USP 30 page
825, page 4032 of the Second Supplement, and page 165 of PF 34(1)
[Jan.–Feb. 2008].

(HDQ) RTS—C45456; C54583; C55196; C56434; C56435;
C56557; C56684; C58884

The following table is provided as a reminder for the pharmacist
engaged in the typical dispensing situation who already is acquainted
with the Packaging and storage requirements set forth in the individ-
ual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T),
well-closed (W), and light-resistant (LR) specifications applicable
to containers in which the drug that is repackaged should be dis-
pensed.
This table is not intended to replace, nor should it be interpreted as

replacing, the definitive requirements stated in the individual mono-
graphs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Acitretin Capsules W, LR&1S (USP31)

Add the following:

~

Arginine Capsules T, LR~USP32

Add the following:

~

Arginine Tablets T, LR~USP32

Add the following:

~

Bicalutamide Tablets T~USP32

Add the following:

&Calcium Citrate Tablets W&1S (USP32)

Add the following:

~

Carprofen Tablets T~USP31

Add the following:

&Carvedilol Tablets T, LR&2S (USP31)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

&Cat’s Claw Capsules T, LR&1S (USP31)

Add the following:

&Cat’s Claw Tablets T, LR&1S (USP31)

Change to read:

Cefaclor

&Chewable&2S (USP31)

Tablets T

Add the following:

~

Cefdinir Capsules T, LR~USP32

Add the following:

&Cilostazol Tablets T, LR&1S (USP31)

Add the following:

&Clonazepam Orally Disintegrating

Tablets W, LR&1S (USP32)

Add the following:

&Colestipol Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Curcuminoids Capsules W, LR~USP32

Add the following:

~

Curcuminoids Tablets W, LR~USP32

Add the following:

&Didanosine Tablets for Oral Suspension T&2S (USP31)

Add the following:

&Estradiol Vaginal Tablets T&1S (USP31)

Add the following:

~

Fenofibrate Capsules W~USP32

Add the following:

&Fish Oil Containing Omega-3 Acids

Capsules

T&1S (USP31)
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Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Flavoxate Hydrochloride Tablets W, LR~USP32

Add the following:

~

Gabapentin Tablets W~USP31

Add the following:

&Galantamine Tablets &1S (USP31)

Change to read:

&Asian Ginseng Capsules T, LR

&

&1S (USP31)

Add the following:

&Glimepiride Tablets W&1S (USP31)

Add the following:

&Hydroxyzine Pamoate Capsules W&1S (USP32)

Add the following:

~

Isosorbide Mononitrate Tablets,

Extended-Release T~USP31

Add the following:

&Ivermectin Tablets W&2S (USP31)

Add the following:

&Ivermectin and Pyrantel Pamoate

Tablets T&1S (USP32)

Add the following:

&Ketoprofen Capsules, Extended-

Release T&1S (USP31)

Add the following:

~

Lisinopril and Hydrochlorothiazide

Tablets W~USP32

Add the following:

&Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR&1S (USP31)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Metformin Hydrochloride Tablets,

Extended-Release W, LR~USP31

Add the following:

~

Mirtazapine Orally Disintegrating

Tablets LR~USP32

Add the following:

~

Ofloxacin Tablets T, W~USP31

Add the following:

&Orbifloxacin Tablets T&1S (USP32)

Add the following:

&Orlistat Capsules T&1S (USP31)

Add the following:

~

Oxycodone Hydrochloride Tablets,

Extended-Release T, LR~USP31

Add the following:

~

Pantoprazole Sodium Delayed-Release

Tablets T~USP32

Add the following:

&Pilocarpine Hydrochloride Tablets T&1S (USP32)

Add the following:

&Potassium Citrate Tablets W&1S (USP32)

Add the following:

&Raloxifene Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Soy Isoflavones Capsules T, LR~USP32

Add the following:

&Zinc Citrate Tablets W&1S (USP32)
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BRIEFING

Description and Relative Solubility of USP and NF Articles,
USP 30 page 832, page 4033 of the Second Supplement, page 266
of PF 29(1) [Jan.–Feb. 2003], page 591 of PF 31(2) [Mar.–Apr.
2005], page 1193 of PF 31(4) [July–Aug. 2005], page 188 of PF
32(1) [Jan.–Feb. 2006], page 662 of PF 32(2) [Mar.–Apr. 2006], page
110 of PF 33(1) [Jan.–Feb. 2007], page 285 of PF 33(2) [Mar.–Apr.
2007], page 507 of PF 33(3) [May–June 2007], page 775 of PF 33(4)
[July–Aug. 2007], page 1053 of PF 33(5) [Sept.–Oct. 2007], page
1270 of PF 33(6) [Nov.–Dec. 2007], and page 166 of PF 34(1)
[Jan.–Feb. 2008].

(HDQ) RTS—C44965; C45456; C48315; C49315; C50837;
C54945; C54946; C56168

Add the following:

&Anastrozole: White to off-white crystalline powder.

Very soluble in acetonitrile; freely soluble in methanol, in ac-

etone, in alcohol, and in tetrahydrofuran.&1S (USP32)

Add the following:

&Cisapride: White or almost white powder. Freely solu-

ble in dimethylformamide; soluble in methylene chloride;

sparingly soluble in methanol; practically insoluble in

water.&1S (USP32)

Add the following:

&Hydrogenated Coconut Oil: White to yellowish, fatty

solid to semi-solid. Freely soluble in ether; very slightly

soluble in alcohol; practically insoluble in water. NF category:

Coating agent; tablet binder; tablet and/or capsule

lubricant. &1S (NF27)

Add the following:

&Orbifloxacin: White to pale yellow crystals or crystal-

line powder. Odorless. Soluble in acetic acid; very slightly sol-

uble in methanol, in water, and in chloroform; practically

insoluble in ethanol and in diethyl ether.&1S (USP32)

Add the following:

&Hydrogenated Palm Oil: White to yellowish, fatty solid

to semi-solid. Freely soluble in ether; very slightly soluble in

alcohol; practically insoluble in water. NF category: Coating

agent; tablet binder; tablet and/or capsule lubricant.&1S (NF27)

Add the following:

&Proguanil Hydrochloride: White, crystalline powder.

Slightly soluble in water; sparingly soluble in alcohol; practi-

cally insoluble in methylene chloride.&1S (USP32)

Add the following:

&Sibutramine Hydrochloride Monohydrate: White to

cream crystalline powder. Slightly soluble in pH 5.2

water.&1S (USP32)

Add the following:

&Trandalopril: White or almost white powder. Freely

soluble in methylene chloride; sparingly soluble in absolute

alcohol; practically insoluble in water.&1S (USP32)
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and published in the

Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an item is adopted, it is

published in the USP–NF, its Supplements, or an IRA. Those items that have not yet been adopted are marked as Pending Proposals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Requirements; USP

monographs; Dietary Supplements Monographs; General Chapters; Reference Tables; Excipients; and NFMonographs. Each entry

in the Pending Proposals list contains the monograph title and the citation of the most recent publication of the monograph. Reprints

of PF proposals may be purchased from USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.
� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible for the proposed revisions.

The contact information (phone number and email) for the Scientific Liaison is available in the Staff Directory section of How to Use PF. For
USP–NF Online subscribers, the name and contact information for the assigned Scientific Liaison is available in the Auxiliary Information
portion of each monograph.

� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chapter of interest.
� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general chapter in the subject line of

the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were pending,

but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e., 34(1) through 34(6)].

Note that canceled proposals may be republished in PF to be considered for future adoption into the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

General Notices (entire General Notices and Requirements revised) 34 1 40

USP Monographs
Acarbose (new) 33 3 388
Acetazolamide Oral Solution (new) 32 1 43
Acetazolamide Oral Suspension (new) 32 1 44
Acetylcysteine—USP Reference standards, Assay 31 3 726
Acitretin (new) 33 3 390
Acitretin Capsules (new) 33 3 392
Albendazole—Assay 34 1 69
Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add)
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Tablets—Assay 31 3 726
Alfuzosin Hydrochloride (new) 34 1 69
Allopurinol—Related compounds, Limit of hydrazine (add) 34 1 70
Alprazolam—USP Reference Standards, Identification, Loss on drying,
Chromatographic purity (delete), Related compounds (add), Assay

33 5 868

Alprazolam Oral Suspension (new) 32 1 46
Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable—
Tablets (new)

29 6 1836

Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets—
Title (name change), Defoaming activity (delete)

33 5 870

Alumina, Magnesia, and Simethicone Chewable Tablets (new)—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia, and Simethicone Oral Suspension—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Tablets—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Chewable Tablets—
Defoaming activity (delete)

33 5 871

Amiloride Hydrochloride and Hydrochlorothiazide Tablets—Dissolution 33 4 636
Aminophylline—CAS number 34 1 72
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Arginine Capsules (new) 33 6 1160
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Arginine Tablets (new) 33 6 1161
Atovaquone—Heavy metals 33 4 637
Avobenzone— Assay 33 5 872
Azathioprine Oral Suspension (new) 32 1 48
Aztreonam— Definition, Labeling, Identification, Water 33 5 872
Aztreonam for Injection—Assay 31 3 737
Bacitracin—Chemical structure (add), Definition,
Identification, Residue on ignition (add),
Composition (add)

33 5 873

Bacitracin Zinc—Definition, Identification,
Composition (add)

33 5 875

Baclofen—Assay 33 2 211
Baclofen Oral Solution (new) 32 1 49
Baclofen Oral Suspension (new) 32 1 51
Bemotrizinol (new) 32 4 1044
Benzonatate Capsules—Dissolution 33 3 394
Bethanechol Chloride Oral Solution (new) 32 1 55
Bethanechol Chloride Oral Suspension (new) 32 1 57
Bicalutamide (new) 33 5 876
Bicalutamide Tablets (new) 34 1 73
Biological Indicators for Moist Heat, Dry Heat, and Gaseous
Modes of Sterilization, Metal or Plastic Carriers (new)

30 1 63

Biological Indicators for Moist Heat, Dry Heat, and Gaseous
Modes of Sterilization, Liquid Spore Suspensions (new)

30 1 66

Bismuth Subsalicylate Magma—Packaging and storage 33 4 638
Bisoctrizole (new) 32 2 309
Bupivacaine Hydrochloride—CAS number 34 1 75
Bupropion Hydrochloride—Identification, Related compounds,
Content of chloride (delete)

33 4 638

Bupropion Hydrochloride Tablets—Identification 33 2 211
Buspirone Hydrochloride—Content of chloride 31 3 742
Cabergoline (new) 34 1 75
Calcitonin Salmon (new) 33 5 878
Calcitonin Salmon Injection (new) 30 4 1177
Calcitonin Salmon Nasal Solution (new) 32 3 767
Calcium Carbonate and Magnesia Tablets (title change)—Labeling 33 2 211
Calcium Carbonate and Magnesia Chewable Tablets (new) 33 2 212
Calcium Carbonate, Magnesia, and Simethicone Tablets (new)—
Defoaming activity (delete)

33 5 888

Calcium Carbonate, Magnesia, and Simethicone Chewable
Tablets (new)—Defoaming activity (delete)

33 5 888

Camphor—Water 31 3 742
Captopril Oral Solution (new) 32 1 63
Captopril Oral Suspension (new) 32 1 64
Carbachol—Identification 33 2 213
Carbachol Intraocular Solution—Identification 33 2 213
Carbachol Ophthalmic Solution—Identification 33 2 214
Carprofen (new) 32 6 1667
Carprofen Tablets (new) 32 6 1669
Carvedilol (new) 32 4 1057
Carvedilol Tablets (new) 33 5 888
Cefdinir (new) 33 6 1162
Cefdinir Capsules (new) 34 1 77
Cefdinir for Oral Suspension (new) 34 1 81
Cefaclor Tablets (new) 33 4 641
Cefotetan Disodium—Water, Method Ic 34 1 86
Cefotetan for Injection—Water, Method Ic (add), Other requirements 34 1 86
Chloroquine—Assay 34 1 86
Ciclopirox—Related compounds 33 4 642
Ciclopirox Olamine—Related compounds 33 4 643
Cilostazol Tablets (new) 33 3 395
Citalopram Hydrobromide—Identification, 33 2 214
Citalopram Tablets—Dissolution 33 1 46
Anhydrous Citric Acid (Harmonization), Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization), Sulfate 31 3 750
Citric Acid, Magnesium Oxide, and Sodium Carbonate
Irrigation—USP Reference standards, Assay for citric
acid (delayed implementation to January 1, 2009)

31 2 394

Cladribine—Specific rotation, Related compounds,
Limit of residual solvents

33 1 49

Climbazole (new) 33 5 891
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Clonazepam Oral Suspension (new) 32 1 73
Clopidogrel Tablets—Dissolution, Related compounds 33 1 50
Clozapine—USP Reference standards, Identification,
Chromatographic purity (delete), Related compounds (add)

33 5 893

Colchicine—Definition 33 3 396
Colestipol Hydrochloride—Identification 33 5 895
Colestipol Hydrochloride for Oral Suspension—
Identification (add)

33 5 896

Colestipol Hydrochloride Tablets (new) 33 5 896
Cupric Sulfate—Limit of calcium 33 5 898
Cyromazine (new) 33 4 644
Cytarabine for Injection—Assay 33 1 51
Dalteparin Sodium (new) 30 5 1598
Dantrolene Sodium Capsules—Dissolution 33 4 645
Dapsone—Assay 31 3 750
Acellular Dermal Matrix (new) 33 5 898
Desmopressin Nasal Spray Solution (new) 31 4 1059
Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclofenac Potassium—Identification 34 1 87
Diclofenac Sodium Delayed-Release Tablets—Identification 31 3 751
Diclofenac Sodium Extended-Release Tablets (new) 33 2 218
Didanosine—USP Reference standards, Related compounds 34 1 87
Didanosine Tablets for Oral Suspension (new) 33 5 903
Dihydrocodeine Bitartrate—Definition 33 3 396
Dihydroxyaluminum Sodium Carbonate Chewable
Tablets (new)

29 6 1873

Diethylstilbestrol Diphosphate (delete entire monograph) 33 6 1165
Diethylstilbestrol Diphosphate Injection (delete entire monograph) 33 6 1167
Diltiazem Hydrochloride—Definition 33 5 907
Diltiazem Hydrochloride Oral Solution (new) 32 1 79
Diltiazem Hydrochloride Oral Suspension (new) 32 1 80
Dimenhydrinate—Identification 33 5 907
Dimenhydrinate Injection—USP Reference standards, Identification 33 5 907
Dimethyl Sulfoxide—Definition, Congealing temperature (delete),
Substances darkened by potassium hydroxide (delete), Limit of dimethyl
sulfone (delete), Limit of nonvolatile residue, Related compounds (add),
Assay (add)

34 1 88

Dimethyl Sulfoxide Gel—Deliverable volume (delete),
Minimum fill (add)

33 1 52

Dinoprost Tromethamine Injection (new) 33 5 908
Dipivefrin Hydrochloride—Assay 34 1 89
Dipyridamole Oral Suspension (new) 32 1 81
Disopyramide Phosphate—Assay 34 1 90
Dolasetron Mesylate Oral Solution (new) 32 1 83
Dolasetron Mesylate Oral Suspension (new) 32 1 84
Dronabinol—Packaging and storage, Related compounds, Assay 34 1 90
Dyclonine Hydrochloride—Chemical information 33 6 1167
Egg Phospholipids (new) 31 3 757
Enalapril Maleate and Hydrochlorothiazide Tablets—
Dissolution

33 2 220

Enoxaparin Sodium (new) 33 1 52
Enoxaparin Sodium Injection (new) 33 1 58
Epinephrine—Assay 34 1 91
Eprinomectin (new) 33 1 60
Esomeprazole Magnesium (new) 33 3 397
Estradiol—Chemical information, Labeling (add) 33 6 1167
Estradiol Benzoate (new) 33 2 220
Estradiol Vaginal Inserts (new) 32 4 1071
Conjugated Estrogens—Definition 30 3 840
Synthetic Conjugated Estrogens (new) 31 6 1620
Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Ethinyl Estradiol Tablets—Disintegration (delete), Dissolution (add) 31 4 1067
Ethionamide—Assay 33 4 648
Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Eucatropine Hydrochloride (delete entire monograph) 33 6 1168
Eucatropine Hydrochloride Ophthalmic Solution (delete entire
monograph)

33 6 1168

Famotidine Injection (new) 32 2 333
Famotidine Tablets—Dissolution 33 4 649
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Fenofibrate (new) 31 3 763
Fenofibrate Capsules (new) 34 1 91
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride
Extended-Release Tablets—Labeling (add), Dissolution

34 1 95

Finasteride Tablets—Dissolution 32 6 1681
Flavoxate Hydrochloride (new) 33 6 1172
Flavoxate Hydrochloride Tablets (new) 33 6 1174
Fluconazole—Related compounds 34 1 96
Flucytosine Oral Suspension (new) 32 1 92
Fludarabine Phosphate Injection (new) 33 2 232
Fludeoxyglucose F 18 Injection—Chemical purity 33 6 1176
Flumazenil Injection—Bacterial endotoxins 33 2 234
Flurazepam Hydrochloride—Identification 31 3 766
Fluvastatin Sodium—Labeling (add), Identification, Water,
Chromatographic purity

33 1 64

Fluvestrant (new) 33 5 99
Formaldehyde Solution—Definition, Labeling (delete),
Content of methanol (add), Assay

33 4 650

Formoterol Fumarate (new) 33 3 402
Foscarnet Sodium (new) 34 1 97
Gabapentin—Labeling (delete), Limit of chloride (delete),
Related compounds (add), Assay

32 6 1689

Gabapentin Capsules (new) 32 6 1693
Gabapentin Tablets (new) 32 6 1695
Galantamine Hydrobromide (new) 33 2 234
Galantamine Tablets (new) 33 3 407
Ganciclovir Oral Suspension (new) 32 1 113
Glimipiride Tablets (new) 33 3 411
Glutaral Concentrate—Specific gravity 31 3 766
Glyburide Tablets—Dissolution 33 4 651
Glyburide and Metformin Hydrochloride Tablets (new) 31 3 766
Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride (new) 33 6 1176
Heparin Sodium—Definition, Anti-factor Xa

activity, Assay
33 2 238

Hydrocodone Bitartrate and Homatropine Methylbromide Tablets—
Labeling (add), Dissolution (add)

33 4 654

Hydrocortisone Tablets— Dissolution 33 1 72
Hyoscyamine Sulfate—Specific rotation 33 4 659
Imipenem and Cilastatin for Injection—Uniformity of dosage units (add) 32 6 1698
Imipenem and Cilastatin for Injectable Suspension—Uniformity of
dosage units (add)

32 6 1698

Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Iopamidol—Chemical structure, Reference standards, Identification,
Related compounds

33 6 1179

Iopamidol Injection—Assay 33 6 1182
Ipratropium Bromide (new) 33 2 241
Isopropyl Alcohol—Reference standards 33 6 1182
Diluted Isosorbide Mononitrate—USP Reference standards, Assay 32 6 1699
Isosorbide Mononitrate Extended-Release Tablets (new) 33 4 659
Isotretinoin Capsules—Dissolution 33 4 666
Ivermectin—Definition 33 5 912
Ivermectin Injection (new) 33 5 913
Ivermectin Paste (new) 33 5 914
Ivermectin Topical Solution (new) 33 5 916
Ivermectin Tablets (new) 33 5 918
Ivermectin and Clorsulon Injection (new) 33 5 921
Ketoprofen—Assay 31 3 772
Ketoprofen Extended-Release Capsules (new) 31 5 1378
Labetalol Hydrochloride Oral Solution (new) 32 1 116
Labetalol Hydrochloride Oral Suspension (new) 32 1 117
Lactulose Concentrate—Related compounds, Assay 32 6 1709
Lansoprazole—Definition, Water, Residue on ignition,
Chromatographic purity, Assay

32 6 1710

Leflunomide (new) 31 5 1380
Leflunomide Tablets (new) 32 6 1712
Letrazole Tablets—Related compounds 33 2 244
Levalbuterol Hydrochloride (new) 33 3 416
Levalbuterol Inhalation Solution (new) 33 3 420
Levocabastine Hydrochloride (new) 31 6 1647
Levofloxacin (new) 32 2 347
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Levothyroxine Sodium—Definition, Identification,
Water, Method III (delete), Water, Method I (add),
Limit of inorganic iodides (delete),
Limit of liothyronine sodium (delete),
Related compounds (add), Assay

33 3 422

Levothyroxine Sodium Tablets—Definition 34 1 100
Liothyronine Sodium—Identification, Limit of
inorganic iodide (delete), Limit of
levothyroxine sodium, Assay

33 3 426

Lipid Injectable Emulsion (new) 32 2 350
Lisinopril and Hydrochlorothiazide Tablets (new) 33 6 1182
Loratadine and Pseudoephedrine Sulfate Extended-Release Tablets (new) 32 6 1715
Lorazepam—USP Reference standards, Identification,
Related compounds, Assay

33 3 427

Lorazepam Tablets—Related compounds 33 3 429
Magadrate and Simethicone Tablets—Title (name change),
Defoaming activity (delete)

33 5 923

Magaldrate and Simethicone Chewable Tablets (new)
Defoaming activity (delete)

33 5 924

Magnesium Carbonate—Limit of calcium, Assay 32 6 1719
Magnesium Carbonate and Citric Acid for Oral Solution—
USP Reference standards (add), Content of anhydrous
citric acid, Other requirements (delayed implementation
to January 1, 2009)

31 2 419

Magnesium Chloride—Limit of calcium 32 6 1720
Magnesium Citrate Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 420

Magnesium Citrate for Oral Solution—USP Reference
standards (add), Content of anhydrous citric acid,
Other requirements (delayed implementation
to January 1, 2009)

31 2 421

Magnesium Oxide—Limit of calcium, Assay 32 6 1720
Mannitol Injection—Labeling 32 2 263
Meclizine Hydrochloride—Chromatographic purity 33 6 1186
Meclizine Hydrochloride Tablets—Identification,
Dissolution, Related compounds, Assay

33 6 1186

Mefloquine Hydrochloride—Assay 33 4 667
Meloxicam Oral Suspension (new) 32 6 1721
Meradimate—Assay 34 1 100
Meropenem for Injection—Assay 32 6 1724
Metformin Hydrochloride Extended-Release Tablets (new) 32 6 1726
Methoxsalen Capsules—Assay 34 1 101
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylphenidate Hydrochloride Tablets—USP Reference
standards, Assay

33 2 246

Methylprednisolone—Chromatographic purity, Assay 33 6 1189
Metolazone Oral Suspension (new) 32 1 119
Metoprolol Tartrate Oral Solution (new) 32 1 121
Metoprolol Tartrate Oral Suspension (new) 32 1 122
Metronidazole Benzoate—USP Reference standards,
Related compounds

31 3 781

Mineral Oil—CAS number (add), Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add),
Neutrality (delete), Acidity (add), Readily carbonizable
substances, Limit of polynuclear compounds, Limit of sulfur compounds
(add)

33 5 962

Mineral Oil, Rectal—Packaging and storage, USP Reference standards
(add), Identification (add), Neutrality (delete),
Acidity (add)

33 5 964

Topical Light Mineral Oil—Packaging and storage,
Labeling, USP Reference standards (add), Identification,
Viscosity, Neutrality and solid paraffin (delete), Acidity (add),
Solid paraffin (add)

33 5 964

Mirtazapine Orally Disintegrating Tablets (new) 33 6 1189
Morantel Tartrate—Definition, pH, Related compounds 32 6 1735
Mupirocin Calcium—Identification, Related compounds, Assay 34 1 101
Mycophenolate Mofetil (new) 33 5 924
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Naphazoline Hydrochloride Ophthalmic
Solution—Assay

33 5 926

Naproxen Delayed-Release Tablets—Drug release 33 6 1192
Nicotine Transdermal System—Drug release, Assay 33 5 927
Norethindrone Tablets—Labeling (add), Disintegration (delete),
Dissolution (add)

33 6 1193

Norethindrone Acetate and Ethinyl Estradiol Tablets—Dissolution 33 3 432
Norethindrone Acetate and Ethinyl Estradiol Tablets—Identification 33 6 1194
Nystatin Oral Suspension—Uniformity of dosage units 34 1 103
Octinoxate—Chromatographic purity, Assay 33 2 246
Octocrylene—Identification, Assay 33 5 929
Ofloxacin—Chromatographic purity (delete), Related
compounds (add)

30 4 1274

Ofloxacin Tablets (new) 33 3 434
Omeprazole Magnesium (new) 33 3 436
Ondansetron Hydrochloride—Limit of ondansetron
related compound D, Assay

32 1 126

Ondansetron Hydrochloride Oral Suspension (new) 32 1 127
Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution

33 3 439

Orlistat Capsules (new) 32 6 1739
Oxandrolone—Ordinary impurities (delete)
Related compounds (add), Assay

33 2 247

Oxandrolone Tablets—Identification, Dissolution, Assay 33 5 929
Oxycodone Hydrochloride Extended-Release Tablets (new) 32 6 1745
Oxytocin Injection—Definition, Packaging and storage 32 6 1750
Paclitaxel—USP Reference standards, Related compounds 33 2 250
Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Pantoprazole Sodium (new) 33 6 1194
Pantoprazole Sodium Delayed-Release Tablets (new) 33 6 1197
Paricalcitol—Identification, Chromatographic
purity, Assay

33 2 252

Paroxetine Hydrochloride—Limit of related compound C,
Limit of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine,
Chromatographic purity, Assay

33 5 932

Paroxetine Tablets—Identification, Uniformity of dosage units, Assay 33 4 672
Pectin—Identification 31 3 783
Penicillamine Capsules—Dissolution 31 2 436
Pentazocine and Acetaminophen Tablets —Title, Assay for pentazocine,
Assay for acetaminophen

33 6 1200

Pentobarbital Sodium—Labeling (add), USP Reference
standards, Other requirements (add)

31 1 73

Permethrin (new) 32 4 1100
Permethrin Cream (new) 34 1 103
Petrolatum (new)—Harmonization 28 2 569
White Petrolatum (new)—Harmonization 28 2 570
Phenoxybenzamine Hydrochloride Capsules—Uniformity of
dosage units, Related compounds (add), Assay

32 6 1750

Phenylbutazone Boluses—Definition 33 1 82
Phenylbutazone Tablets—Definition, Labeling (add) 33 1 82
Phenytoin Chewable Tablets (new) 29 6 1965
Piperacillin and Tazobactam Injection (new) 31 2 437
Piperacillin and Tazobactam for Injection (new) 31 2 439
Piperazine—USP Reference standards (add), Identification,

Primary amines and ammonia (delete), Chromatographic purity (add)
34 1 105

Piperazine Adipate (new) 33 6 1201
Piperazine Citrate—USP Reference standards (add)
Identification, Primary amines and ammonia (delete)
Chromatographic purity (add), Assay

34 1 106

Piperazine Dihydrochloride (new) 33 6 1202
Piperazine Phosphate (new) 33 6 1204
Piroxicam Cream (new) 32 1 134
Polyethlene Glycol 3350 and Electrolytes for Oral Solution—
Reference standards, Assay for potassium and sodium

33 6 1205

Polyvinyl Alcohol—Definition, Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Viscosity,
Residue on ignition, Heavy metals (add), Acid value (add),
Water-insoluble substances, Limit of methanol (methyl alcohol)
and methyl acetate (add)

33 6 1206
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Potassium and Sodium Bicarbonates and Citric Acid
Effervescent Tablets for Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 440

Potassium Bitartrate—Limit of ammonia 31 3 786
Potassium Bromide Oral Solution, Veterinary (new) 33 5 936
Potassium Citrate Extended-Release Tablets—USP
Reference standards (add), Assay (delayed implementation
to January 1, 2009)

31 2 443

Potassium Citrate and Citric Acid Oral Solution—USP
Reference standards (add), Assay for citrate
(delayed implementation to January 1, 2009)

31 2 444

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Povidone-Iodine—Nitrogen content 33 5 937
Prednisolone Sodium Phosphate—Definition, Free prednisolone (delete)
Related compounds (add), Assay

34 1 108

Primaquine Phosphate—Identification, Assay 33 5 937
Primaquine Phosphate Tablets—Uniformity of dosage units, Assay 33 5 938
Progesterone Vaginal Suppositories—Definition 33 1 82
Promethazine Hydrochloride—USP Reference standards,
Related compounds

32 4 1105

Promethazine Hydrochloride Tablets—USP Reference standards,
Related compounds, Assay

32 4 1107

Propofol Injectable Emulsion (new) 33 6 1208
Propoxycaine and Procaine Hydrochloride and Norepinephrine
Bitartrate Injection—Assay for norepinephrine

34 1 110

Pseudoephedrine Hydrochloride—Ordinary impurities 34 1 110
Pyrimethamine—Identification, Assay 33 5 939
Quinidine Sulfate Oral Suspension (new) 32 1 136
Racepinephrine Hydrochloride—Identification 32 6 1752
Raloxifene Hydrochloride (new) 33 4 673
Raloxifene Hydrochloride Tablets (new) 33 4 676
Ramipril—Definition, Assay 31 3 787
Ranitidine Hydrochloride—Chromatographic purity, Assay 32 6 1752
Oral Rehydration Salts—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 5 1399

Reserpine Tablets—Uniformity of dosage units 33 3 453
Risperidone Tablets—Related compounds 32 4 1109
Ritonavir—Related compounds 33 4 679
Salicylic Acid—USP Reference standards (add), Sulfate,
Related compounds

33 1 83

Salsalate Tablets—Assay 33 6 1211
Saquinavir Mesylate—Heavy metals 33 5 940
Sevoflurane (new) 33 5 940
Simethicone Capsules—Disintegration, Defoaming activity (delete) 33 5 948
Simethicone Oral Suspension—Defoaming activity (delete) 33 5 948
Simethicone Tablets—Defoaming activity (delete) 33 5 948
Simvastatin—Definition, Chromatographic purity 33 5 948
Sodium Bromide Injection, Veterinary (new) 33 5 949
Sodium Bromide Oral Solution, Veterinary (new) 33 5 950
Sodium Chloride—Identification, Loss on drying,
Limit of potassium (postponed indefinitely)

32 2 264

Succinylcholine Chloride—Chromatographic purity 32 6 1754
Sucralfate—Identification 33 2 254
Silver Sulfadiazine—Silver content 33 5 951
Sulfadimethoxine Sodium—Loss on drying 33 2 254
Sulfamethazine Granulated—Assay 31 3 797
Sulfamethoxazole—Packaging and storage 33 3 455
Sulisobenzone—Definition, Identification,
Water (add), Assay

33 3 456

Sumatriptan Succinate (new) 33 3 456
Sumatriptan Succinate Oral Suspension (new) 32 1 144
Tamsulosin Hydrochloride (new) 33 6 1211
Tazobactam (new) 32 6 1755
Terbinafine Hydrochloride (new) 33 3 459
Terbutaline Sulfate Inhalation Aerosol—USP Reference
standards, Assay

31 2 450

Thiabendazole Chewable Tablets (new) 29 6 1991
Thioridazine Hydrochloride—Identification 31 3 798
Tilmicosin—Definition, Related compounds, Assay 31 3 798
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Tizanidine Hydrochloride—Identification, Related compounds,
Organic volatile impurities (delete), Content of chloride
(delete), Residual solvents (delete), Assay

32 6 1757

Torsemide—Water 33 6 1213
Tramadol Hydrochloride (new) 31 2 458
Tramadol Hydrochloride Tablets (new) 31 2 462
Travoprost (new) 32 4 1115
Travoprost Ophthalmic Solution (new) 32 4 1118
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Tricitrates Oral Solution—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 2 465

Triclosan—Residue on ignition (delete),
Completeness of solution (add), Assay

33 4 681

Trimipramine Maleate (new) 32 6 1759
Tryptophan—Chromatographic purity (add),
Limit of tryptophan related compound A (add)

33 6 1214

Tylosin Injection (new) 33 5 952
Tyrosine—Sulfate 32 6 1761
Ursodiol Capsules—Dissolution 31 3 800
Valganciclovir Hydrochloride (new) 33 1 84
Valganciclovir Tablets (new) 33 1 89
Valsartan—Related compounds 33 3 467
Vancomycin Hydrochloride—Labeling (add), USP Reference standards,
Chromatographic purity, Other requirements (add)

34 1 111

Sterile Vancomycin Hydrochloride—(delete the entire monograph) 34 1 112
Vancomycin Hydrochloride for Injection—Definition,
Chromatographic purity, Assay

34 1 112

Vecuronium Bromide—Related compounds 33 4 682
Verapamil Hydrochloride—Definition 33 5 953
Verapamil Hydrochloride Oral Solution (new) 32 1 155
Verapamil Hydrochloride Oral Suspension (new) 32 1 156
Warfarin Sodium—Chemical information, Identification,
Assay

33 3 468

Warfarin Sodium for Injection—Assay 33 3 469
Warfarin Sodium Tablets—Identification,
Dissolution, Assay

33 3 470

Pure Steam (new) 31 2 467
Water for Hemodialysis—Bacterial endotoxins 31 2 468
Sterile Water for Inhalation—pH (delete), Ammonia (delete),
Calcium (delete), Carbon dioxide (delete), Chloride
(delete), Sulfate (delete), Conductivity (add),
Oxidizable substances

31 3 802

Sterile Water for Injection—Oxidizable substances 31 3 803
Sterile Water for Irrigation—Oxidizable substances 31 3 804
Sterile Purified Water—Oxidizable substances 31 3 804

Dietary Supplements Monographs
Ademetionine Disulfate Tosylate—Related compounds,

Content of tosylate
31 2 469

Acesulfame Potassium—Packaging and storage (add),
Limit of fluoride

31 3 811

Alpha Lipoic Acid Capsules—Content of alpha lipoic acid 32 6 1764
Powdered Bilberry Extract (new) 33 4 685
Calcium Glycerophosphate (new) 32 6 1765
Cat’s Claw (new) 32 4 1120
Powdered Cat’s Claw (new) 32 4 1124
Powdered Cat’s Claw Extract (new) 32 4 1124
Cat’s Claw Capsules (new) 32 4 1126
Cat’s Claw Tablets (new) 32 4 1127
Chamomile—Definition, Identification, Microbial enumeration,
Absence of specified microorganisms (add),Volatile oil content,
Content of apigenin-7-glucoside, Content of bisabolan derivatives

33 4 688

Black Cohosh—Labeling 33 5 954
Powdered Black Cohosh—Labeling 33 5 959
Powdered Black Cohosh Extract—Labeling 33 5 960
Black Cohosh Fluidextract—Labeling 33 5 958
Black Cohosh Tablets—Labeling 33 5 961
Curcuminoids (new) 33 6 1215
Curcuminoids Capsules (new) 33 6 1217
Curcuminoids Tablets (new) 33 6 1218
Fish Oil Containing Omega-3 Acids (new) 33 3 471
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Fish Oil Containing Omega-3 Acids Capsules (new) 33 3 477
Ginger—Definition, Packaging and storage,
Botanic characteristics

33 3 478

Powdered Ginger—Packaging and storage,
Botanic characteristics

33 3 479

Asian Ginseng Capsules (new) 30 2 571
Glucosamine Hydrochloride—Specific rotation, Assay 33 4 691
Glucosamine Sulfate Potassium Chloride—Identification, Specific
rotation, Residue on ignition, Assay

33 4 692

Glucosamine Sulfate Sodium Chloride—Identification, Specific rotation,
Residue on ignition, Assay

33 4 692

Powdered Decaffeinated Green Tea Extract (new) 33 6 1220
Lutein—Residue on ignition, Zeaxanthin and
other related compounds, Content of lutein

33 2 255

Lutein Preparation—Definition, Water, Residue on
ignition, Heavy metals, Zeaxanthin and other related
compounds, Content of lutein

33 2 255

Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Maritime Pine—Identification, Content of procyanidins 32 4 1140
Maritime Pine Extract—Identification, microbial enumeration,
Content of procyanidins

32 4 1142

Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Sodium Benzoate—USP Reference standards (add),
Identification

31 3 818

Powdered Soy Isoflavones Extract (new) 33 6 1224
Soy Isoflavones Capsules (new) 33 6 1227
Soy Isoflavones Tablets (new) 33 6 1228
Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Xanthan Gum—Assay 31 3 821

USP General Test Chapters
h1i Injections—Labels and Labeling, Packaging—
Labeling on Ferrules and Cap Overseals
(delayed implementation to February 1, 2009)

33 3 494

h11i USP Reference Standards— 29
30
31
31
31
31
32
32
32
32
32
32
33
33
33
33
33
34

6
5
2
4
5
6
1
2
4
5
6
1
2
3
4
5
6
1

2022
1674
507
1154
1433
1680
181
407
1161
1491
1779
95
267
497
716
981
1256
142

h31i Volumetric Apparatus—Standards of Accuracy 32 6 1780
h41i Weights and Balances—Introduction, Repeatability (add),
Verification of Accuracy (add), Calibration Check (add)

33 4 716
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h55i Biological Indicators—Resistance Performance
Tests—Total Viable Spore Count, D-Value Determination

30 1 212

h85i Bacterial Endotoxins Test—Harmonization 33 3 539
h121i Insulin Assays—Appendix (add) 30 5 1675
h191i Identification Tests—General—Introduction, Acetate, Ammonium 33 4 719
h207i Test for 1,6-Anhydro Derivative for Enoxaparin Sodium (new) 34 1 143
h231i Heavy Metals—Method II 32 1 182
h271i Readily Carbonizable Substances Test 33 6 1258
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h381i Elastomeric Closures for Injections—(entire submission) 30 1 220
h429i Light Diffraction Measure of Particle Size (new)—
Harmonization

31 4 1234

h503i Acetic Acid in Peptides (new) 33 2 268
h525i Sulfur Dioxide (new) 33 3 498
h601i Aerosols, Nasal Sprays, Metered-Dose Inhalers,
and Dry Powder Inhalers—Harmonization

33 3 550

h616i Bulk Density and Tapped Density—Harmonization 31 3 909
h621i Chromatography—System Suitability, Glossary of Symbols 34 1 152
h643i Total Organic Carbon—Introduction, Apparatus
Requirements, Glassware Preparation, Standard Solution, Test
Solution, Other Control Solutions, System Suitability, Procedure

33 4 720

h645i Water Conductivity—Introduction, Instrument Specifications
and Operating Procedures

33 4 722

h699i Density of Solids (new)—Harmonization 31 3 912
h701i Disintegration—Apparatus 34 1 155
h741i Melting Range or Temperature—Introduction,
Procedure for Class I, Apparatus I,
Procedure for Class I, Apparatus II

33 5 982

h785i Osmolality and Osmolarity—Measurement of Osmolality 34 1 157
h797i Pharmaceutical Compounding—Sterile Preparations—
Introduction; Organization of This Chapter, Definitions (add);
Responsibility of Compounding Personnel; CSP Microbial
Contamination Risk Levels; Immediate Use CSPs (add);
Single-Dose and Multiple-Dose Containers (add);
Hazardous Drugs as CSPs (add); Radiopharmaceuticals
as CSPs (add); Verification of Compounding Accuracy and
Sterility; Personnel Training and Evaluation in Aseptic
Manipulation Skills; Environmental Quality and Control;
Suggested Standard Operating Procedures; Environmental
Monitoring (add); Processing; Finished Preparation
Release Checks and Tests; Storage and Beyond-Use
Dating; Maintaining Sterility, Purity, and Stability of
Dispensed and Distributed CSPs; Acronyms (add), Appendix

32 3 852

h811i Powder Fineness—Harmonization 31 1 228
h941i X-Ray Diffraction (new)—Harmonization 31 4 1241

General Information Chapters
h1005i Acoustic Emission (new) 32 5 1504
h1010i Analytical Data—Interpretation and Treatment—
Measurement Principles and Variation, Appendixes B, C, D, E, F

33 4 726

h1058i Analytical Instrument Qualification (new) 32 6 1784
h1082i Genotoxicity Testing (new) 30 1 264
h1087i Apparent Intrinsic Dissolution—Dissolution Testing
Procedures for Rotating Disk and Stationary Disk
(entire chapter revised)

33 2 269

h1116i Microbiological Evaluation of Clean Rooms and
Other Controlled Environments (entire chapter revised)

31 2 524

h1119i Near-Infrared Spectrophotometry (entire chapter revised) 33 4 737
h1121i Nomenclature—General Nomenclature Forms, Salt Nomenclature
Policy (add), Policy for Postponement Schedules (add)

34 1 159

h1125i Nucleic Acid-Based Techniques—General (new) 33 5 984
h1126i Nucleic Acid-Based Techniques—Extraction,
Detection, and Sequencing (new)

33 5 990

h1127i Nucleic Acid-Based Techniques—Amplification (new) 33 5 1005
h1129i Nucleic Acid-Based Techniques—Genotyping (new) 33 5 1019
h1130i Nucleic Acid-Based Techniques—Approaches
for Detecting Trace Nucleic Acids (Residual DNA Testing) (new)

33 5 984

h1160i Pharmaceutical Calculations in Prescription
Compounding—Basic Pharmaceutical Calculations

31 3 847

h1195i Significant Change Guide for Bulk Pharmaceutical
Excipients (new)

31 4 1180
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h1196i Pharmacopeial Harmonization—PDG Working Procedures 33 4 751
h1211i Sterilization and Sterility Assurance of Compendial Articles—
Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation

30 5 1729

h1225i Validation of Compendial Procedures—Validation 33 1 96
h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1251i Weighing on an Analytical Balance (entire chapter revised) 33 4 756

Dietary Supplement Chapters
h2030i Supplemental Information for Articles of Botanical Origin—
Protocol Contents, General Guidances, Supplemental Information
and General Guidance Protocols

33 5 1029

h2040i Disintegration and Dissolution of Dietary Supplements—
Introduction (add), Disintegration, Rupture Test for
Soft Shell Capsules (add), Dissolution

32 6 1795

h2750i Manufacturing Practices for Dietary Supplements—
Organization and Personnel; Grounds, Buildings, and Facilities;
Equipment; Raw Materials, Product Containers, and Closures;
Production and Process Controls; Labeling and Packaging;
Quality Control Operations; Records and Reports; Returned and
Salvaged Products; Glossary

33 5 1035

Reagents, Indicators, and Solutions
Reagent Specifications—Introduction 33 3 503
Acetic Acid 33 6 1259
2-Aminoheptane (new) 33 1 100
8-Amino-6-methoxyquinoline (new) 34 1 162
a-Amylase 34 1 162
Bismuth Subnitrate (new) 34 1 162
1-Butanesulfonic Acid Sodium Salt (new) 33 4 766
Butyrophenone (new) 33 4 766
Calconcarboxylic Acid (new) 33 1 100
Calconcarboxylic Acid Triturate (new) 33 1 100
Activated Charcoal 33 6 1259
Cetyltrimethylammonium Bromide (new) 33 4 766
a-Cyclodextrin (new) 33 2 276
Dicyclohexylamine 32 6 1803
Diethylamine Phosphate (new) 33 4 766
Diethylene Glycol 33 6 1259
Digoxigenin (new) 32 6 1803
Digoxigenin Bisdigitoxoside (delete) 32 6 1803
Dimethicone, viscosity 500 centistokes (new) 33 1 100
4’4-Dipyridyl Dihydrochloride 33 5 1047
Docusate Sodium (delete) 33 3 504
Ethylene Oxide in Methylene Chloride (50 mg/mL) (new) 31 3 859
Ferrous Sulfate 33 6 1260
Fuchsin, Basic 33 4 766
n-Heptane, Chromatographic 33 4 767
Hexadecyltrimethylammonium Bromide (new) 33 4 767
Hexylamine (new) 33 6 1260
Hydroxypropyl-b-cyclodextrin (new) 32 6 1804
2-Methylpentane (new) 33 5 1047
Naphthalene 33 6 1260
4-(p-Nitrobenzyl)pyridine 33 6 1260
n-Octadecane (new) 32 5 1537
1-Octanol (new) 32 6 1804
Octanesulfonic Acid Sodium Salt (new) 33 4 767
Phloxine B (new) 33 6 1260
Polysaccharide Molecular Weight Standards 32 6 1804
Propylamine Hydrochloride (new) 33 1 101
Pullulan Standards (new) 32 5 1537
Pullulanase (new) 33 5 1047
Anion-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Cation-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Salicylaldehyde 33 6 1260
Sodium Phosphate, Dibasic, Dihydrate 33 1 101
Sodium Phosphate, Monobasic, Anhydrous (new) 33 2 276
Sodium Phosphate, Monobasic, Dihydrate (new) 33 2 276
Sodium Phosphite Pentahydate (new) 34 1 162
Stachyose Tetrahydrate (new) 32 5 1537
Tetrahexylammonium Hydrogen Sulfate (new) 34 1 162
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Tetrahydro-2-furancarboxylic Acid 33 6 1261
Tetrapropylammonium Chloride (new) 33 2 276
Thrombin Human (new) 29 6 2055
Triethylamine Phosphate (new) 33 6 1261

Test Solutions
Acetic Acid, Strong, TS (new) 32 5 1538
Ammonium Pyrrolidinedithiocarbamate, Saturated, TS (new) 32 5 1538
Cupric Citrate TS 2, Alkaline (new) 33 4 768
Dicyclohexylamine Acetate TS (delete) 32 6 1805
Sodium Hydroxide TS 2 (new) 33 4 768

Volumetric Solutions
Bismuth Nitrate, 0.01 mol/L 34 1 163
Ceric Sulfate, Tenth-Normal (0.1 N) 33 1 102
Iodine, Twentieth-Normal (0.05 N) 33 5 1050
Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Methanol 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Toluene 33 4 769
Mercuric Nitrate, Tenth Molar (0.1 M) 32 6 1805
Potassium Permanganate, Tenth-Normal (0.1 N) 33 1 103
Sodium Tetraphenylboron, Fiftieth Molar (0.02 M) 32 6 1807

Chromatographic Reagents
Chromatographic Reagents (new) 33 6 1261

Reference Tables
Container Specifications for Capsules and Tablets 34 1 165
Description and Solubility 29 1 266

31 2 591
31 3 861
31 4 1193
31 5 1491
31 6 1703
32 1 188
32 2 662
32 3 942
32 4 1301
32 5 1541
32 6 1811
33 1 110
33 2 285
33 3 507
33 4 775
33 5 1053
33 6 1270
34 1 166

Excipients 34 1 114

NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete)
Storage under Nonspecific Conditions (delete)
Other General Notices (delete)

34 1 119

NF Monographs
Acetone—USP Reference standards (add), Water, Assay 34 1 120
Agar—CAS number (add), Definition, Botanic characteristics,
Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

rAlbumin Human (new) 34 1 121
Alfadex—USP Reference standards, Identification, Heavy metals
Reducing sugars, Related compounds, Assay

34 1 126

Betadex—Structure (add), Packaging and storage, USP Reference
standards, Identification, Microbial limits, pH, Heavy metals,
Reducing substances, Light-absorbing impurities (add)
Related compounds (add), Assay

34 1 127

Butylated Hydroxytoluene—USP Reference standards (add),
Identification, Related compounds (add)

34 1 130

Carbomer 934—Title, Definition, Packaging and storage, Viscosity 34 1 131
Carbomer 934P—Title, Definition, Packaging and storage, Viscosity 34 1 132
Carbomer 940—Title, Definition, Packaging and storage, Viscosity 34 1 133
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Carbomer 941—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer Copolymer—Definition, Labeling, Viscosity, Limit of benzene,
Limit of acrylic acid

34 1 134

Carbomer Homopolymer—Title, Definition, Labeling, Viscosity,
Residue on ignition, Limit of benzene, Limit of arylic acid

34 1 136

Carbomer Interpolymer—Definition, Labeling,Viscosity, Limit of benzene,
Limit of acrylic acid

34 1 138

Carmellose (new)—Harmonization 33 3 537
Copovidone—Harmonization 32 6 1843
Corn Syrup (new) 33 6 1240
Crospovidone—Harmonization 28 4 1257
Dehydroacetic Acid (reinstated with changes) 33 4 703
Egg Phospholipids (new) 33 4 703
Erythorbic Acid (new) 33 6 1246
Ethyl Acrylate and Methyl Methacrylate
Coplymer Dispersion—Identification

33 6 1247

Gamma Cyclodextrin (new) 33 4 707
Liquid Glucose—CAS number (add), Packaging and storage,

Labeling (add), Reference standards (add), Identification,
Assay for reducing sugars (dextrose equivalent) (add)

33 6 1248

Glyceryl Monooleate—Chemical name, Reference standards,
Identification, Saponification value

33 6 1248

Hydrogenated Polydecene (new) 33 3 485
Hydrogenated Starch Hydrolysate (new) 33 3 488
Hydroxyethyl Cellulose (new)—Harmonization 30 2 709
Low-Substituted Hydroxypropyl Cellulose—
Harmonization

30 1 338

Inositol (new) 33 4 711
Anhydrous Lactose—Harmonization 32 6 1847
Lecithin—CAS number (add), Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Acid value,
Peroxide value (add), Hexane-insoluble matter, Lead,
Heavy metals, Content of acetone-insoluble matter

33 6 1249

Magnesium Stearate—Harmonization 30 1 340
Methylacrylic Acid Copolymer—Definition, Packaging and storage,
Labeling, Viscosity, Heavy metals, Limit of monomers

33 6 1251

Methylacrylic Acid Copolymer Dispersion—Packaging and storage,
Viscosity, Limit of monomers, Coagulum content

33 6 1254

Methyl Alcohol—USP Reference standards (add), Identification,
Assay

34 1 139

Light Mineral Oil —Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add)
Viscosity, Neutrality, Acidity, Readily carbonizable substances,
Limit of polycyclic aromatic hydrocarbons, Limit of sulfur compounds,
Solid paraffin

33 5 972

Nitrogen—Definition, Packaging and storage, Assay 31 4 1145
Nitrogen 97 Percent—Definition, Packaging and storage, Assay 31 4 1146
Oleic Acid—USP Reference standards (add), Identification (add) 32 6 1771
Oleyl Oleate (new) 31 6 1670
Paraffin—CAS number (add), Definition,
Labeling (add), USP Reference standards (add),
Identification, Reaction (delete), Acidity (add),
Alkalinity (add), Readily carbonizable substances, Limit of polycyclic
aromatic hydrocarbons (add), Limit of sulfur compounds (add)

33 5 972

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polydextrose (new) 32 4 1155
Polyethylene Glycol—Harmonization 31 3 897
Polypropylene Glycol Monolaurate—USP Reference standards, Identifica-
tion

34 2 140

Polyvinyl Acetate (new) 32 2 400
Propylene Glycol (new)—Harmonization 33 2 317
Propylene Glycol Monocaprylate (new) 33 2 261
Propylene Glycol Dicaprylate/Dicaprate (new) 33 5 974
Propylene Glycol Monolaurate—USP Reference standards, Identification 34 1 140
Pullulan (new) 33 5 975
Fully Hydrogenated Rapeseed Oil (new) 32 6 1771
Superglycerinated Fully Hydrogenated Rapeseed Oil (new) 32 6 1773
Hydrphoboc Colloidal Silica (new) 33 5 976
Silicon Dioxide (new)—Harmonization 31 4 1229

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision

Pharmacopeial Forum
Vol. 34(2) [Mar.–Apr. 2008] IN-PROCESS REVISION 463

Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Colloidal Silicon Dioxide (new)—Harmonization 31 4 1233
Sodium Caprylate—Appearance of solution 33 3 493
Sodium Tartrate—Limit of oxalate (delete) 32 6 1776
Rice Starch (new)—Harmonization 30 2 721
Sucralose—Related compounds 33 6 1255
Sucrose—Harmonization 31 3 902
Stannous Chloride (new) 33 5 978
Stearyl Alcohol—Assay 32 6 1777
Strawberry Syrup (new) 32 1 179
Succinic Acid—Identification 32 6 1777
Sugar Spheres—Particle size 32 6 1777
Tagatose (new) 30 5 1672
Tetrafluoroethane (new) 31 6 1672
Trehalose (new) 33 2 263
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 34(1)–PF 34(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
Protein A (entire submission)* 33 3 442
rProtein A, C-CYS (entire submission)* 33 3 444
rProtein A (entire submission)* 33 3 446
rProtein A, B4-C-CYS (entire submission)* 33 3 452
{Pseudoephedrine Hydrochloride—Ordinary impurities 34 1 110
{Valproic Acid Injection—Title change (to become offi-
cial October 1, 2008)

32 2 387

{New cancellations in PF 34(2).
* Four protein A ancillary materials monographs, Protein A; rProtein A, C-CYS; rProtein A; and rProtein A, B4-C-CYSwere proposed in PF 33(3).
Since ancillary materials are not medicinal products, USP has decided to incorporate information on these types of materials in General Chapters
rather than monographs. General Chapter <130> Protein A Quality Attributes combines the information on the four protein A materials as pro-
posed in PF 33(3).
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HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG). The PDG

consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The

process of harmonization is composed of several steps (Stages).

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each item.

The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be carried out retro-

spectively for existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of a

Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation data

where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature, experts, and

staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating pharma-

copeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as OFFI-

CIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and submits the

consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized Stage 5A

draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a

CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating

pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure. Adopted

items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular region.
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PHARMACOPEIAL PREVIEWS

This section contains potential revisions not yet targeted for official adoption. These may include drafts for new monographs or

chapters; drafts for standards that would require new or unusual technology; drafts for which more data are required; or changes that

would affect numerous monographs, thus having a broad impact on individual products. Readers should review the drafts in this

section and provide comments to the appropriate staff liaison whose name is cited in the Briefing (use the Staff Directory to find the

contact information).

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the

revision. Other relevant information. (For example, if a chromatographic method is being used, column specifica-

tions and retention times for compounds of interest.) Finally, the Committee designation (seeHow To Use PF), the

name of the scientific staff liaison who handled this item, and the USP tracking correspondence number, as shown

in the example below:

(DSN: L. Evans) RTS—C55678

Symbols No symbols are used in this section, as Previews are not yet targeted for official adoption.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an Expert Com-

mittee publishes an article on which they are specifically seeking comment, this will be clearly stated in the article. Readers may

submit comments on issues raised in this section, but comment is not as critical as that for the In-Process Revision and Pharma-

copeial Previews sections. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other commen-

taries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum

under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that they have not been

published previously in any language or medium and that they are not simultaneously under consideration by any other publica-

tion.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and if ac-

cepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of the USP Con-

vention (USPC) and may not be subsequently published elsewhere without written permission from the USPC. Authors are also

responsible for obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage (numbers, abbreviations,
etc.). For the latter, authors should use the current AMAManual of Style or the current ACS Style Guide. Authors may usefully consult a current
copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of Medicine’s

Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer examples of reference

formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding author.

This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the Scientific Liaison if they

would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the electronic file.

Submit the text in Microsoft1 Word or another current word-processing application. The preferred format for graphics submitted

electronically is tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for publication should be

addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852

STIMULI TO THE REVISION PROCESS
Pharmacopeial Forum Stimuli articles do not necessarily reflect the policies
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USP Responses to Comments on Stimuli Article, ‘‘Proposed Change to
Acceptance Criteria for Dissolution Performance Verification Testing’’

Walter W. Hauck,* Todd L. Cecil, William Brown, Darrell R. Abernethy, William F. Koch, Roger L. Williams, USP

ABSTRACT Pharmacopeial Forum 33(3) [May–June 2007] included a Stimuli article titled ‘‘Proposed Change to Acceptance
Criteria for Dissolution Performance Verification Testing.’’ This Stimuli article proposed changing the form of the acceptance
criteria for the Performance Verification Test (PVT) associated with USP Dissolution h711i to make the PVT consistent with
the International Organization for Standardization’s recommendations for proficiency testing. The article elicited five
comments, which are abstracted here with USP responses.

INTRODUCTION

In Pharmacopeial Forum 33(3) USP authors published a
Stimuli article titled ‘‘Proposed Change to Acceptance Criteria
for Dissolution Performance Verification Testing’’ (1). This ar-
ticle elicited a number of comments, which are published here
with USP responses. Comments have been edited for
publication.

Respondent 1

1. The fundamental proposal made by USP for the revised
acceptance criteria is to test more tablets to overcome
tablet variability. It is apparent that there is an issue with
the quality of the USP Reference Standard (RS) Tablets.
Based on the results of queries to our relevant depart-
ments, we have several reports of examples that demon-
strate the poor quality of USP RS Tablets.

USP disagrees with these statements based on data (2, 3).
The first reference (2) provides results from subjecting
USP Lot P Prednisone RS tablets to the tests, procedures,
and acceptance criteria that might be used for a commer-
cial tablet. The data indicate results that are not dissimilar
to those required in many USP monographs for drug
products legally marketed in the US. The second refer-
ence (3) provides an analysis indicating that the contribu-
tion of the Prednisone RS Tablet to Performance
Verification Test (PVT) variability is low (<4%–5%).

USP believes that the confusion about Prednisone RS
Tablet quality has been present for many years and be-
came a focus at meetings of the FDA Advisory Commit-
tee on Pharmaceutical Science in May and October 2005.
Substantial misinformation about the PVT and contribu-
tion of Prednisone RS Tablets to variability went unad-
dressed at these meetings. USP hopes that the two
publications (2, 3) will dispel some of the misinformation.
USP recommends that companies relying on the idea that
poor results in the PVTare due to poor quality of the Pred-
nisone RS Tablets should instead consider other explana-

tions: e.g., dissolved gas (4); perturbation in the dissolu-
tion apparatus (5); and irregularities in the dissolution
vessel itself (6, 7), among other factors that should be in-
vestigated and controlled during the dissolution proce-
dure, which is the primary intent of the PVT. In
addition, USP has provided a Toolkit (http://www.us-
p.org/pdf/EN/dissolutionProcedureToolkit2007-10-
04.pdf, accessed 25 October 2007) to assist manufacturers
and other laboratories in this effort.

Respondent 2

1. The suggested change of acceptance criteria and focus on
the PVT raise some concerns of inconsistency. No other
type of analysis/equipment undergoes such a proficiency
test.

USP believes this observation to be generally correct.
Historically in the US FDA, USP, and manufacturers have
not emphasized proficiency testing for food and drug test-
ing. In other sectors and in some food and drug labora-
tories elsewhere, proficiency testing occurs and yields
useful results. As measurement science advances, the
need to ensure that government, compendial, industry,
and other laboratories are getting accurate, traceable re-
sults with characterization of relevant uncertainties is ex-
pected to increase (8, 9). The PVTworks in this direction.
Among many reasons, the fact that PVT results are dispa-
rate between laboratories (see USP’s response to Respon-
dent 1, above, and references therein, particularly (3)
documents its utility in identifying sources of variance
and ways to reduce this variance.

2. A PVT is required only for Apparatus 1, 2, 3, not for 4, 5,
6, and 7.

USP regrets this situation. USP hopes to advance a con-
comitant PVT for all apparatus and for all USP perfor-
mance tests for dosage forms given by any of the five
routes of administration (10–13). USP scientists recently
published results of their work on a PVT for the vertical
diffusion cell (Franz cell) (14). The applied compendial
research needed to support the development of a PVT
for all apparatus is resource intensive and would proceed
faster if there were a combined and sustained government,

* Correspondence should be addressed to: Walter W. Hauck, PhD, Senior
Scientific Fellow, US Pharmacopeia, 12601 Twinbrook Parkway, Rockville,
MD 20852-1790; tel. 301.816.8390; e-mail wh@usp.org.
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industry, and compendial effort. The goal of consistently
performing dosage form testing within and between man-
ufacturers would seem to be a logical goal of efforts now
termed Quality by Design.

3. Because the PVT includes analyst and equipment, the use
of designated service personnel or external vendors
causes the PVT to lose all value.

The respondent is correct that a PVT comprises an assess-
ment of analyst and analytical procedure as well as disso-
lution apparatus and assembly. USP agrees that a
laboratory may lose to its detriment some of the value
of the PVT when the latter is conducted by personnel
other than the laboratory’s regular analysts. For this rea-
son USP recommends that the PVT be performed using
the regular laboratory personnel and, regardless who con-
ducts the PVT, that the laboratory’s standard procedures
be followed. USP does not agree that use of designated
service personnel or external vendors causes a PVT to
lose all value. The PVT remains an assessment of the as-
sembly, its operating environment, and laboratory proce-
dure. Also, PVT would seem to be a useful way to
monitor performance of such designated personnel or ex-
ternal vendors. In addition to the formal PVT itself the
USP PVT RS and their externally derived acceptance cri-
teria can be used as a proficiency test as part of training for
laboratory personnel.

4. The Reference Materials supplied by USP in the conduct
of a PVT (Official USP Prednisone RS Tablets and Offi-
cial USP Salicylic Acid RS Tablets) are supposed to be
reliable, reproducible, and easy to use. The wide accep-
tance criteria and recent change in these acceptance cri-
teria do not support that this is always the case.

This comment speaks to a frequently heard theme that one
of the supplied Reference Materials for the PVT, Predni-
sone RS Tablets, does not have good quality and is the
source of failure in laboratories conducting the PVT. This
theme is addressed in the USP response to Respondent 1
and references therein. The respondent is correct that the
change in acceptance criteria, which occurred on 31 July
2007, signals a change in the performance of the USP Lot
P Prednisone RS Tablet. USP is working diligently to cor-
rect this, although USP does not believe that the change
negates the value of the tablet’s use in the PVT. The task
of making a Reference Material that releases at a slow rate
(a rapidly releasing Reference Material would be of no
value in a dissolution PVT) and that also has requisite
sensitivity to factors not readily assessed by mechanical
calibration is a challenging one. USP has prepared a pub-
lic response in this matter available at http://www.usp.org/
USPNF/notices/prednisoneTabletsErrata.html, accessed
25 October 2007.

Respondent 3

1. USP mentioned the power of increasing from 6 to 12 to 18
tablets, but the authors did not provide any power curves
or calculations. Are these power calculations available or
perhaps contained in one of the references?

The power results are not currently available. The authors
will prepare a summary report for the Biopharmaceutics
Expert Committee, and, based on this comment, they in-
tend to make the requested information publicly available.
No decision has been made as yet about what form this
will take.

2. As another option, wouldn’t a two-stage sampling plan be
worth investigating?

The two-stage suggestion is a good one and will be in-
cluded in the report as well. The congruence with other
dissolution criteria makes it very appealing.

Respondent 4

General comment: Rejecting the ISO approach, the respon-
dent calls for focus on performance of an individual appara-
tus, which is more stringent than a ‘‘combined test’’ that takes
into account ‘‘Reference Material, medium de-aeration, ana-
lyst, laboratory, and the apparatus.’’

USP response: This idea has merit, and USP will further
consider it.

1. Requirement for analyst training: A certificate accompa-
nying the USP Prednisone and Salicylic Acid RS Tablets
should indicate a requirement for analyst training.

USP believes that this idea is a good one and merits dis-
cussion.

2. Dissolution medium dissolved air specification: The per-
cent dissolved oxygen should be measured with a cali-
brated oxygen sensor with specified acceptance criteria
measured in vessels after pouring and prior to the con-
duct of the procedure.

USP believes that this idea is a good one and merits
further discussion.

3. Replacement RS: If the Prednisone RS Tablet is too sen-
sitive to dissolved air, replacement RS material should be
considered.

USP agrees generally with this response. USP is working
on the next lot of Official USP Prednisone RS Tablets—
Lot Q—and will attempt to address this comment in the
further work.

4. Sampling filter requirement: Add a filter porosity require-
ment.

The Toolkit, Dissolution Procedure: Mechanical Calibra-
tion and Performance Verification Test (cited in the re-
sponse to 1 above) gives the filter type used in the PVT.
USP believes that this idea is a good one and merits
further discussion.

5. RS tablet quality control: Reference materials should be
tested for hardness, granule particle size, weight, content
uniformity, and any other pertinent parameters with de-
fined acceptance criteria relevant to the overall specifica-
tion.

USP agrees with the comment. In fact USP and the man-
ufacturer of the RS Tablets test for those quality attributes
(2).

6. Suitability of Apparatus 1 for disintegrating tablets: This
should be phased out because disintegrated tablet parti-
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cles fall through the basket screen, and results depend on
how many and how soon particles fall through the screen.

USP believes this comment has merit and will consider it
further.

Respondent 5

1. Quality of the RS Tablet.

See USP’s response to Respondent 1 and references there-
in.

2. Setting of acceptance criteria from collaborative data:
Learning from collaborative studies of USP Lot P Predni-
sone RS to set more appropriate specification ranges.

USP agrees with this comment. The acceptance criteria
for any performance standard material will need to be es-
tablished by analysis of collaborative testing. The colla-
borative study for Lot P Prednisone RS Tablets was
instructive in many ways, and USP expects it to be helpful
in planning further collaborative studies (2–7).

3. Keeping both RS Tablets and adopting the proposals
would double the testing. This will be a huge burden on
the industry.

USP agrees with this comment, and a specific vote of the
Biopharmaceutics Expert Committee recommended phas-
ing out the Salicylic Acid RS Tablets at the appropriate
time. This is planned for 2008.
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Uncertainty Statements Regarding USP Reference Standards

Kirsten Byrialsen, Else M. Soerensen, Ulla M. Riber, Torben Redder, Anne M. Jespersen, Niels Zeuthen, Novo Nordisk A/S,
Krogshøjvej 51, KD-2880 Bagsværd, Denmark*

ABSTRACT USP is currently conducting a pilot project for the production of Certified Reference Materials (see Appendix:
Terms and Definitions) in accordance with principles developed by the International Organization for Standardization.
Documentation of the Certified Reference Materials will include uncertainty (see Appendix: Terms and Definitions)
statements for the assigned values. This development will increase the transparency and quality of USP Reference Standards.
Stated uncertainties to the Reference Standards will inform users about how far from the assigned value the actual value of
content may be. The uncertainties could explain shifts in assay results when new lots of Reference Standards are
implemented. This Stimuli article is intended as a welcome comment following USP’s pilot project, which was presented at
the USP Annual Scientific Meeting, September 2007.

BACKGROUND

Consumers like to know the quality of products they pur-
chase. The same is true for patients regarding their medicines
and for manufacturers regarding the reference standards (RS)
used for analyses of drug products.

The internationally recognized principles for production of
Certified Reference Materials (CRMs see Appendix: Terms
and Definitions) are stated in International Organization for
Standardization (ISO) Guides 30–35 (1–6). According to
ISO Guide 34 (5) the uncertainty of the assigned values for
pharmacopeial RS ‘‘is negligible in relation to the defined lim-
its of the method-specific assays of the pharmacopoeias for
which they are used.’’

USP RS are established for use in many pharmacopeial as-
says and tests. For quantitative analyses such as assays, the
specific lots of USP RS should be used with the values as-
signed by USP. In order to release batches of a pharmaceutical
product, manufacturers must document compliance with a
specification interval for the content of active substance, e.g.
labeled content value � 5 %. The measurement results (analy-
tical results) obtained using specified assays are used to docu-
ment this.

During the shelf life of the drug product, variations originat-
ing from the analytical procedure (analytical parameters), the
drug product, or the RS used for determination of the content
should not cause the measurement results to fall outside the
specification interval.

Today the production of drug products is heavily regulated
and documented, and the industry uses considerable amounts
of resources to determine the precision and accuracy of analy-
tical procedures. However, no information is available regard-
ing the uncertainties of the assigned values of pharmacopeial
RS, their expiration dates, or the criteria used to set the validity
of the RS. The quality evaluation of the RS is therefore essen-
tially based on trust.

THE NEED FOR TRACEABLE MEASUREMENT
RESULTS

When operating globally, pharmaceutical companies must
be able to compare measurement results obtained in labora-
tories in different regions. Furthermore, when performing sta-
bility studies on drug products companies also find it
necessary to be able to compare measurement results obtained
over time in order to detect and monitor possible product de-
gradation.

Comparability of measurement results obtained both over
time and between laboratories requires that the results be trace-
able. Metrological traceability (see Appendix: Terms and De-
finitions) can be claimed only if the results are related to stated
references through an unbroken chain of comparisons, all of
which have stated uncertainties. This implies the need for un-
certainty statements for the assigned value of the RS used.

IMPACTOF THE UNCERTAINTYOF THE ASSIGNED
VALUE—EXAMPLES

All assigned values of content for specific RS lots are asso-
ciated with an uncertainty, regardless of whether the uncer-
tainty is stated or not. This is illustrated by the following
three examples of observations based on data obtained in stu-
dies involving more than one USP RS lot.

1. Comparison of USP RS—One Lot vs. the Following Lot
When USP has implemented new lots of an RS, studies

comparing the new RS lots with the current (previous) lots
have been carried out to evaluate the consequences for the
measurement results obtained by HPLC assays. Three lots of
Estradiol (E2) RS and two lots of Norethindrone Acetate/Nor-
ethisterone Acetate (Neta) RS have here been examined by
comparing the new lot with the previous lot. The results, given
as the observed relative change of content in product samples,
are shown in Figure 1.

* Correspondence should be addressed to Shawn F. Dressman, PhD, Director,
Reference Standards Evaluation, US Pharmacopeia, 12601 Twinbrook Park-
way, Rockville, MD 20852-1790; tel. 301.816.8261; e-mail sfd@usp.org.
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Figure 1. Change in observed relative content in product samples when the following lot of USP RS is implemented. The error bars indicate the

95 % confidence interval. The content assigned by USP is indicated in parentheses for each lot.

The results show that measurement results from assay of the
products may change markedly when a new lot of USP RS is
implemented. However, in 2002 the labeling policy for Assay
RS in USP changed from default labeling (100 % purity) to
labeling to nearest 0.1 % purity (personal communication from
Shawn Dressman, USP). This policy change can explain the
most dominant shifts seen in Figure 1. In general, when com-
panies implement a new lot of RS analysts may observe that
assay values from the existing lot of RS are somewhat lower
than the values obtained from the new RS because of degrada-
tion the existing lot of RS has experienced over time. Ideally,
implementing the new lot of RS will return the level of results
to ones comparable to those found when the previous RS was
implemented. However, the uncertainty of the assigned value
for the new RS also influences the new level of sample assay
results. Some changes in assay results can be explained by the
uncertainty of the assigned values of the RS.

Because the assigned value has been determined using ana-
lytical procedures—and all procedures are associated with un-
certainty—the assigned value is associated with uncertainty.

This uncertainty arises from the inherent variability of the ana-
lytical procedure but also from the choice of analytical proce-
dure and/or the principle for determination of the assigned
value (e.g., an assumption that a material is 100 % pure).
The latter type of uncertainty is difficult (often impossible)
to quantify, but the random variability can be quantified using
basic statistical methods.

2. Comparison of In-house RS vs. USP RS
In-house secondary RS are usually established for determi-

nation of the active substance in protein products. When new
lots of USP RS have been implemented, calibration studies
have been carried out in order to assign the content value of
the in-house RS traceable to the new lot of USP RS. One lot of
in-house secondary RS of Human Insulin has been used over a
period of six years. During this time, the material has been cal-
ibrated against four different lots of USP Human Insulin RS.
The results are shown in Figure 2.

Figure 2. Results of content of in-house RS expressed in USP U/mL obtained from calibration of in-house RS against four lots of USP Human

Insulin RS. The error bars indicate 95 % confidence intervals.
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The results show that the content of the in-house RS esti-
mated by the calibration studies largely depended on the
USP RS lot.

3. Measurement Results Obtained over Time
For long-term stability testing samples of one lot of in-

house secondary RS of Human Insulin were compared with
USP Human Insulin RS (current lot at time of analyses) and
an in-house primary RS of Human Insulin (one lot).

The analyses were carried out over a period of six years.
The USP RS lot was provided in vials with approximately
100 mg Human Insulin powder, and the in-house primary

RS was a solution of Human Insulin. The set-up for the ana-
lyses was identical, i.e., independent of the primary RS used
(USP RS and in-house primary RS), and equal numbers of
vials for each RS were analyzed concurrently. The results
are shown in Figure 3. The stability of the in-house primary
RS was documented by separate studies on other stability-in-
dicating parameters, e.g., human insulin–related compounds
and high molecular weight proteins. Implementation of the
specific lots of USP RS in the study is indicated in the figure
by arrows.

Figure 3. Results from stability study of Human Insulin: one lot of in-house secondary RS vs. USP RS (3 lots) and in-house primary RS (1 lot).

Implementation of new lots of USP RS in the study is indicated by arrows.

Figure 3 shows that the results obtained using the current
USP RS lot (3 different lots) varied considerably more than
the results obtained using the in-house primary RS. The varia-
tion in the results obtained using the different lots of USP RS
could be due to the uncertainty of the assigned values of the
lots and the inhomogeneity between USP RS vials.

The three examples presented illustrate that different USP
RS lots result in different content values of the drug product
determined by assay. An obvious explanation for at least part
of these differences observed is the uncertainty of the assigned
value of each RS lot. If the uncertainty of the assigned value
was nonexistent or negligible, the content value determined
for the in-house RS and for the drug product should not
change over time or between shifts in RS lots apart from var-
iation due to assay precision.

ESTIMATION OF THE UNCERTAINTY OF THE
ASSIGNED VALUE OF AN RS

The uncertainty associated with the assigned value for a
sample from an RS should be valid for the shelf-life period
and should be stated as contributions from
� the estimation of the content (assigned value)
� the homogeneity of the content, i.e., the between-vial

homogeneity and, if relevant, the within-vial homogene-
ity

� the stability of the material during the period of validity
(shelf life).

The stated uncertainties should be valid for the value of the
actual RS sample at any time within the validity period.

Estimation of Content

The assigned value of an RS is usually related to the mean
value obtained for the RS lot. The uncertainty of the assigned
value is therefore calculated as the uncertainty of the grand
mean of the measurement results in the collaborative study.
Consequently, the estimate of uncertainty is not related to
the individual measurement result.

Homogeneity

The homogeneity of an RS lot is expressed as the variation
of content between or within vials (i.e., as the inhomogeneity
of the content). Because estimation of content is based on the
mean value of an RS lot, the uncertainty of the assigned value
for a single vial must be increased with the between-vial
inhomogeneity.

Stability

The uncertainty statement related to the degradation of the
RS lot over time can be based on the acceptance criteria for
validity of the assigned value of the RS lot. These acceptance
criteria should be predetermined by USP in order to decide
whether or not to continue the sale of an RS lot.
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UNCERTAINTY OF MEASUREMENT RESULTS
FROM ASSAYS

The content value of a drug product (i.e., the measurement
result from the assay that is used for release of a batch) is not
the true value of content but rather an estimate of the value
determined by the assay. The uncertainty of the content value
is a combination of uncertainties (variations) originating from
the analytical procedure (analytical parameters), the RS, and
the drug product. Uncertainty contributions that originate from
the RS usually are not included (or are included only to a lesser
extent) in the precision of the analytical procedure because
only a single lot of RS is available at the time for the precision
study.

SPECIFICATIONS FOR DRUG PRODUCTS

To comply with shelf-life limits for a drug product, the fol-
lowing variations must be included in the specification interval
for content:
� variations related to production, such as variation in the

formulation and the filling procedure, i.e., the within-
and between-batch homogeneity of the product

� degradation of the drug product throughout the shelf-life
period

� variations related to the analytical procedure
� variations related to the RS used for content determina-

tion.

CONCLUSIONS AND RECOMMENDATIONS

Today pharmaceutical companies are able to estimate the
uncertainty contributions related to the production, the analy-
tical procedure, and the value assigned to in-house RS (if
used). Unfortunately, it is not possible to achieve full metrolo-
gical traceability of the measurement results because compa-
nies have no information about the uncertainty of the assigned
value of the RS to which the results should be traceable.

Concerns were raised at the USPAnnual Scientific Meeting
in September 2007 regarding the consequences of this lack of
information regarding the uncertainty associated with RS.
Some participants were concerned that information about un-
certainty could lead regulatory authorities to narrow the speci-
fication interval for drug product content. However, regulatory
and compendial scientists should be aware that uncertainty re-
lated to the assigned value of an RS and the effects of this un-
certainty have always existed, whether they were stated or not.
Therefore, the specification interval should under no circum-
stances be narrowed as a result of an uncertainty statement. To
the contrary, the specification interval should be expanded if it

becomes apparent that the assumption of negligible uncer-
tainty associated with an RS is false and if the uncertainty is
acceptable in relation to the drug product’s clinical effect.

The primary benefit of stating the uncertainty associated
with an RS is to inform the RS user about how far from the
assigned value the actual value of content may be. Further-
more a statement of the specific uncertainty contributions will
allow the RS user to make meaningful comparisons of meas-
urement results obtained over long periods or between labora-
tories because the results will be traceable. In this case the re-
levant uncertainty contributions are related to assigned value,
homogeneity, and stability. Statements of uncertainty contri-
butions also allow RS users to evaluate how much external
RS lots contribute to variations in analytical determinations,
thereby making it possible for analysts to evaluate how much
of the specification interval is contributed by external RS lots.
In this case the relevant uncertainty contributions are related to
assigned value, homogeneity, and stability. Armed with this
information, analysts can evaluate how many RS vials are
needed when they calibrate in-house RS vs. external RS. In
this case the relevant uncertainty contribution is homogeneity.

With these factors in mind, the authors strongly support the
USP pilot project for the production of CRMs.
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Appendix: Terms and Definitions

Term (Section of VIM) Definition from VIM (7)

Certified Reference Material
(6.14)

Reference material, accompanied by a certificate, one or more of whose property values are
certified by a procedure which establishes traceability to an accurate realization of the unit in
which the property values are expressed, and for which each certified value is accompanied by
an uncertainty at a stated level of confidence.

Traceability (6.10) Property of the result of a measurement or the value of a standard whereby it can be related to
stated references, usually national or international standards through an unbroken chain of
comparisons all having stated uncertainties.

Uncertainty of measurement
(3.9)

Parameter, associated with the result of a measurement, that characterizes the dispersion of the
values that could reasonably be attributed to the measurand.

Notes:
1. The parameter may be, for example, a standard deviation (or a given multiple of it), or the half-width

of an interval having a stated level of confidence.

2. Uncertainty of measurement comprises, in general, many components. Some of these components

may be evaluated from the statistical distribution of the results of series of measurements and can be

characterized by experimental standard deviations. The other components, which can also be char-

acterized by standard deviations, are evaluated from assumed probability distributions based on ex-

perience or other information.

3. It is understood that the result of the measurement is the best estimate of the value of the measurand,

and that all components of uncertainty, including those arising from systematic effects, such as com-

ponents associated with corrections and reference standards, contribute to the dispersion (3.9).

Uncertainty of measurement in this document is referred to as uncertainty.
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Revision of USP General Chapter Elastomeric Closures for Injection h381i
Dana M. Guazzo, PhD, USP Parenteral Products–Industrial Expert Committee*

ABSTRACT The USP Parenteral Products–Industrial Expert Committee (PPI EC) has worked during the past three revision cy-
cles to revise USP General Chapter Elastomeric Closures for Injection h381i. This Stimuli article summarizes these efforts and in
the Appendix provides an overview of the current draft revision of h381i. USP h381i will be included in the First Supplement to
USP 31, scheduled to become official on 01 August 2008. General Chapter h381i addresses the needs of the global pharmaceu-
tical manufacturing environment by incorporating many of the tests contained in the European Pharmacopoeia (Ph. Eur.) Rubber
Closures for Containers for Aqueous Parenteral Preparations, for Powders, and for Freeze-dried Powders 3.2.9 while retaining
critical quality testing criteria in USP, such as Biological Reactivity Tests. Key modifications that appear in the revised h381i
include:
1. Establishment of Closure Classifications, Type I and II. The revised chapter includes classification criteria for Type I and II

closures.
2. Addition of identification tests. Unlike Ph. Eur. 3.2.9, h381i does not define specific identification tests. However, the chapter

leaves it up to closure suppliers and end users to verify closure elastomeric formulations and coating materials according to
suitable tests that meet pharmacopeial standards.

3. Elimination of isopropyl alcohol (Extraction solvent C) and drug product vehicle (Extraction solvent B). Water is the only
extraction solvent specified in the revised chapter. To encourage the identification of extractables, the original chapter re-
quired additional solvents. The revised chapter’s Introduction explains that h381i tests are intended as an initial screen. The
end user is responsible for identifying and evaluating the safety of leachables in the packaged product.

4. Elimination of closure sample preparation by autoclaving for 30 min. The current chapter requires that closures be auto-
claved for 30 min and then rinsed prior to the final extraction with the appropriate solvent. The revised h381i does not include
this step. However, closures must conform to h381i both in their as-shipped state from the closure manufacturer and in their
final ready-to-use state by the end user. Thus closures are required to meet h381i regardless of any prior processing to which
they may have been exposed.

5. Addition of specification limits for the following tests:
—Turbidity [named Appearance of Solution (Turbidity/Opalescence) in revised h381i]
—Reducing Agents (named Reducing Substances in revised h381i)
—pH Change (named Acidity or Alkalinity in revised h381i)
—Heavy Metals.

6. Addition of the following tests:
—Appearance of Solution (Color)
—Absorbance
—Extractable Zinc
—Ammonium
—Volatile Sulfides
—Functionality Tests:

—Penetrability
—Fragmentation
—Self-sealing Capacity.

7. Elimination of Total Extractables test. This test (called the Total Solids test in Ph. Eur.) was eliminated in revised h381i. PPI
EC determined that this test has limited value because of the typically low test results obtained with today’s cleaner elasto-
meric formulations.

PPI EC concludes that revised h381i is suitable for compendial testing of closures intended for use in injectable product pack-
aging.

* Correspondence should be addressed to: Desmond G. Hunt, PhD, Scientist,
US Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852-1790;
tel. 301.816.8341; fax 301.816.8373; dgh@usp.org.
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INTRODUCTION

The first efforts to reviseUSP h381i began during the 1995–
2000 revision cycle. At that time many stakeholders believed
that h381i should remain in its current format with the addition
of test acceptance criteria/limits. Therefore the Parenteral
Products–Industrial Expert Committee (PPI EC) began a
lengthy process to obtain h381i test data to support the crea-
tion of meaningful acceptance criteria. Parenteral Drug Asso-
c i a t i on (PDA) member s who a re expe r i enced in
pharmaceutical and closure manufacturing played a major role
in coordinating this effort.

As time progressed, healthcare industries rapidly globa-
lized, and product–package systems with closures that met
the established specifications of the European Pharmacopoeia
(Ph. Eur.) Rubber Closures for Containers for Aqueous Par-
enteral Preparations, for Powders, and for Freeze-dried Pow-
ders 3.2.9 became more cost effective. Therefore the PPI EC
for the revision cycle 2000–2005 elected to create a comple-
tely revised h381i that would more closely mirror Ph. Eur.
3.2.9. The EC intended to reflect current industry trends and
minimize the burdens of closure testing.

Creating an updated USP chapter that addressed closures
for injectable products and was harmonized with Ph. Eur.
proved to be a challenging task. PPI EC aimed to publish a
revised USP chapter that would establish final tests that would
be meaningful and useful for today’s closure formulations and
product–package systems. Numerous commenters suggested
that USP simply copy the Ph. Eur. 3.2.9 chapter into USP.
However, this would not allow users of USP to perform these
tests because industry also would need access to many Ph.
Eur. cross-referenced standards and test procedures that are
not precisely duplicated in USP. Some recommended that
USP should simply refer the reader to Ph. Eur. 3.2.9. But even
referring a user of USP to Ph. Eur. would require the user to
purchase the entire Ph. Eur., and such an approach would not
be consistent with USP’s general approaches to harmoniza-
tion. Linking Ph. Eur. 3.2.9 to USP h381i and ensuring timely
awareness of impending revisions to all the tests, procedures,
and acceptance criteria, and cross-referenced standards and
procedures would require that USP h381i be part of a more
broadly based harmonization program. If h381i does enter
such a program, the PPI EC expects that such efforts will have
a greater likelihood of success because of the revisions that are
now being made. PPI EC continued its efforts to create a USP
h381i chapter that is useful to industry and also is aligned with
Ph. Eur. 3.2.9 into the current 2005–2010 revision cycle.

In the course of the 2000–2005 revision cycle, the proposed
USP h381i appeared in Pharmacopeial Forum (PF)29(1)
2003 andPF30(1) 2004.In response to numerous comments,
PPI EC decided to verify certain physicochemical tests in an
independent laboratory study. The EC did not consider this
work necessary to justify the test procedures or the test limits
(acceptance criteria) because these were already well estab-
lished inPh. Eur.Rather, this was an attempt to identify any
technical problems associated with the new h381i proposed
in PF 30(1) 2004, largely because of a) differing compositions
of test solutions and b) because of different text formats and

wording between the compendia. Therefore, only one labora-
tory was chosen for the work. Some have commented that the
PPI EC should have conducted a multi-laboratory collabora-
tive study to generate statistically significant data. But the
EC felt such an effort was unnecessary, would incur significant
costs, and would cause unreasonable delays.

PPI EC selected Whitehouse Analytical Laboratories, LLC
(WAL) (www.whitehouselabs.com) as the independent test
laboratory for the study. This laboratory is GMP-certified
and has undergone successful regulatory inspections. WAL’s
primary business is package component testing, and the com-
pany has expertise in both USP h381i and Ph. Eur. 3.2.9.
These observations indicated that WAL was qualified for this
work and, on this basis, was subcontracted by USP to perform
the tests the PPI EC deemed necessary to advance h381i to-
ward a significant revision. WAL performed this work at a
much reduced rate as a service to USP.

At the request of USP, four suppliers provided closure sam-
ples: American Stelmi Corp., Helvoet Pharma, Hospira, Inc.,
and West Pharmaceutical Services, Inc. A total of 13 closure
types were provided in a range of sizes, materials of construc-
tion, styles, and colors (Table 1). Upon receipt of the 13 clo-
sures a member of PPI EC blinded the sample set by assigning
random identification numbers ranging from 1 to 13.

At the request of PPI EC, the closures supplied included
those that the suppliers claimed could meet Type I as well as
Type II specifications and even closures that would likely fail
Type II specifications. Suppliers had the option to base their
Type classifications on their own testing performed according
to either Ph. Eur. 3.2.9 or the proposed specifications in new
h381i in PF 30(1) 2004. How the suppliers defined Type is
noted in subsequent data tables. Not all the samples submitted
were marketed closures; rather PPI EC intended to use sam-
ples that represent a wide range of performance in order to
thoroughly challenge the tests.

Table 2 lists the Ph. Eur. 3.2.9 physicochemical tests and
their proposed USP counterpart tests performed at WAL. At
WAL Analyst 1 tested each blinded closure population once
according to Ph. Eur. 3.2.9 to provide an intralaboratory base-
line for comparison. Then two analysts (Analyst 1 and Analyst
2) tested each population according to USP h381i for a total of
two tests carried out according to theUSP procedure. TheUSP
h381i tests followed the text of PF 30(1) 2004 with certain
editorial changes and corrections based on comments re-
ceived. PPI EC compared these USP test results to the Ph.
Eur. 3.2.9 data generated at WAL, as well as to relevant data
provided by the suppliers. All raw data are retained by WAL,
and copies are located at USP Headquarters.

After completion of the USP-sponsored research study, a re-
presentative of PPI EC presented an overview of the results
from these tests, along with proposed USP h381i text, at the
PDA 2007 Annual Meeting and invited comments. PPI EC
also consulted the analysts at WAL regarding the General
Chapter’s textual clarity and accuracy. PPI EC relied on these
comments and the research results and finalized USP h381i.
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USP h381i RESPONSE AND RESEARCH RESULTS

The following section presents comments PPI EC received
during the revision of h381i, EC responses, and data from the
research study to show how the revision of USP h381i took
place. Table 3 shows the general format of data tabulation. Ta-
bles 4–13 show all results from this study. Table 14 lists the
final Type classifications for each closure sample determined
from the research study results and compares this classification
to the final Type classification for each closure as stated by the
suppliers. The final text of USP h381i, as it will appear in the
First Supplement to USP 31, appears in the Appendix.

1. Introduction

1.1 Comments. Numerous commenters requested clarification
about the influence of coatings, laminations, and siliconization
on compendial test requirements. Respondents also made re-
quests about and suggestions regarding Type I vs. Type II clo-
sure definitions, differentiation, and test limits. Some
suggested that Type II closures should not be reserved for mul-
tiple-dose products because current multi-dose products often
are aqueous and should be packaged in Type I closures if pos-
sible. Other respondents asked USP to explain why a closure
received a final classification of Type I instead of Type II. Fi-
nally, one commenter asked USP to delete the statement that
closures should be sterilized before use in order to allow the
use of clean but not sterile closures for products that are in-
tended for terminal sterilization.

1.2 Response. PPI EC agreed to clarify closure types and ma-
terials of construction in USP h381i. The EC added specifics
regarding closures made of silicone vs. those lubricated with
silicone (e.g., dimethicone) and uncoated vs. laminated or lac-
quer-coated closures.

PPI EC agreed that the preferential use of Type I vs. Type II
closures should be based on the aqueous vs. non-aqueous nat-
ure of the packaged preparation and not on the single-use vs.
multiple-use functionality of the closure. USP h381i now
states a general preference for Type I closures, but the Chapter
notes that in some applications Type II closures may be more
appropriate because of the extractables/leachables profile of
the closure with specific products. Also, closures may not
meet all the Type I requirements because of their physical con-
figuration, material of construction, or both. PPI EC added a
statement explaining that if a closure fails to meet even one of
the Type I tests but meets the Type II requirements for that test,
then the final classification of the closure is Type II.

Finally, the EC decided to retain the statement that closures
should be sterilized before use in order to emphasize the crit-
ical nature of the injectable products being packaged. How-
ever, this statement is not intended to prevent the end user
from performing technically and scientifically sound processes
that are appropriate for specific products and that satisfy reg-
ulatory requirements.

2. Characteristics

2.1 Comments. Some suggested that this section could be de-
leted entirely because it is vague and offers no value. Another
comment suggested improved and expanded wording.

2.2. Response. PPI EC decided to preserve this section and to
adopt the proposed additional wording because it provides a
general statement of quality expectations. Moreover, USP
General Chapters are not intended to be prescriptive but rather
serve to identify the principal issues relevant to meeting
specifications.

3. Identification

3.1 Comments. The h381i text in PF 29(1) 2003 did not in-
clude the specific identification tests that can be found in
Ph. Eur. 3.2.9. Respondents generally accepted this approach,
and only one voiced a negative opinion. Some respondents
made suggestions about more clearly and accurately describ-
ing the identification test examples in the General Chapter.
One questioned the need for the closure supplier to perform
identification tests at all and stated that this is the sole respon-
sibility of the injectable product end user.

3.2 Response. PPI EC elected to adopt wording to improve
and clarify the list of example identification tests provided.
The EC agreed that the end user is responsible for identifica-
tion testing, but the closure manufacturer should routinely pro-
vide identification test results to the end user in order to certify
that the closures supplied match specifications.

4. Test Procedures

4.1 Comments. The h381i text in PF 30(1) 2004 suggested
pretreatment of closures according to ‘‘actual use conditions’’
before compendial testing. Numerous respondents expressed
concern that this deviates from Ph. Eur. 3.2.9, which allows,
but does not require, pretreatment. Although EC members
generally agreed on the importance of knowing if processing
will cause closures to deteriorate and fail specifications, they
felt that the present wording poses challenges to closure man-
ufacturers who might not be in a position to determine what
the relevant ‘‘pretreatment’’ should be. One respondent sug-
gested that specific pretreatment processes be outlined in USP.

During the 2007 PDA Annual Meeting PPI EC proposed
alternative wording that closures should meet requirements
‘‘both in their natural, manufactured state, as well as after pro-
cessing.’’ Some commented that this may be confusing, e.g., at
what point is a closure natural?; and if a closure manufacturer
processes the components in some manner before shipment,
are the components still natural after processing?; or should
suppliers perform compendial tests both before and after such
treatment? Instead, some commenters suggested that closures
should comply with specifications both in their ‘‘as-shipped
state’’ by the closure manufacturer and in their ‘‘ready-to-
use state’’ by the end user. One respondent suggested that pro-
cessing conditions should be documented only if such proces-
sing ‘‘deviates from the normal.’’
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An additional commenter, who was considering the rele-
vance of physicochemical tests for laminated or coated clo-
sures, asked who should perform these tests if the latter are
relevant only to the uncoated elastomer. Also, the respondent
queried how firms should assess the impact of processing and
sterilization in this case.

4.2 Response. In order to minimize confusion, PPI EC mod-
ified the text to state that closures must meet compendial spe-
cifications both when they are shipped from the closure
manufacturer to the end user and in their final, ready-to-use
state at the end user’s facilities. Further explanation was added
regarding processing/sterilization. If processing/sterilization
are performed by the closure manufacturer before shipment,
then the closures tested by the manufacturer should be so pro-
cessed/sterilized before testing. Similarly, if the end user pro-
cesses/sterilizes closures, the end user is responsible for
testing closures exposed to sterilization processes.

Regarding laminated or coated closures, the EC added
wording to clarify that physicochemical tests apply only to
the uncoated base closures, which should be processed/steri-
lized according to the respective coated closure procedures be-
fore testing. The EC believes that the uncoated base closure
should be tested and shown to conform to all h381i require-
ments even though the presence of the coating may act to im-
prove the performance of the closure by minimizing
extractables. Although the coating may lessen extractables,
it should not be considered a complete barrier. Extracts from
portions of the closure that are not coated may be deposited on
the coated surfaces during closure processing, handling, or
storage. Coatings may not be present on all surfaces that po-
tentially may contact the contained product. And extracts may
migrate through the coating to some extent during the pro-
duct’s shelf life.

If firms siliconize closures, they are not required to test clo-
sures after lubrication, especially if the presence of silicone
may interfere with test results.

PPI EC does not agree with documenting only processing/
sterilization conditions that fall outside the so-called norm be-
cause normal procedures may vary between closure types and
over time.

5. Biological Tests

5.1 Comments. The majority of comments received related to
the relevance of these tests in final closure classification and in
relationship to Ph. Eur. harmonization. Questions submitted
included: 1) which of the three USP Biological Reactivity
Tests, In Vitro h87i should be applied; 2) why should Type I
and Type II closures meet the same limits; and 3) why should
biological safety tests be included—they are not part of Ph.
Eur.?

5.2 Response. The final h381i text advises the reader to refer
to USP The Biocompatibility of Material Used in Drug Con-
tainers, Medical Devices, and Implants h1031i for clarifica-
tion regarding which USP h87i procedures should be
performed. Type I and Type II closures must meet the same
safety limits. As noted in the Introduction to USP h381i, these
tests are intended only as an initial safety evaluation. Verifica-
tion of the safety of closure leachables in the packaged product

must still be performed as part of a full package development
process. With regard to harmonization, biological safety tests
are not included in Ph. Eur., but USP recognizes that closures
approved for use in countries of the Council of Europe who
have agreed to conform to the Ph. Eur. meet International Or-
ganization for Standardization (ISO) safety tests that are sim-
ilar to those in h381i. Therefore the EC believes that including
USP biological safety tests does not fall outside the spirit of
harmonization.

6. Physicochemical Tests—Preparation of Solutions

6.1 Comments. The creation of Solution S using 200 mL of
water per 100 cm2 of closures according to Ph. Eur. 3.2.9 eli-
cited several comments: 1) firms need an allowable surface
area range; 2) analysts need to adjust the dilution volume in
order to achieve an exact surface-area-to-volume ratio; 3)
the procedure should allow rounding the dilution volume to
the nearest 10 mL; and 5) the General Chapter should include
procedures for standardizing the determination of surface area.

Respondents made the following comments regarding the
heating process: 1) modify wording to ‘‘cover with boiling
water’’; 2) specify the times and temperatures for heating
and cooling; and 3) permit other procedures for closing the
container during heating.

Finally, respondents noted the need to describe the prepara-
tion of a blank solution.

6.2 Response. PPI EC paid a great deal of attention to this text.
Clearly, any notable changes to the creation of the extract solu-
tion could affect all physicochemical test results and make
USP h381i significantly different from Ph. Eur. 3.2.9. How-
ever, the EC acknowledges the ambiguity in the current Ph.
Eur. dilution procedure, which specifies simply the use of
200 mL of water per 100 cm2 of closures. For example, ac-
cording to the Ph. Eur. procedure smaller closures of a given
elastomeric formulation can yield different results than much
larger closures of the same type because the actual surface area
used for the uncut larger closures may deviate significantly
from the target 100 cm2. Other factors may enter into this dif-
ference in performance, but this error in surface-area-to-vol-
ume ratio alone is a significant cause for variation.

In the end PPI EC agreed to establish a range of 90–110 cm2

for the target closure surface area. If the surface area lies with-
in this range, 200 mL of water should be added, which is
equivalent to Ph. Eur. 3.2.9. If it is not possible to achieve this
target surface area with uncut closures, analysts are instructed
to use the number of closures that most closely approximate
100 cm2. In this case, the USP procedure calls for an adjust-
ment in diluent volume to 2 mL of water per each 1 cm2 of
actual closure surface area used.

The USP research study required that USP h381i Solution S
be prepared by addition of 2 mL of water for every 1 cm2 of
actual surface area used, but Ph. Eur. 3.2.9 stipulates that Solu-
tion S be prepared without dilution adjustment. Therefore, the
research study test results represent worse-case differences be-
tween procedures for Solution S preparation.

PPI EC has no plans to add procedures for surface area cal-
culation. The EC made no changes to the text regarding how
the container should be closed, nor did the EC make any
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changes to the heating/cooling steps, primarily in order to
maintain consistency with Ph. Eur. The EC added steps for
the preparation of a blank solution.

7. Appearance of Solution (Turbidity/Opalescence and
Color)

7.1 Comments (Turbidity).Most respondents were in favor of
establishing an instrumental procedure for turbidity. However,
some expressed concern about the lack of an established rela-
tionship between the currentUSP h381i turbidity test based on
visual appearance and the proposed instrumental procedure.
One commenter suggested publication of a Stimuli article to
explain and justify the use of the instrumental turbidity tests
and the pass/fail criteria.

Regarding the turbidity Reference Standards, comments in-
cluded: 1) the dilution volumes are incorrect for Reference
Suspension A; 2) Reference Suspension C should be deleted;
3) water should be added as a reference; 4) Reference Standard
formulation steps should be deleted, and the user should sim-
ply purchase calibrated standards; 5) the meaning of Fourier
Turbidity Units (FTUs) should be explained; and 6) the turbid-
ity specifications in USP should be justified because they are
more strict than those in Ph. Eur.

Respondents also suggested that the test section title be
modified and that subtitles should be added.

7.2 Comments (Color). Comments focused on an apparent er-
ror in the preparation of the Color Standard. Specifically, com-
menters suggested that Solution S should be not more
intensely colored than a mixture of 3.0 mL of Matching Fluid
O (rather than 6.0 mL) and 97.0 mL of diluted hydrochloric
acid, viewed similarly (cf.USP Color and Achromicity h631i).

7.3 Response. PPI EC determined that the traditional USP text
format and terminology in this section are particularly confus-
ing and easily misinterpreted, especially because of the com-
plexity of the tests. Therefore, the EC made several changes,
including reorganizing the section with appropriate titles and
subtitles. Simple-to-follow subsections spell out the creation
of turbidity standards and reference solutions. These subsec-
tions match the format of Ph. Eur. 3.2.9. The EC added a table
that clarifies the proper creation of turbidity Reference Suspen-
sions, including their turbidity values. A second new table
clearly defines the turbidity pass/fail criteria for Type I and
Type II closures. The EC corrected errors in the dilution vol-
umes of turbidity standards and test solution specification lim-
its and added a note that allows the use of commercially
available turbidity standards.

At the time of PF 30(1) 2004, Ph. Eur. 3.2.9 included only a
visual inspection procedure for turbidity. Thus the EC based
the proposed procedure on ISO 8871-1:2003(E). Ph. Eur.
3.2.9 has since been revised and also includes an instrumental
procedure for turbidity determination based on ISO 8871-1, as
cross-referenced in Ph. Eur. Clarity and Degree of Opales-
cence of Liquids 2.2.1. To ensure the comparability of USP
and Ph. Eur., USP has discontinued use of FTU units and
has adopted Nephelometric Turbidity Units (NTUs). One
FTU = 1 NTU. Although analysts do not need Suspension D
to determine turbidity, the EC added it to conform further to
Ph. Eur. 2.2.1.

Both USP and Ph. Eur. retain the visual procedure. Both
compendia include a note that encourages the use of the instru-
mental procedure because of its greater discriminatory power
and because it depends less on analysts’ visual acuity.

PPI EC checked the directions for creating the Color Stan-
dard reported in PF 30(1) 2004 and found that they were cor-
rect (6.0 mL ofMatching Fluid O diluted with 94 mL of dilute
acid). The confusion is due a difference in USP’s Matching
Fluid O and Ph. Eur.’s Solution GY. The concentration of Solu-
tion GY is twice that ofMatching Fluid O. Therefore, although
Ph. Eur. specifies the use of 3.0 mL of Solution GY diluted to
create the final Standard Solution GY5, USP specifies 6.0 mL
ofMatching Fluid O diluted to create the final Color Standard.

7.4 Research Results Appearance of Solution (Turbidity/
Opalescence). Tables 4 and 5 show the turbidity test results
for Procedure A (Visual) and Procedure B (Instrumental), re-
spectively. These results indicate that almost all closures that
suppliers expected to meet Type I specifications for this test
did meet Type I criteria when tested by both visual and instru-
mental procedures. Closure 13 was an exception because Ana-
lyst 1 judged that this closure met Type II turbidity
specifications (USP visual test).

Analysts might have more difficulty correctly identifying
Type II closures according to the visual test. For example, both
analysts evaluated Closure 9 as Type I, but the instrumental
results clearly supported the supplier’s Type II test-specific
classification. Closure 12, which the supplier said was likely
to fail Type II criteria, clearly demonstrated acceptable Type II
results by the instrumental method, but visual readings yielded
a result of Type I in 2 of 3 examinations.

Closure 8 results were conflicting because turbidity read-
ings were remarkably different between Analyst 2 (7.7
NTU) and the first results from Analyst 1 (0.2 NTU). This dif-
ference also appeared in the visual test results. USP suspected
the results indicated a laboratory error and requested that Ana-
lyst 1 repeat the visual and instrumental test readings for this
closure. The repeat tests clearly indicated Type II readings in-
strumentally (9.4 NTU). The visual results were still conflict-
ing: Type I according to Ph. Eur. and Type II according to
USP.

Thus the turbidity test is not always a clear indicator of Type
I vs. Type II classification, especially for Type II closures.
Generally, the visual method proved reliable for Type I clo-
sures with a low levels of extractables. If Solution S was more
than negligibly turbid, visual interpretation often led to error.
The instrumental method was more reliable and allowed quan-
titative data analysis.

7.5 Research Results Appearance of Solution (Color). Table
6 shows the results from the color of solution analyses. All
closures met the supplier’s test-specific Type criteria when
they were evaluated according to either the Ph. Eur. 3.2.9
procedure or the proposed USP h381i procedure.

8. Acidity or Alkalinity

8.1 Comments. Comments regarding the Acidity and Alkali-
nity test focused on the need to change the text to make it more
user friendly and less subject to misinterpretation. For exam-
ple, respondents said this section should clarify that only one
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titration process should be conducted, and the titration should
be based on the initial color of the Solution S plus Bromothy-
mol Blue Solution mixture. Some commenters stated that pH
titration tests require a blank titration according to USP Titri-
metry h541i and requested a statement to this effect.

8.2 Response. PPI EC agreed to change the text to improve
clarity and added a blank correction step as recommended in
h541i. The EC also added a ‘‘Requirements’’ statement to all
h381i tests in order to clearly define the acceptance criteria.

8.3 Research Results. Table 7 shows the results from the Acid-
ity and Alkalinity tests performed at WAL. The closure manu-
facturers stated that all samples should pass this test. All
closures passed, with the exception of Closure 8 when tested
by Analyst 1 according to Ph. Eur. 3.2.9. PPI EC asked Ana-
lyst 1 to repeat this test, and the repeat results passed
specifications.

9. Absorbance

9.1 Comments. Several commenters noted that the absorbance
spectrum range should be 220–360 nm rather than 200–360
nm as specified in PF 30(1) 2004. Commenters also suggested
that the absorbance readings should be performed using the
blank in the reference beam and that analysts should filter
Solution S only if they observe turbidity.

9.2 Response. In the final text PPI EC corrected the error in the
spectrum range that appeared in PF 30(1) 2004 and also
agreed to the use of the blank rather than water. Because visual
interpretation of turbidity yields results that are highly vari-
able, the EC elected not to include a statement permitting fil-
tration of Solution S only if it is visibly turbid. In order to
further harmonize with Ph. Eur. 3.2.9 Absorbance text, PPI
EC included instructions that ‘‘if dilution of the filtrate is re-
quired prior to measurement of the absorbance, correct the test
results for the dilution.’’

9.3 Research Results. Table 8 shows the Absorbance test re-
sults. In every case the WAL Type classification results con-
formed exactly to the test-specific Type classifications that
the manufacturers provided. Importantly, the absorbance read-
ings for all these blinded closure samples tested according to
the Ph. Eur. 3.2.9 procedure closely matched the data gener-
ated according to proposed USP h381i procedure, as well as
the supplier’s data. (Closure 8 data generated by Analyst 1 for
other tests demonstrated apparent discrepancies. To ensure
that Closure 8 absorbance readings generated by Analyst 1
were reliable, the EC requested that Analyst 1 repeat this test.
Both Closure 8 absorbance data sets generated by Analyst 1
yielded similar results.)

10. Reducing Substances

10.1 Comments.Most respondents suggested modifications to
ensure a closer match to Ph. Eur.: 1) Impose a 4-hour limit
from the time of Solution S preparation to the performance
of the test; 2) change the directions for solution cooling from

‘‘cool rapidly to room temperature’’ to simply ‘‘cool’’; and 3)
describe the blank titration step more clearly in order to avoid
error.

10.2 Response. PPI EC agreed with all comments and made
changes accordingly. In addition, the USP procedure was
changed to duplicate the Ph. Eur. procedure that requires the
use of 0.01 M sodium thiosulfate rather than 0.01 M sodium
thiosulfate VS. This change was made to prevent confusion
because the current USP sodium thiosulfate VS solution is a
0.1 N buffered formulation.

10.3 Research Results. Table 9 presents the Reducing Sub-
stances test results. As observed in some other tests, the data
generated at WAL according to either Ph. Eur. 3.2.9 or the pro-
posed USP h381i consistently predicted the suppliers’ test-
specific classification for those Type I closures with the lowest
apparent extraction profiles (Closures 1, 3, 4, 5, 6, 7, 10, and
11). Within this group of closures, manufacturer-supplied data
predicted Closures 1 and 11 would exhibit the greatest titration
volume difference. This relative ranking was similar to the
data generated by WAL.

The supplier of Closure 9 claimed that it conformed to Type
I for this test, although the supplier’s titration volume differ-
ence was notably close to the specification limit. WAL data
also indicated that the titration volumes approached and in
one case exceeded the Type I limit (Analyst 2, USP method).

The manufacturers certified that Closures 2 and 12 con-
formed to Type II for this test, but the WAL data consistently
supported a Type I classification for both closures, although
titration volumes approached the Type I limit.

The supplier specified that Closure 8 was a Type II closure
for this test. The WAL data also supported a Type II classifica-
tion (according to both USP and Ph. Eur.), although the initial
analysis by Analyst 1 supported a Type I classification (even
though the data approached the Type I limit).

The supplier of Closure 13 specified that it met Type I spe-
cifications for this test. WAL data reflected both Type II (USP/
Ph. Eur. Analyst 1) and Type I (USPAnalyst 2) classifications.
But WAL analysts recorded titration volume differences that
were not remarkably different from the supplier’s anticipated
volume.

Overall the WAL data generated according to the USP Re-
ducing Substances h381i test were comparable to the intrala-
boratory results obtained according to Ph. Eur. 3.2.9.

11. Heavy Metals

11.1 Comments. Several respondents noted that the proposed
USP Heavy Metals—Method I h231i test does not duplicate
the Ph. Eur. Heavy Metals Method A 2.4.8 test. Respondents
suggested that if the compendial procedures remain different,
USP should conduct a detailed comparison of the two proce-
dures. Otherwise, they requested, USP should incorporate the
Ph. Eur.method in its entirety. Finally, one suggested thatUSP
allow the user to follow either the USP h231i or the Ph. Eur.
2.4.8 test.

11.2 Response. PPI EC understands that the two compendial
Heavy Metals tests are noticeably different, which can at times
be challenging for industry. However, simply copying the Ph.
Eur. Heavy Metals test with all its cross-referenced standards,
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etc. into USP is unworkable because future revisions to these
Ph. Eur. references would immediately negate harmonization.
Further, USP h231i is being considered for future revisions, so
conducting an exhaustive method comparison of the current
USP vs. the current Ph. Eur. to demonstrate equivalence
would be both time consuming and counterproductive. At pre-
sentUSP requires users to conduct a uniqueHeavy Metals test.

PPI EC decided to add to the procedure a statement explain-
ing that analysts should prepare the Test Preparation for USP
Heavy Metals—Method I h231i using 10.0 mL of Solution S.
The USP Research Study showed that without this clarifica-
tion analysts could easily make mistakes when they prepared
the Test Preparation.

11.3 Research Results. Table 10 presents the Heavy Metals
test results. All manufacturers’ certifications simply stated that
the closures should pass either the USP or Ph. Eur. Heavy Me-
tals specifications but did not supply detailed data. All sample
populations tested at WAL passed the specification criteria
from both compendia.

12. Extractable Zinc

12.1 Comments. Commenters pointed out that USP text that
appeared in PF 30(1) 2004 included the redundant addition
of 0.5 mL of 0.1 N HCl for Test Solution preparation. They
also pointed out that the text did not supply any specific direc-
tions regarding the preparation of a blank. Respondents sug-
gested that the Zinc Standard Solution should be prepared to a
final concentration that conforms to Ph. Eur. because other-
wise the final limits would be affected. They pointed out that
the zinc emission wavelength specified in the PF text was in
error (it should be 213.9 nm, not 213.8 nm). Commenters sug-
gested that the specification should be reworded so that it more
closely reflects wording of Ph. Eur. (‘‘maximum of 5 mg of
extractable Zn per milliliter of Solution S’’). They also pointed
out that the USP procedure requires that the Test Solution be
compared directly to the Reference Solution, which differs
from Ph. Eur. and specifically requires the creation of a cali-
bration curve. Finally, they requested that inductively coupled
plasma (ICP) be allowed as an alternative analytical tool.

12.2 Response. PPI EC agreed to make the necessary changes
regarding the preparation of the Test Solution and the blank
and to incorporate the corrections to the Zinc Standard Solu-
tion and the zinc emission wavelength. During the USP re-
search study PPI EC became aware that the USP text as it
appeared in PF 30(1) 2004 was difficult to follow. The EC also
acknowledged that use of a calibration curve as specified by
Ph. Eur. is a preferable procedure compared to the draft PF
approach. Therefore the EC reworded the text of this test
and the specification using a format similar to that of Ph.
Eur. 3.2.9 and incorporated additional text that is similar to
that of Ph. Eur.Atomic Absorption Spectrophotometry—Meth-
od I 2.2.23. Finally, PPI EC added use of ICP as an alternative
analytical tool.

12.3 Research Results. Table 11 presents the Extractable Zinc
test results. All manufacturers’ certifications stated, without
supplying detailed data, that the closures should pass the
USP and Ph. Eur. specification of no more than 5 ppm extrac-

table zinc for Solution S. All sample populations tested at
WAL passed the USP and Ph. Eur. compendial specification
limit.

13. Ammonium

13.1 Comments. Commenters pointed out that the concentra-
tions of sodium hydroxide solution and alkaline mercuric po-
tassium iodide in USP differ from those in Ph. Eur. They also
noted that the wording used for solution preparation and test
procedures sometimes was difficult to follow.

13.2 Response. PPI EC agreed to reword and reorganize this
test, which now includes subsections that explain the prepara-
tion of the Test Solution, the Alkaline Potassium Tetraiodo-
mercurate Solution, and the Ammonium Standard Solution.
The EC intends that the preparation of these solutions and
the test itself should parallel Ph. Eur. Ammonium 2.4.1.

13.3 Research Results. Table 12 shows the results of the Am-
monium test performed at WAL. The manufacturers certify
that all closure samples meet USP and Ph. Eur. specifications,
which the test results confirm.

14. Total Solids

14.1 Comments. Commenters strongly recommended that this
test be eliminated because current elastomeric formulations
are much cleaner than those in the past and yield very low total
solids results that are lower than the error associated with the
test procedure itself. To support this argument, commenters
provided data showing that USP tests for Opalescence, Redu-
cing Substances, and Absorbance are more sensitive indicators
of closure quality.

14.2 Response. PPI EC agreed to eliminate the Total Solids
test.

15. Volatile Sulfides

15.1 Comments. Commenters made recommendations to
modify the wording of this test in various ways, all of which
generally moved away from traditional USP style and toward
a format similar to that of Ph. Eur. Respondents also suggested
that the surface area of the closures should match Ph. Eur. spe-
cifications exactly, including tolerances. Finally, one commen-
ter recommended adding time constraints to the heating and
exhaust portions of the autoclave cycle.

15.2 Response. PPI EC agreed to modify the wording gener-
ally in accordance with Ph. Eur. 3.2.9. The EC also revised the
closure surface area as recommended to 20 � 2 cm2. The EC
declined to add restrictions to the autoclave cycle and thus
concurs with the cycle described in Ph. Eur. 3.2.9.

15.3 Research Results. Table 13 contains the results from the
Volatile Sulfides test performed at WAL. All sample test results
conformed to USP/Ph. Eur. specifications in agreement with
the closure manufacturers’ certifications.
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16. USP h381i Physicochemical Tests—Conclusion

PPI EC used the physicochemical tests data generated at
WAL during the USP research study to categorize each
blinded closure sample according a final Type classification.
In doing so the EC applied the definition for ‘‘final classifica-
tion’’ as stated in the final USP h381i text: ‘‘If a closure fails to
meet one or more of the Type I test requirements but still meets
the Type II requirements for the test(s), assign the closure a
final classification of Type II.’’ Table 13 compares the final
Type classifications according to WAL data and the supplier’s
final classifications for each sample. The data sets according to
bothUSP h381i and Ph. Eur. 3.2.9 correctly identified all Type
I closures. The data sets correctly identified all Type II clo-
sures, with the exception of one Ph. Eur. Acidity and Alkalinity
Test 3.2.9 data point for Closure 8. The supplier of Closure 12
noted that it was likely to fail Type II classification. However,
the sample met Type II specifications when tested either ac-
cording to Ph. Eur. 3.2.9 or USP h381i.

17. Functionality Tests

17.1 Comments. Several commenters recommended adding a
requirement that closures be pretreated according to Ph. Eur.
before functionality evaluation. The PF 30(1) 2004 text in-
cluded a recommendation that analysts may perform addi-
tional functionality tests using needles that reflect actual
conditions of product package use. Commenters generally
agreed with this recommendation but expressed concerns that
this procedure is different from that of Ph. Eur. and that the
intent of this recommendation may not be clear. One respon-
dent submitted an entirely new set of functionality tests that
were designed to be more product/package specific.

17.2 Response. PPI EC agreed to state that closures should be
pretreated as described for Solution S preparation and air dried
before use. The EC agreed to remove the recommendation to
consider other actual product/package needle combinations
and, for the sake of standardization, to refer only to ISO stan-
dard 21-gauge needles. The EC agreed not to modify the func-
tionality tests to make them more product specific. Instead the
EC decided that the tests will remain identical to the Ph. Eur.
3.2.9 tests.

18. Penetrability

18.1 Comments. A few recommendations addressed Pene-
trability, including a suggestion to eliminate redundant text
describing the needles to be used and to clarify that a new nee-
dle should be used for each closure.

18.2 Response. PPI EC adopted the suggestions.

19. Fragmentation

19.1 Comments. The Fragmentation test described in PF 30(1)
2004 included an aqueous test for Type I closures and a se-
same oil test for Type II closures. All comments about the
Fragmentation test referred in some way to this water vs. oil
approach to testing closures. Commenters recommended that
the text be made the same as that in Ph. Eur., i.e., that closures
intended for liquid preparations should be fitted onto vials
containing water and that closures intended for dry prepara-
tions should be fitted onto empty vials.

19.2 Response. PPI EC agreed to change the text of this test to
match Ph. Eur. 3.2.9.

20. Self-sealing Capacity

20.1 Comments. The PF 30(1) 2004 version of this test in-
cluded a 0.5% methylene blue solution. Several commenters
recommended that the dye concentration be 0.1% as is the case
in Ph. Eur.

20.2 Response. PPI EC agreed to require the use of a 0.1%
methylene blue dye.
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Table 1. Closure Test Sample Descriptions

Closure sample types 13 variations

Elastomers Butyl, bromobutyl, styrene butadiene, EPDM, blend, others not specified
Closure sizes 8, 13, 20, 28, 32 mm
Closure surface areas1 Ranging from 4.6 to 30.6 cm2

Closure styles Plug, lyophilization, spike, syringe plunger
Closure colors Red, light to dark gray, black
Closure coatings Not applicable

Meets Type I final classification 8 samples (total)

6 samples according to Ph. Eur. 3.2.9

2 samples according to USP h381i in PF 30(1) 2004

Meets Type II final classification 4 samples (total)

3 samples2 according to Ph. Eur. 3.2.9

1 sample according to USP h381i in PF 30(1)
2004

Fails Type II final classification 1 sample (total)

1 sample according to Ph. Eur. 3.2.9
1 Surface areas were determined by the suppliers.
2 One sample may not meet Type II according to the supplier.

Table 2. USP Closure Research Study Tests Performed

USP h381i1 Ph. Eur. 3.2.9

Appearance of Solution, Turbidity (Opalescence) Procedure A Appearance of Solution, Turbidity
Appearance of Solution, Turbidity (Opalescence) Procedure B n/a2

Appearance of Solution, Determination of Color Appearance of Solution, Color
Acidity or Alkalinity Acidity or Alkalinity
Absorbance Absorbance
Reducing Substances Reducing Substances
Heavy Metals Extractable Heavy Metals
Extractable Zinc Extractable Zinc
Ammonium Ammonium
Volatile Sulfides Volatile Sulphides
1 USP h381i tests were performed as described in PF 30(1) 2004 with changes incorporated according to comments received.
2 The current Ph. Eur. Appearance of Solution, Turbidity 3.2.9 test utilizing the instrumental turbidimetry method of Ph. Eur.
2.2.1 was not part of Ph. Eur. at the time the study was performed (n/a).
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Table 3. Name of USP h381i Test—EXAMPLE ONLY

Specification

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I I
3 I I
4 I I
6 I I
7 I I
10 I I
5 IUSP1 IUSP
11 IUSP IUSP
2 II I
8 II II
9 IIUSP IIUSP
13 IIUSP2 IUSP
12 Fail II Fail II

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 Closure manufacturer stated Closure 13 is borderline Type II (some lots may fail).

TERMINOLOGY

Row 1—Specification. Limits of Specification according
to USP h381i final text.
Column 1—Closure Random Identification Number. The
random identification code generated by PPI EC to blind
the test sample population.
Column 2—Final Type Classification. The final classifi-
cation (Type I or Type II) of the closure sample according
to the closure manufacturer’s test results. (Note: If a clo-
sure fails to meet one or more of the Type I test require-
ments but still meets the Type II requirements for the
test(s), then the closure merits a final classification of
Type II.)
Column 3—Test Specific Classification. The classifica-
tion (Type I or Type II) applies only for the specific test
shown according to the closure manufacturer. For several

tests, typical data supplied by the closure manufacturer
also may be included in this column (e.g., refer to Table
7, Acidity and Alkalinity).
Column 4—Ph. Eur. Analyst 1. These are data generated
by WAL’s Analyst 1 according to Ph. Eur. 3.2.9.
Column 5—USP Analyst 1. These are data generated by
WAL’s Analyst 1 according to USP h381i PF 30(1) 2004
with some modifications according to comments re-
ceived.
Column 6—USP Analyst 2. These are data generated by
WAL’s Analyst 2 according to USP h381i PF 30(1) 2004
with some modifications according to comments re-
ceived.
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Table 4. Appearance of Solution (Turbidity/Opalescence)—Procedure A (Visual)

Specification Type I no more opalescent than Reference Suspension B (6 NTU)
Type II no more opalescent than Reference Suspension C (18 NTU)

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I I I I I
3 I I I I I
4 I I I I I
6 I I I I I
7 I I I I I
10 I I I I I
5 IUSP1 IUSP I I I
11 IUSP IUSP I I I
2 II I I I I
8 II II I, I I, II II
9 IIUSP IIUSP I I I
13 IIUSP2 IUSP I II I
12 Fail II Fail II I II I

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).

Table 5. Appearance of Solution (Turbidity/Opalescence)—Procedure B (Instrumental)

Specification Type I no more opalescent than Reference Suspension B (6 NTU)
Type II no more opalescent than Reference Suspension C (18 NTU)

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information WAL Test Results (NTU)

Final Type
Classifica-

tion1

Test-Specific
Classification

(NTU)3

Ph. Eur.
Analyst 14

USP
Analyst 1

USP
Analyst 2

1 I n/a n/a I
(0.5)

I
(0.1)

3 I n/a n/a I
(0.3)

I
(0.2)

4 I n/a n/a I
(0.3)

I
(0.0)

6 I I
(0.1 NTU according to ISO)

n/a I
(0.1)

I
(0.1)

7 I I
(0.0 NTU according to ISO)

n/a I
(0.2)

I
(0.1)

10 I I
(0.6 NTU according to ISO)

n/a I
(0.2)

I
(0.3)

5 IUSP1 IUSP
(no NTU data supplied)

n/a I
(0.2)

I
(0.2)

11 IUSP IUSP
(no NTU data supplied)

n/a I
(0.2)

I
(0.3)

2 II n/a n/a I
(2.0)

I
(1.5)

8 II II
(<13.3 NTU according to

ISO)

n/a I (0.2)
II (9.4)

II
(7.7)

9 IIUSP IIUSP
(no NTU data supplied)

n/a II
(7.7)

II
(12.5)
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Table 5. Appearance of Solution (Turbidity/Opalescence)—Procedure B (Instrumental) (Continued)

Specification Type I no more opalescent than Reference Suspension B (6 NTU)
Type II no more opalescent than Reference Suspension C (18 NTU)

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information WAL Test Results (NTU)

Final Type
Classifica-

tion1

Test-Specific
Classification

(NTU)3

Ph. Eur.
Analyst 14

USP
Analyst 1

USP
Analyst 2

13 IIUSP2 IUSP
(no NTU data supplied)

n/a I
(0.4)

I
(0.3)

12 Fail II n/a n/a II
(6.2)

II
(6.2)

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ final Type classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).
3 Turbidity data are provided in NTU units. Instrumental turbidity tests were performed by suppliers either according to ISO 8871-
1:2003(E), or according to USP h381i PF 30(1) 2004, as indicated. Otherwise, no instrumental data were provided (n/a).
4 Not applicable. No Ph. Eur. instrumental method was in place at the time of this study. Refer to Table 4 for visual test Type
classifications.

Table 6. Appearance of Solution (Color)

Specification Solution S is not more intensely colored than Color Standard

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I Pass Pass Pass Pass
3 I Pass Pass Pass Pass
4 I Pass Pass Pass Pass
6 I Pass Pass Pass Pass
7 I Pass Pass Pass Pass
10 I Pass Pass Pass Pass
5 IUSP1 PassUSP Pass Pass Pass
11 IUSP PassUSP Pass Pass Pass
2 II Pass Pass Pass Pass
8 II Pass Pass Pass Pass
9 IIUSP PassUSP Pass Pass Pass
13 IIUSP2 PassUSP Pass Pass Pass
12 Fail II Pass Pass Pass Pass

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).
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Table 7. Acidity or Alkalinity

Specification Not more than 0.3 mL 0.01 N NaOH
Not more than 0.8 mL 0.01 N HCl

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I Pass
(0.0 mL)

Pass
(0.7 mL acid)

Pass
(0.1mL base)

Pass
(0.1mL base)

3 I Pass
(0.04 mL base)

Pass
(0.5 mL acid)

Pass
(0.1 mL base)

Pass
(0.0 mL)

4 I Pass
(0.04 mL base)

Pass
(0.4 mL acid)

Pass
(0.1 mL base)

Pass
(0.1 mL base)

6 I Pass
(0.03 mL base)

Pass
(0.8 mL acid)

Pass
(0.2 mL base)

Pass
(0.1 mL base)

7 I Pass
(0.0 mL)

Pass
(0.7 mL acid)

Pass
(0.2 mL base

Pass
(0.1 mL base)

10 I Pass
(0.03 mL base)

Pass
(0.7 mL acid)

Pass
(0.3 mL base)

Pass
(0.0 mL)

5 IUSP1 PassUSP
(0.05 mL base)

Pass
(0.8 mL acid)

Pass
(0.1 mL base)

Pass
(0.3 mL acid

11 IUSP PassUSP
(0.05 mL base

Pass
(0.7 mL acid)

Pass
(0.1 mL base

Pass
(0.05 mL base)

2 II Pass
(0.10 acid)

Pass
(0.8 mL acid)

Pass
(0.0 mL)

Pass
(0.1 mL base)

8 II Pass
(0.3 mL base)

Fail
(1.1 mL acid)

Pass
(0.1 mL base)

Pass
(0.2 mL base)

Pass
(0.6 mL acid)

Pass
(0.2 mL base)

9 IIUSP PassUSP
(0.68 mL acid)

Pass
(0.75 mL acid)

Pass
(0.1 mL base)

Pass
(0.0 mL)

13 IIUSP2 PassUSP
(0.06 mL base)

Pass
(0.7 mL acid)

Pass
(0.2 mL base)

Pass
(0.1 mL base

12 Fail II Pass
(0.1 mL base)

Pass
(0.8 mL acid)

Pass
(0.1 mL acid)

Pass
(0.0 mL)

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).
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Table 8. Absorbance

Specification Absorbance no more than 0.2 for Type I
Absorbance no more than 4.0 for Type II

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I I
(0.00)

I
(0.05)

I
(0.00)

I
(0.05)

3 I I
(�0.2)

I
(0.03)

I
(0.05)

I
(0.03)

4 I I
(�0.2)

I
(0.02)

I
(0.00)

I
(0.00)

6 I I
(0.01)

I
(0.00)

I
(0.00)

I
(0.02)

7 I I
(0.00)

I
(0.00)

I
(0.01)

I
(0.00)

10 I I
(0.01)

I
(0.01)

I
(0.01)

I
(0.13)

5 IUSP1 IUSP
(0.02)

I
(0.00)

I
(0.01)

I
(0.02)

11 IUSP IUSP
(0.13)

I
(0.08)

I
(0.08)

I
(0.06)

2 II II
(1.3)

II
(0.67)

II
(0.50)

II
(0.60)

8 II II
(1.9)

II (0.55)
II (1.4)

II (1.8)
II (1.5)

II
(1.5)

9 IUSP IIUSP
(2.8)

II
(1.2)

II
(1.9)

II
(1.8)

13 IUSP2 IIUSP
(0.52)

II
(0.53)

II
(0.55)

II
(0.47)

12 Fail II II
(0.30)

II
(0.22)

I
(0.20)

I
(0.19)

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).
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Table 9. Reducing Substances

Specification The difference between titration volumes is not greater than 3.0 mL for Type I
The difference between titration volumes is not greater than 7.0 mL for Type II

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1

WAL Test Results
(mL)

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I I
(1.0)

I
(0.5)

I
(0.8)

I
(0.8)

3 I I
(0.1)

I
(0.1)

I
(0.0)

I
(0.1)

4 I I
(0.1)

I
(0.1)

I
(0.1)

I
(0.0)

6 I I
(0.05)

I
(0.0)

I
(0.0)

I
(0.4)

7 I I
(0.5)

I
(0.2)

I
(0.0)

I
(0.0)

10 I I
(0.1)

I
(0.2)

I
(1.0)

I
(0.2)

5 IUSP1 IUSP
(0.07)

I
(0.1)

I
(0.0)

I
(0.5)

11 IUSP IUSP
(0.9)

I
(1.2)

I
(1.0)

I
(1.0)

2 II II
(4.2)

I
(2.0)

I
(2.1)

I
(2.5)

8 II II
(5.4)

I (2.2)
II (3.3)

I (2.0)
II (3.5)

II
(3.3)

9 IIUSP IUSP
(2.8)

I
(2.3)

I
(2.2)

II
(4.7)

13 IIUSP2 IUSP
(1.8)

II
(3.2)

II
(3.5)

I
(1.2)

12 Fail II II
(5.6)

I
(3.0)

I
(2.6)

I
(2.3)

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).
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Table 10. Heavy Metals

Specification Solution S contains not more than 2 ppm heavy metals as Pb

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I Pass Pass Pass Pass
3 I Pass Pass Pass Pass
4 I Pass Pass Pass Pass
6 I Pass Pass Pass Pass
7 I Pass Pass Pass Pass
10 I Pass Pass Pass Pass
5 IUSP1 PassUSP Pass Pass Pass
11 IUSP PassUSP Pass Pass Pass
2 II Pass Pass Pass Pass
8 II Pass Pass Pass Pass
9 IUSP PassUSP Pass Pass Pass
13 IIUSP2 PassUSP Pass Pass Pass
12 Fail II Pass Pass Pass Pass

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).

Table 11. Extractable Zinc

Specification Solution S contains not more than 5 ppm Zn

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I Pass Pass Pass Pass
3 I Pass Pass Pass Pass
4 I Pass Pass Pass Pass
6 I Pass Pass Pass Pass
7 I Pass Pass Pass Pass
10 I Pass Pass Pass Pass
5 IUSP1 PassUSP Pass Pass Pass
11 IUSP PassUSP Pass Pass Pass
2 II Pass Pass Pass Pass
8 II Pass Pass Pass Pass
9 IUSP PassUSP Pass Pass Pass
13 IIUSP2 PassUSP Pass Pass Pass
12 Fail II Pass Pass Pass Pass

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).
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Table 12. Ammonium

Specification After 5 min, any yellow color in the Test Solution is no darker than the Ammonium Standard Solution (no
more than 2 ppm NH4 in Solution S)

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I Pass Pass Pass Pass
3 I Pass Pass Pass Pass
4 I Pass Pass Pass Pass
6 I Pass Pass Pass Pass
7 I Pass Pass Pass Pass
10 I Pass Pass Pass Pass
5 IUSP1 PassUSP Pass Pass Pass
11 IUSP PassUSP Pass Pass Pass
2 II Pass Pass Pass Pass
8 II Pass Pass Pass Pass
9 IIUSP PassUSP Pass Pass Pass
13 IIUSP2 PassUSP Pass Pass Pass
12 Fail II Pass Pass Pass Pass

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).

Table 13. Volatile Sulfides

Specification Any black stain on the paper produced by Solution S is not more intense than that produced by the
control solution.

Closure
Random

Identification
Number

Closure Manufacturer–Supplied
Information1 WAL Test Results

Final Type
Classification

Test-Specific
Classification

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I Pass Pass Pass Pass
3 I Pass Pass Pass Pass
4 I Pass Pass Pass Pass
6 I Pass Pass Pass Pass
7 I Pass Pass Pass Pass
10 I Pass Pass Pass Pass
5 IUSP1 PassUSP Pass Pass Pass
11 IUSP PassUSP Pass Pass Pass
2 II Pass Pass Pass Pass
8 II Pass Pass Pass Pass
9 IIUSP PassUSP Pass Pass Pass
13 IIUSP2 PassUSP Pass Pass Pass
12 Fail II Pass Pass Pass Pass

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).
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Table 14. Final Elastomeric Closure Classification Comparison

Closure
Random

Identification
Number

Closure Manufacturer’s
Final Type Classification1

USP Research Study Final Type Classification Results

Ph. Eur.
Analyst 1

USP
Analyst 1

USP
Analyst 2

1 I I I I
3 I I I I
4 I I I I
6 I I I I
7 I I I I
10 I I I I
5 IUSP1 I I I
11 IUSP I I I
2 II II II II
8 II II3 II II
9 IIUSP II II II
13 IIUSP2 II II II
12 Fail II II II II

1 Subscript USP (e.g., Closure 5) indicates that the closure supplier’s classification was based on USP h381i tests performed
according to PF 30(1) 2004. Otherwise, all suppliers’ classifications are based on Ph. Eur. 3.2.9 tests and criteria.
2 The closure manufacturer stated that Closure 13 is borderline Type II (some lots may fail).
3 Closure 8 failed the acidity/alkalinity test for 1 of 2 replicate tests performed (refer to Table 7).

APPENDIX

USP Elastomeric Closures for Injection h381i

Final Text as It Will Appear in USP 31, 1st Supplement
Scheduled to become official 1 August 2008

INTRODUCTION
Elastomeric closures for containers used in the types of

preparations defined in General Chapter Injections h1i are
made of materials obtained by vulcanization (cross-linking)
polymerization, polyaddition, or polycondensation of macro-
molecular organic substances (elastomers). Closure formula-
tions contain natural or synthetic elastomers and inorganic
and organic additives to aid or control vulcanization, impart
physical and chemical properties or color, or stabilize the clo-
sure formulation.

This General Chapter applies to closures formulated with
natural or synthetic elastomeric substances. This chapter does
not apply to closures made from silicone elastomer, but it does
apply to closures treated with silicone (e.g., dimethicone, NF).
The tests described in the present chapter do not require that
closures be treated with silicone, although the procedures
herein do not prohibit the use of siliconized closures.

The following comments relate solely to laminated or
coated closures [e.g., polytetrafluoroethylene (PTFE) or lac-
quer coatings]. All Physicochemical Tests apply to the base
elastomer of such closures. To obtain Elastomeric Closures
for Injections Physicochemical Tests h381i results, analysts
may perform the tests on uncoated or nonlaminated closures
of the base elastomeric compound. The Functionality Tests ap-
ply to and should be performed using the entire laminated or
coated elastomeric closure.

Biological Tests. Analysts may perform Biological Tests on
the coating separately from the base elastomer or on the coated
closure itself. For all Elastomeric Closures for Injections
h381i tests performed on any closure type, analysts should
document the closure under test, including a full description
of the elastomer and any lubrication, coating, laminations, or
treatments applied.

This chapter states test limits for Type I and Type II elasto-
meric closures. Type I closures are those used for aqueous pre-
parations. Type II closures typically are intended for
nonaqueous preparations. Type II closures are those that, be-
cause they have properties optimized for special uses, may not
meet all requirements listed for Type I closures due to physical
configuration, material of construction, or both. If a closure
fails to meet one or more of the Type I test requirements but
still meets the Type II requirements for the test(s), assign the
closure a final classification of Type II.

This chapter is intended as an initial screen to identify elas-
tomeric closures that on the basis of their biological compat-
ibility, their aqueous extract physicochemical properties, and
their functionality may be appropriate for use with injectable
preparations. All elastomeric closures suitable for use with in-
jectable preparations comply with either Type I or Type II test
limits. However, this specification is not intended to serve as
the sole evaluation criterion for the selection of such closures.

The following closure evaluation requirements are beyond
the scope of this General Chapter:
— The establishment of closure identification tests and spe-

cifications
— The verification of closure–product physicochemical

compatibility
— The identification and safety determination of closure

leachables found in the packaged product
— The verification of packaged product closure functionality

under actual storage and use conditions.
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The manufacturer of the injectable product (the end user)
must obtain from the closure supplier an assurance that the
composition of the closure does not vary and that it is the same
as that of the closure used during compatibility testing. When
the supplier informs the end user of changes in the composi-
tion, the latter must repeat compatibility testing, totally or
partly, depending on the nature of the changes. Closures must
be properly stored, cleaned for removal of environmental con-
taminants and endotoxins, and sterilized prior to use in pack-
aging injectable products.

Characteristics

Elastomeric closures are translucent or opaque and have no
characteristic color (color depends on the additives used).
They are homogeneous and practically free from flash and ad-
ventitious materials (e.g., fibers, foreign particles, and waste
rubber.)

Identification

Vendors make closures from a wide variety of elastomeric
materials and optional polymeric coatings. For this reason the
present chapter does not attempt to specify identification tests
that encompass all possible closure presentations. However,
the closure supplier and the injectable product manufacturer
(the end user) are responsible for verifying the closure elasto-
meric formulation and any coating or laminate materials used
according to suitable identification tests. Examples of some of
the analytical test methodologies that may be used include
specific gravity, % ash analysis, sulfur content determination,
Fourier Transform infrared spectrophotometry–attenuated to-
tal reflectance testing, thin-layer chromatography of an ex-
tract, ultraviolet absorption spectrophotometry of an extract,
or infrared absorption spectrophotometry of a pyrolysate.

Test Procedures

Elastomeric closures shall conform to biological, physico-
chemical, and functionality requirements both as they are
shipped by the closure supplier to the injectable product man-
ufacturer (the end user) and in their final ready-to-use state by
the end user.

For elastomeric closures that are processed by the supplier
prior to distribution to the end user, the supplier shall demon-
strate compendial conformance of closures exposed to such
processing and/or sterilization steps. Similarly, if elastomeric
closures received by the end user are subsequently processed
or sterilized, the end user is responsible for demonstrating the
continued conformance of closures to compendial require-
ments after such processing and/or sterilization (in other
words, in their ready-to-use state). Careful attention to clo-
sures’ continuing conformity is especially important if clo-
sures will be exposed to processes or conditions that may
significantly influence their biological, physicochemical, or
functionality characteristics (e.g., gamma irradiation).

For closures that normally are lubricated (e.g., siliconized)
prior to use, analysts can perform physicochemical testing on
nonlubricated closures in order to avoid potentially confound-
ing variables introduced by lubricants, which may lead to in-
terference with the procedure and/or difficulties in interpreting
test results.

For laminated or coated closures (e.g., PTFE or lacquer
coatings), physicochemical compendial tests apply to the non-
coated base elastomer. In this case, suppliers are responsible
for demonstrating physicochemical compendial compliance
of the noncoated closure processed or treated in a manner si-
mulating conditions that are followed for coated closures be-
fore shipment to the end user. End users of coated closures also
are responsible for demonstrating the continued physicochem-
ical compendial conformance of the base, uncoated elastomer
following processing or sterilization in a manner that simulates
the end-user’s actual use conditions for the coated closures.

In all cases, document all conditions of closure processing,
pretreatment, sterilization, or lubrication when reporting test
results.

Biological Tests

Two stages of testing are indicated: The first stage is perfor-
mance of the in vitro test procedure described in General
Chapter Biological Reactivity Tests, In Vitro h87i. Materials
that do not meet the requirements of the in vitro test move
to the second stage of testing, which includes the in vivo tests
Systemic Injection Test and Intracutaneous Test set forth in
General Chapter Biological Reactivity Tests, In Vivo h88i. Ma-
terials that meet the requirements of the in vitro test do not re-
quire in vivo testing.

Type I and Type II closures must conform to the require-
ments of either the in vitro or the in vivo biological reactivity
tests. [NOTE—Also see General Information Chapter The Bio-
compatibility of Material Used in Drug Containers, Medical
Devices, and Implants h1031i.]

Physicochemical Tests

Preparation of Solution S—Place whole, uncut closures
corresponding to a surface area of 100� 10 cm2 into a suitable
glass container. Cover the closures with 200 mL of Purified
Water or Water for Injection. If the use of uncut closures will
not achieve the prescribed closure surface area (100 � 10
cm2), select the number of closures that will most closely ap-
proximate 100 cm2, and adjust the volume of water used to the
equivalent of 2 mL per each 1 cm2 of actual closure surface
area used. Boil for 5 minutes, and rinse five times with cold
Purified Water or Water for Injection.

Place the washed closures into a Type I glass wide-necked
flask (see Containers h661i), add a quantity of Purified Water
or Water for Injection equivalent to that which was initially
added to the closures, and weigh. Cover the mouth of the flask
with a Type I glass beaker. Heat in an autoclave so that a tem-
perature of 121 � 28 is reached within 20 to 30 minutes, and
maintain this temperature for 30 minutes. Cool to room tem-
perature over a period of about 30 minutes. Add Purified
Water orWater for Injection to bring it up to the original mass.
Shake, and immediately decant and collect the solution.
[NOTE—This solution must be shaken before being used in
each of the tests.]

Preparation of Blank—Prepare a blank solution similarly,
using 200 mL of Purified Water or Water for Injection, omit-
ting the closures.
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Appearance of Solution (Turbidity/Opalescence and
Color)—

Determination of Turbidity (Opalescence)—[NOTE—Deter-
mine by visual comparison (Procedure A), or instrumentally
using a suitable ratio turbidimeter (Procedure B)]. For a dis-
cussion of turbidimetry, see Spectrophotometry and Light-
Scattering h851i. Instrumental assessment of clarity provides
a more discriminatory test that does not depend on the visual
acuity of the analyst.

Hydrazine sulfate solution—Dissolve 1.0 g of hydrazine
sulfate in water and dilute to 100.0 mL with water. Allow to
stand for 4 to 6 hours.

Hexamethylenetetramine solution—Dissolve 2.5 g of hex-
methylenetetramine in 25.0 mL of water in a 100 mL glass-
stoppered flask.

Opalescence Stock Suspension—Add 25.0 mL of hydrazine
sulfate solution to the hexamethylenetetramine solution in the
flask. Mix and allow to stand for 24 hours. This suspension is
stable for 2 months, provided it is stored in a glass container
that is free from surface defects. The suspension must not ad-
here to the glass and must be well mixed before use.

Opalescence Standard Suspension—Prepare a suspension
by diluting 15.0 mL of theOpalescence Stock Suspensionwith
water to 1000.0 mL. Opalescence Standard Suspension is
stable for about 24 hours after preparation.

Reference Suspensions—Prepare the Reference Suspensions
according to Table 1. Mix and shake before use. [NOTE—Sta-
bilized formazin suspensions that can be used to prepare
stable, diluted turbidity standards are available commercially
and may be used after comparison with the standards prepared
as described. ]

Table 1. Preparation of Reference Suspensions

Suspension A Suspension B Suspension C Suspension D

Standard of
Opalescence

5.0 mL 10.0 mL 30.0 mL 50.0 mL

Water 95.0 mL 90.0 mL 70.0 mL 50.0 mL
Nephelometric

Turbidity Units
(NTUs)

3 NTU 6 NTU 18 NTU 30 NTU

Procedure A: Visual Comparison—Use identical test tubes
made of colorless, transparent, neutral glass with a flat base
and an internal diameter of 15 mm to 25 mm. Fill one tube
to a depth of 40 mm with Solution S, one tube to the same
depth with water, and four others to the same depth with Ref-
erence Suspensions A, B, C, and D. Compare the solutions in
diffuse daylight 5 minutes after preparation of the reference
suspensions, viewing vertically against a black background.
The light conditions should be such that Reference Suspension
A is readily distinguishable from water and that Reference Sus-
pension B is readily distinguishable from Reference Suspen-
sion A.

Procedure A: Requirement—Solution S is not more opales-
cent than Reference Suspension B for Type I closures and not
more opalescent than Reference Suspension C for Type II clo-
sures. Solution S is considered clear if its clarity is the same as

that of water when examined as described above or if its opa-
lescence is not more pronounced than that of Reference Sus-
pension A (Table 2).

Procedure B: Instrumental Comparison—Measure the tur-
bidity of the Reference Suspensions in a suitable calibrated tur-
bidimeter (see Spectrophotometry and Light Scattering
h851i). Run the blank and correct the results. Reference Sus-
pensions A, B, C, and D represent 3, 6, 18, and 30 Nephelo-
metric turbidity units (NTU), respectively. Measure the
turbidity of Solution S using the calibrated turbidimeter.

Procedure B: Requirement—The turbidity of Solution S is
not greater than that for Reference Suspension B (6 NTU)
for Type I closures and is not greater than that for Reference
Suspension C (18 NTU) for Type II closures (Table 2).

Table 2. Opalescence Requirements

Comparison Method

Opalescence Requirements Procedure AVisual Procedure B Instrumental

Type I Closures no more opalescent that Suspension B no more than 6 NTU
Type II Closures no more opalescent than Suspension C no more than 18 NTU
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Determination of Color—
Color Standard—Prepare a Color Standard solution by di-

luting 6.0 mL of Matching Fluid O (see Color and Achromi-
city h631i) with 94.0 mL of diluted hydrochloric acid.

Procedure—Use identical test tubes made of colorless,
transparent, neutral glass with a flat base and an internal dia-
meter of 15 mm to 25 mm. Fill one tube to a depth of 40 mm
with Solution S and the second with Color Standard. Compare
the liquids in diffuse daylight, viewing vertically against a
white background.

Color Standard: Requirement—Solution S is not more in-
tensely colored than the Color Standard.

Acidity or Alkalinity—
Bromothymol Blue Solution—Dissolve 50 mg of bromothy-

mol blue in a mixture of 4 mL of 0.02 M sodium hydroxide
and 20 mL of alcohol. Dilute with water to 100 mL.

Procedure—To 20 mL of Solution S add 0.1 mL of Bro-
mothymol Blue Solution. If the solution is yellow, titrate with
0.01 N sodium hydroxide until it reaches a blue endpoint. If
the solution is blue, titrate with 0.01 N hydrochloric acid until
it reaches a yellow endpoint. If the solution is green, it is neu-
tral and does not require titration.

Blank Correction—Test 20 mL of blank similarly. Correct
the results obtained for Solution S by subtracting the volume
of titrant required for blank. (Cf. Titrimetry h541i.)

Acidity or Alkalinity: Requirement—Not more than 0.3 mL
of 0.01 N sodium hydroxide produces a blue color, or not more
than 0.8 ml of 0.01 N hydrochloric acid produces a yellow col-
or, or no titration is required.

Absorbance—
Procedure—[NOTE—Perform this test within 5 hours of pre-

paring Solution S.] Filter Solution S through a 0.45-mm pore
size filter, discarding the first few mL of filtrate. Measure
the absorbance of the filtrate at wavelengths between 220
nm and 360 nm in a 1-cm cell using the blank in a matched
cell in the reference beam. If dilution of the filtrate is required
before measurement of the absorbance, correct the test results
for the dilution.

Absorbance: Requirement—The absorbances at these wave-
lengths do not exceed 0.2 for Type I closures or 4.0 for Type II
closures.

Reducing Substances—
Procedure—[NOTE—Perform this test within 4 hours of pre-

paring Solution S.] To 20.0 mL of Solution S add 1 mL of di-
luted sulfuric acid and 20.0 mL of 0.002 M potassium
permanganate. Boil for 3 minutes. Cool. Add 1 g of potassium
iodide, and titrate immediately with 0.01 M sodium thiosulfate
using 0.25 mL of starch solution TS as the indicator. Perform a
titration using 20.0 mL of blank, and note the difference in
volume of 0.01 M sodium thiosulfate required.

Reducing Substances: Requirement—The difference be-
tween the titration volumes is not greater than 3.0 mL for Type
I closures and not greater than 7.0 mL for Type II closures.

Heavy Metals—
Procedure—Proceed as directed for Method 1 under Heavy

Metals h231i. Prepare the Test Preparation using 10.0 mL of
Solution S.

Heavy Metals: Requirement—Solution S contains not more
than 2 ppm heavy metals as lead.

Extractable Zinc—
Test Solution—Prepare a Test Solution by diluting 10.0 mL

of Solution S to 100 mL with 0.1 N hydrochloric acid. Prepare
a test blank similarly, using the blank for Solution S.

Zinc Standard Solution—Prepare a Zinc Standard Solution
(10 ppm Zn) by dissolving zinc sulfate in 0.1 N hydrochloric
acid.

Reference Solutions—Prepare not fewer than 3 Reference
Solutions by diluting the Zinc Standard Solution with 0.1 N
hydrochloric acid. The concentrations of zinc in these Refer-
ence Solutions should span the expected limit of the Test
Solution.

Procedure—Use a suitable atomic absorption spectropho-
tometer (see Spectrophotometry and Light Scattering h851i)
equipped with a zinc hollow-cathode lamp and an air–acety-
lene flame. An alternative procedure such as an appropriately
validated inductively coupled plasma (ICP) analysis is suit-
able. Test each of the Reference Solutions at the zinc emission
line 213.9 nm at least 3 times. Record the steady readings.
Rinse the apparatus with the test blank solution each time to
ensure that the reading returns to the initial blank value. Pre-
pare a calibration curve from the mean of the readings ob-
tained for each Reference Solution. Record the absorbance
of the Test Solution. Determine the Test Solution ppm zinc
concentration using the calibration curve.

Requirement—Solution S contains not more than 5 ppm of
extractable zinc.

Ammonium—
Alkaline Potassium Tetraiodomercurate Solution—Pre-

pare a 100-mL solution containing 11 g of potassium iodide
and 15 g of mercuric iodide in water. Immediately before
use mix 1 volume of this solution with an equal volume of a
250 g/L solution of sodium hydroxide.

Test Solution—Dilute 5 mL of Solution S to 14 mL with
water. Make alkaline if necessary by adding 1 N sodium hy-
droxide, and dilute to 15 mL with water. Add 0.3 mL of Alka-
line Potassium Tetraiodomercurate Solution. Close the
container.

Ammonium Standard Solution—Prepare a solution of
ammonium chloride in water (1 ppm NH4). Mix 10 mL of
the 1 ppm ammonium chloride solution with 5 mL water
and 0.3 mL of Alkaline Potassium Tetraiodomercurate Solu-
tion. Close the container.

Amonium: Requirement—After 5 minutes, any yellow
color in the Test Solution is no darker than the Ammonium
Standard Solution (no more than 2 ppm NH4 in Solution S).

Volatile Sulfides—
Procedure—Place closures, cut if necessary, with a total

surface area of 20 � 2 cm2 in a 100 mL flask, and add 50
mL of a 20 g/L citric acid solution. In the same manner and
at the same time, prepare a control solution in a separate
100 mL flask by dissolving 0.154 mg of sodium sulfide in
50 mL of a 20 g/L citric acid solution. Place a piece of lead
acetate paper over the mouth of each flask, and hold the paper
in position by placing over it an inverted weighing bottle. Heat
the flasks in an autoclave at 121 � 28 for 30 minutes.
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Volatile Sulfides: Requirement—Any black stain on the
paper produced by Solution S is not more intense than that pro-
duced by the control solution.

Functionality Tests

NOTE—Samples washed as described for preparation of
Solution S (i.e., boiled and rinsed) and subsequently air dried
are used for Functionality Tests of Penetrability, Fragmenta-
tion, and Self-sealing Capacity. Functionality Tests are appro-
priate for closures that will be pierced by a hypodermic needle.
Self-sealing Capacity is required only for closures intended for
use with multiple-dose containers. The needle specified for
each test is a lubricated long-bevel (bevel angle 12 � 28) hy-
podermic needle1 with an external diameter of 0.8 mm (21
Gauge).

Penetrability—
Procedure—Fill 10 suitable vials to the nominal volume

with water, fit the closures that will be examined, and secure
with a cap. Using a new hypodermic needle as described
above for each closure, pierce the closure with the needle per-
pendicular to the surface.

Penetrability: Requirement—The force for piercing is no
greater than 10 N (1 kgf) for each closure, determined with an
accuracy of � 0.25 N (25 gf).

Fragmentation—
Closures for Liquid Preparations—Fill 12 clean vials

with water to 4 mL less than the nominal capacity. Fit the clo-
sures to be examined, secure with a cap, and allow to stand for
16 hours.

Closures for Dry Preparations—Fit closures to be exam-
ined into 12 clean vials, and secure each with a cap.

Procedure—Using a hypodermic needle as described
above fitted to a clean syringe, inject into each vial 1 mL of
water while removing 1 mL of air. Repeat this procedure 4
times for each closure, piercing each time at a different site.
Use a new needle for each closure, checking that it is not
blunted during the test. Filter the total volume of liquid in
all the vials through a single filter with porosity no greater than
0.5 mm. Count the rubber fragments visible to the naked eye
on the surface of the filter.

Fragmentation: Requirement—No more than 5 frag-
ments are visible. This limit is based on the assumption that
fragments with a diameter >50 mm are visible to the naked
eye. In case of doubt or dispute, examine the particles micro-
scopically to verify their nature and size.

Self-Sealing Capacity—
Procedure—Fill 10 suitable vials with water to the nominal

volume. Fit the closures that are to be examined, and cap.
Using a new hypodermic needle as described above for each
closure, pierce each closure 10 times, piercing each time at a
different site. Immerse the 10 vials in a solution of 0.1% (1 g/
L) methylene blue, and reduce the external pressure by 27 kPa
for 10 minutes. Restore to atmospheric pressure, and leave the
vials immersed for 30 minutes. Rinse the outside of the vials.

Self-Sealing Capacity: Requirement—None of the vials
contain any trace of blue solution.

1 See ISO 7864, Sterile Hypodermic Needles for Single Use.
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that incor-

porate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Proposed and Rec-

ommended International Nonproprietary Names (INN) when they have been announced by the World Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how

nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomenclature issues that

also occasionally report on related matters pertaining to USAN and INN.
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This is a cumulative directory for the content of all issues of PF beginning with PF 34(1).
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CHROMATOGRAPHIC REAGENTS
USED IN USP–NF AND

PHARMACOPEIAL FORUM

This is an update based on the proposals published in this issue of PF.
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Chromatographic Reagents Used in USP-NF
and Pharmacopeial Forum

Mar.–Apr. 2008

AMITRIPTYLINE HYDROCHLORIDE (DSD Mgh #3480)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 Luna C8 Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Phenomenex

AMLODIPINE BESYLATE TABLETS (DSD Mgh #3575)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Nova-Pak C18 Assay and Related com-
pounds

3.9 mm 6 15 cm, 5 mm. Manufacturer: Waters Associates

AMODIAQUINE HYDROCHLORIDE (DSD Mgh #4040)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Luna C18 Assay, Identification, and
Chrom. purity

4.6 mm 6 10 cm, 5 mm. Manufacturer: Phenomenex

AMODIAQUINE HYDROCHLORIDE TABLETS (DSD Mgh #4050)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Luna C18 Assay 4.6 mm 6 10 cm. Manufacturer: Phenomenex

ANAGRELIDE HYDROCHLORIDE (DSD Mgh #4640)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 Synergi Polar-RP Related compounds and
Chrom. purity

4.6 mm 6 15 cm, 4 mm. Manufacturer: Phenomenex

CEFACLOR CAPSULES (DSD Mgh #13890)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 YMC A303-5 S-5
120A ODS

Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: YMC Inc.

34(2) L1 Ultrasphere ODS Assay 4.6 mm 6 25 cm, 5 mm. Manufacturer: Beckman Instru-
ments

CHLOROQUINE PHOSPHATE (DSD Mgh #16080)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Luna C18 Assay and Identification 4.6 mm 610 cm, 5 mm. Manufacturer: Phenomenex

CHLOROQUINE PHOSPHATE TABLETS (DSD Mgh #16110)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Luna C18 Assay and Identification 4.6 mm 6 10 cm, 5mm. Manufacturer: Phenomenex

CITALOPRAM HYDROBROMIDE (DSD Mgh #17940)
PF LGS# Reagent Brand Type of Test Comments

32(4) L1 Symmetry C-18 Related compounds Related compounds Test 2. 4.6 mm 6 25 cm, 3 mm.
Manufacturer: Waters Corp.

FENTANYL TRANSDERMAL SYSTEM (DSD Mgh #32765)
PF LGS# Reagent Brand Type of Test Comments

34(2) L10 Zorbax CN Related compounds and
Chrom. purity

6.0 mm 6 4 cm, 3 mm. Manufacturer: Agilent

34(2) L1 Microsorb C18 Assay and Drug release Drug release Test 1. 4.6 mm 6 15 cm, 5 mm. Manufac-
turer: Varian Inc.

34(2) L7 Inertsil C8 Drug release Drug release Test 2. 4.6 mm 6 25 cm, 5 mm. Manufac-
turer: GL Sciences
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FLUTICASONE PROPIONATE NASAL SPRAY (DSD Mgh #1097)
PF LGS# Reagent Brand Type of Test Comments

31(4) L1 Spherisorb ODS1 Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.

FUROSEMIDE ORAL SOLUTION (DSD Mgh #34560)
PF LGS# Reagent Brand Type of Test Comments

0(0) L10 Zorbax CN Assay and Limit of . . . . Limit of furosemide related compound B. 4.6 mm 6 25
cm. Alternative column YMC-Pack NH2 same dimen-

sions. Manufacturer: Agilent

ISOTRETINOIN CAPSULES (DSD Mgh #43638)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Partisil ODS-1 Assay 4.6 mm 6 25 cm, 10 mm. Manufacturer: Whatman Inc.

LORATADINE ORALLY DISINTEGRATING TABLETS (DSD Mgh #45897)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Inertsil ODS-3 Assay, Related com-
pounds, Chrom. purity

4.6 6 15 cm, 5 mm. Manufacturer Phenomenex Manu-
facturer: GL Sciences

0(0) L1 Inertsil ODS-3 Related compounds and
Chrom. purity

4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences

METRONIDAZOLE CAPSULES (DSD Mgh #53671)
PF LGS# Reagent Brand Type of Test Comments

34(2) L7 Symmetry C8 Assay and Related com-
pounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Waters Associates

MIFEPRISTONE (DSD Mgh #54050)
PF LGS# Reagent Brand Type of Test Comments

0(0) L## SUPLEX pkb-100 Related compounds and
Chrom. purity

4.6 mm 6 25 cm, 5 mm. Manufacturer: Supelco

MOMETASONE FUROATE CREAM (DSD Mgh #54582)
PF LGS# Reagent Brand Type of Test Comments

34(2) L## Supelcosil ABZ
Plus

Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Supelco

MOMETASONE FUROATE OINTMENT (DSD Mgh #54590)
PF LGS# Reagent Brand Type of Test Comments

34(2) L## Supelcosil ABZ
Plus

Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Supelco

MOMETASONE FUROATE TOPICAL SOLUTION (DSD Mgh #54593)
PF LGS# Reagent Brand Type of Test Comments

0(0) L## Supelcosil ABZ
Plus

Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Supelco

NICOTINE TRANSDERMAL SYSTEM (DSD Mgh #56624)
PF LGS# Reagent Brand Type of Test Comments

20(2) L1 Nucleosil 10 C18 Assay 4.6 mm 6 25 cm. Manufacturer: Macherey-Nagel

PERGOLIDE ORAL SUSPENSION, VETERINARY (DSD Mgh #2848)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Zorbax Rx-C18 Assay and Identification 4.6 mm 6 15 cm, 5 mm. Manufacturer: Agilent Technol-
ogies
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PREDNISOLONE SODIUM PHOSPHATE (DSD Mgh #68730)
PF LGS# Reagent Brand Type of Test Comments

34(1) L1 Symmetry C-18 Assay and Related com-
pounds

4.6 mm 6 7.5 cm, 3.5 mm. Manufacturer: Waters Corp.

PRIMIDONE (DSD Mgh #69110)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Atlantis C18 Assay, Identification, and
Related compounds

4.6 mm 6 10 cm. Manufacturer: Waters

PRIMIDONE TABLETS (DSD Mgh #69150)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Atlantis C18 Assay, Identification, and
Related compounds

4.6 mm 6 10 cm, 3 mm. Manufacturer: Waters

PSEUDOEPHEDRINE HYDROCHLORIDE (DSD Mgh #71580)
PF LGS# Reagent Brand Type of Test Comments

33(2) L11 Eclipse XDB Phenyl Related compounds and
Chrom. purity

3.0 mm 6 15 cm, 3.5 mm. Manufacturer: Agilent

RIVASTIGMINE TARTRATE (DSD Mgh #73772)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 Hypersil BDS C-8 Assay 4.6 mm 6 25 cm, 5 mm. Manufacturer: Thermo Electron

ROCURONIUM BROMIDE (DSD Mgh #2649)
PF LGS# Reagent Brand Type of Test Comments

34(3) L3 Hypersil Silica Related compounds and
Chrom. purity

4.6 mm 6 25 cm, 5 mm. Manufacturer: Thermo Scientific

34(3) G43 CP-Select 624 CB Limit of . . . . . . . . . Limit of 2-propanol. 0.32 mm 6 60 m, 1.8 mm. Manu-
facturer: Varian

SULFADOXINE (DSD Mgh #79040)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 Luna Phenyl-Hexyl Assay 2.0 mm 6 10 cm, 3 mm. Manufacturer: Phenomenex

SULFADOXINE AND PYRIMETHAMINE TABLETS (DSD Mgh #79046)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 Luna Phenyl-Hexyl Assay, Dissolution, Uni-
formity of dosage units

2.0 mm 6 10 cm, 3 mm. Manufacturer: Phenomenex

34(2) L11 Luna Phenyl-Hexyl Assay 2.0 mm 6 10 cm, 3 mm. Manufacturer: Phenomenex

TELMISARTAN TABLETS (DSD Mgh #80815)
PF LGS# Reagent Brand Type of Test Comments

34(3) L1 Nucleosil 100 C18 Assay and Related com-
pounds

4 mm 6 4 cm, 5 mm. Manufacturer: Macherey-Nagel

ZONISAMIDE (DSD Mgh #89993)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Luna C18(2) Assay, Related com-
pounds, Chrom. purity

4.6 mm 6 25 cm, 5 mm. Manufacturer: Phenomenex
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STANDARDS DEVELOPMENT

This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum (PF), for

the development of official pharmaceutical standards.
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USP publishes Pharmacopeial Forum (PF) bimonthly and provides interested parties an opportunity to review and comment on

the new or revised standards of the United States Pharmacopeia and the National Formulary (USP–NF).

PF includes the following:

1. Potential revisions—entirely new standards, revision ideas, and drafts not yet targeted for official adoption (Pharmacopeial

Previews)

2. Proposed revisions—new or revised standards targeted for official adoption (In-Process Revision)

3. Adopted revisions—new or revised standards that become official and binding before the publication of the next USP–NF or

Supplement (Interim Revision Announcement)

USP welcomes comments and data on potential, proposed, or official standards. Comments, along with USP’s responses, will be

published either in PF Briefings, the Commentary section of PF, the Commentary section of Supplements to USP–NF, or the

Commentary section of USP–NF.
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, U.S. Pharmacopeia, 12601 Twinbrook Parkway,

Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
This section provides descriptions of the various parts of PF. It also includes Committee Designations and the Staff Directory.
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The content of the different sections of PF are briefly described below. A more detailed description of each section is provided at

the beginning of that section. A general description of the types and amount of information expected in a Request for Revision is

available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website (www.usp.org/

USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Pharmacopeial
Previews
Early ideas for revisions

�BRIEFING: Scientific rationale for potential inclusion or change. May
include other information useful to the analyst such as the brand name
of the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�Potential revisions not yet targeted for official adoption that require a
longer public review and comment process because of
issues such as:

— the controversial nature of an item;
— the application of new technologies that require further

study; and
— articles produced by multiple sources.

Review drafts and provide comments to
the appropriate staff liaison cited in the
Briefing preceding each Preview.

In-Process Revision
Revisions targeted for
adoption

�BRIEFING: Scientific rationale for proposed changes. May include
other information useful to the analyst such as the brand name of
the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�New and revised standards that have been approved for publication
by the appropriate USP Committee when it is considering whether to
advance standards to official status (see Standards Development).
New or revised text is marked with symbols (&

&
or .. or

~

~
) to spec-

ify the tentative earliest date on which the revision would be officially
adopted.

Review material and send comments
promptly to USP staff liaison (see the
Staff Directory) identified at the end of
the briefing accompanying each item.
For general inquiries or in cases where
a particular liaison is not identified, use
the general USP telephone number 301-
881-0666 or FAX number 301-816-
8373. Comment deadlines are found at
the end of the Policies and Announce-
ments section.

Harmonization
Items the Pharmacopeial
Discussion Group (PDG)
is working to harmonize
internationally

�BRIEFING: Scientific rationale for the potential inclusion or change or
for the proposed change. The designated stage of harmonization. The
stage determines whether an item appears under Pharmacopeial Pre-
views or under In-Process Revision, both separate sections of Harmo-
nization.
�For In-Process Revision, new or revised text is marked with symbols
(&

&
) to specify the tentative, earliest date on which the revision would

be officially adopted.

Review material and provide comments
to the appropriate staff liaison cited in the
Briefing preceding each Preview or In-
Process Revision.
Individuals who wish to correspond
with the European and Japanese Pharma-
copoeias concerning monographs in the
Official Inquiry and Consensus stages
of international harmonization should ad-
dress their comments to the coordinating
pharmacopeia, with a copy to USP, for a
given article. The addresses for the Eur-
opean and Japanese Pharmacopoeias are
as follows:

EP Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health Care
Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Interim Revision
Announcement
Adopted standards

Standards that have been adopted and will become officially binding
on the specified date. Effective date is specified in the section’s intro-
ductory page or within parentheses following a particular item. New
or revised text is set off by the symbols .

..

Review to see if affected by any of the
changes. Note effective date when stan-
dards become official and ensure compli-
ance.

Pending Proposals In order for an item to be adopted into the USP–NF and become offi-
cially binding, it must first be proposed and published in the PF to
allow the public an opportunity to review and comment upon it. When
an item is adopted, it is published in either the USP–NF, its supple-
ments, or an IRA. Those items that have not yet been adopted are still
pending.

Review items to track pending pro-
posals.

Canceled Proposals Canceled proposals are items that were published in PF and were
pending, but have since been canceled. Note that canceled propos-
als may be republished to be considered in the future for adoption into
the USP–NF.

Review items to track canceled pro-
posals.
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Other Sections

Expert Committee Designations

Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the development of stan-

dards.

Staff Directory

Names of key USP Standards Division staff members, including scientific liaisons, with contact information.

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested parties
� Discussions of issues on which USP desires public input prior to further development

Nomenclature
� Latest adopted United States Adopted Names (USAN) and International Nonproprietary Names (INN) for drugs
� Revisions to existing names as a supplement to the USP Dictionary of USAN and International Drug Names
� Suggested, proposed, and recommended USAN and INN
� Information on how nonproprietary drug names are devised
� Articles relevant to compendial nomenclature issues
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Cumulative directory for the content of all issues of PF beginning with PF 34(1).

Chromatographic Reagents Used in USP–NF and Pharmacopeial Forum

Update of chromatographic reagents based on the proposals published in this issue of PF.
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

BB CGT B&B Cell, Gene, and Tissue Therapies

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards [Formerly Dietary Supplements—Bioavailability (DSB)]

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

MD-CCA Monograph Development—Cough, Cold, and Analgesics

MD-GRE Monograph Development—Gastrointestinal, Renal, and Endocrine

MD-OOD Monograph Development—Ophthalmology, Oncology, and Dermatology

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2005–2010 Expert Committees. The general USP telephone

number, (301) 881-0666, may still be used for general inquiries or when a particular Expert Committee is not identified. The fax

number is (301) 816-8373.

STAFF E-MAIL PHONE ASSIGNMENT

Darrell Abernethy
Chief Science Officer

dra@usp.org (301) 816-8184

Clydewyn M. Anthony, Ph.D.,
Scientist

cma@usp.org (301) 816-8139 Monograph Development—
Cough, Cold, and Analgesics
(MD-CCA)

Fouad Atouf, Ph.D.,
Senior Scientific Associate

fa@usp.org (301) 816-8365 B&B Cell, Gene, and Tissue
Therapies (BB CGT)

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Patient Safety Initiatives

scb@usp.org (301) 816-8216

Daniel K. Bempong, Ph.D.,
Senior Scientist

dkb@usp.org (301) 816-8143 Pulmonary and Steroids
(MD-PS)

Kristie Bowman,
Senior Scientific Associate

kxb@usp.org (301) 816-8462 Food Ingredients (FI)

William E. Brown,
Senior Scientist

web@usp.org (301) 816-8380 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF)

Damián A. Cairatti,
Senior Scientist

dac@usp.org (301) 816-8307 USP–NF Spanish Edition

Larry N. Callahan, Ph.D.,
Senior Scientist

lnc@usp.org (301) 816-8385 B&B Proteins and Polysaccha-
rides (BB PP)

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Diane Cousins, R.Ph.,
Vice President, Healthcare Quality
and Information

ddc@usp.org (301) 816-8215

Behnam Davani, Ph.D.,
Senior Scientist

bd@usp.org (301) 816-8394 Monograph Development—
Antivirals and Antimicrobials
(MD-AA)

Anthony DeStefano,
Vice President, General Chapters

ajd@usp.org (301) 998-6303

Ian F. DeVeau, Ph.D.,
Director, Veterinary Drugs
and Radiopharmaceuticals

ifd@usp.org (301) 816-8178 Veterinary Drugs (VET)

Shawn F. Dressman, Ph.D.,
Director, Reference Standards
Evaluation

sfd@usp.org (301) 816-8261 Reference Standards (RS)

Lawrence Evans III, Ph.D., M P.H.,
Senior Scientist

le@usp.org (301) 816-8389 Dietary Supplements—Non-
Botanicals (DSN)

Gabriel I. Giancaspro, Ph.D.,
Director, Dietary
Supplements

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Scientist

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Senior Scientist

eg@usp.org (301) 816-8251 Monograph Development—
Gastrointestinal, Renal, and
Endocrine (MD-GRE)

James Griffiths,
Vice President, Food and Dietary
Supplement Standards

jg@usp.org (301) 998-6811
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STAFF E-MAIL PHONE ASSIGNMENT

Antonio Hernandez-Cardoso,
Scientist, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP Spanish Edition;
General Chapters (GC)

Desmond G. Hunt, Ph.D.,
Scientist

dgh@usp.org (301) 816-8341 Packaging and Storage
(P&S);

Parenteral Products— Industrial
(PPI)

Ping Jin, Ph.D.,
Senior Scientific Associate

pj@usp.org (301) 998-6827 Dietary Supplements—
Performance Standards (DS-PS)

Jymeann King, R.Ph.,
Drug Information Specialist

jk@usp.org (301) 816-8507 Drug Information

Robert Lafaver,
Scientist

rhl@usp.org (301) 816-8335 Excipient Monographs 1 (EM1);
Excipient General Chapters (EGC)

Angela G. Long,
Vice President, Volunteer and
Organizational Affairs and
Executive Secretariat

agl@usp.org (301) 816-8382

Victor Xiaobin Lu, Ph.D.,
Senior Scientist

vxl@usp.org (301) 816-8336 B&B Vaccines and Virology
(BB-VV)

Feiwen Mao,
Scientist

fm@usp.org (301) 816-8320 Monograph Development—
Ophthalmology, Oncology,
and Dermatology (MD-OOD)

Margareth R. Marques, Ph.D.,
Senior Scientist and Latin
American Liaison

mrm@usp.org (301) 816-8106 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF); Reagents

Marcia D. Mayfield,
Manager, Monograph Development

mxm@usp.org (301) 816-8358

Jeff Moore, Ph.D.,
Senior Scientific Associate

jm@usp.org (301)816-8288 Food Ingredients (FI)

Kevin Moore, Ph.D.,
Scientist

ktm@usp.org (301)816-8369 Harmonization;
Monograph Improvement

Tina S. Morris, Ph.D.,
Director, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

Amy Neal, DVM,
Senior Scientist

an@usp.org (301) 998-6786 Veterinary Medicine Information
(VMI)

Claudia C. Okeke, Ph.D.,
Scientific Fellow,
Patient Safety

cco@usp.org (301) 816-8243 Sterile Compounding (SCC)

Horacio Pappa, Ph.D.,
Senior Scientist and Latin
American Liaison

hp@usp.org (301) 816-8319 General Chapters (GC);
Statistics (STAT)

Denise Penn, R.Ph.,
Senior Drug Information Specialist

dsp@usp.org (301) 816-8392 Drug Information

Deborah G. Perfetto, Pharm.D.,
Director, Healthcare Information

dgp@usp.org (301) 816-8317

Morgan Puderbaugh,
Scientific Associate

mxp@usp.org (301) 998-6833

Sujatha Ramakrishna, Ph.D.,
Scientist

sxr@usp.org (301) 816-8349 Monograph Development—
Cardiovascular (MD-CV)

Hariram Ramanathan,
Scientific Associate

hr@usp.org (301) 816-8313

Ravi Ravichandran, Ph.D.,
Senior Scientist

rr@usp.org (301) 816-8330 Monograph Development—
Psychiatrics and
Psychoactives (MD-PP)
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STAFF E-MAIL PHONE ASSIGNMENT

Gary E. Ritchie, M.S.,
Scientific Fellow for PAT

ger@usp.org (301) 816-8353 General Chapters (GC);
Pharmaceutical Waters (PW);
Statistics (STAT)

Karen A. Russo, Ph.D.,
Director, Small Molecules
and Monograph Acquisition

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientist

lxs@usp.org (301) 816-8168 International Health (IH)

Dandapantula Sarma, Ph.D,
Senior Scientist

dns@usp.org (301) 816-8354 Dietary Supplements—
Information (DSI)

Rick Schnatz, Pharm.D,
Manager

rxs@usp.org (301) 816-8526 Compounding Pharmacy (CRX)

Stefan P. Schuber, Ph.D.,
Director, Scientific Reports

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientist

mhs@usp.org (301) 816-8318 Dietary Supplements—
Botanicals (DSB)

Catherine M. Sheehan,
Director, Excipients and
Food Ingredients

cxs@usp.org (301) 816-8262 Food Additives (FA)

Tom Sigambris, M.S.,
Scientist

tzs@usp.org (301) 998-6789

Nora R. Suarez,
Scientific Associate

nrs@usp.org (301) 816-8326

Anita Y. Szajek, Ph.D.,
Senior Scientist

aey@usp.org (301) 816-8325 B&B Blood and Blood Products
(BB BBP)

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientist

rst@usp.org (301) 816-8339 General Toxicity and Medical
Device Biocompatibility
(GTMDB); Microbiology and
Sterility Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientist

yt@usp.org (301) 816-8321 Dietary Supplements—
General Chapters (DS-GC)

Domenick Vicchio,
Senior Scientist

dwv@usp.org (301) 998-6828

Hong Wang, Ph.D.,
Scientist

hw@usp.org (301) 816-8351 Excipient Monographs 2
(EM2); Excipient General
Chapters (EGC)

Andrzej Wilk, Ph.D.,
Sr. Scientist

aw@usp.org (301) 816-8305 Nomenclature (NOM)

Ahalya Wise,
Scientist

aww@usp.org (301) 816-8607 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientist

kxz@usp.org (301) 816-8269 Aerosols (AER); General
Chapters (GC)
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POLICIES AND
ANNOUNCEMENTS

This section includes information about general scientific and policy issues that may have an impact on USP–NF standards and

processes and announcements about issues being considered by USP. This section also includes publication and comment

schedules.
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IRA COMMENTARY

IRA Commentary that previously appeared in this section now

is available on the USP website.

Revision proposals published in Pharmacopeial Forum often

elicit public comments that are forwarded to the appropriate

Expert Committee for review and response. In accordance

with the Rules and Procedures of the 2005–2010 Council of

Experts, revision proposals can advance to official status with

minor modifications, as needed, without requiring further pub-

lic review. In such cases a summary of comments received and

the appropriate Expert Committee’s responses are published in

the Revisions and Commentary section of the USP website at

the time the revision becomes official. For those proposals that

require further revision and republication in Pharmacopeial

Forum, a summary of the comments and the Expert Commit-

tee’s responses will be included in the briefing that accompa-

nies each article.

The Commentary section is not part of the official text of the

monograph and is not intended to be enforceable by regulatory

authorities. Rather, it explains the basis of the Expert Commit-

tee’s response to public comments. If there is a difference be-

tween the contents of the Commentary section and the official

monograph, the text of the official monograph prevails. In case

of a dispute or question of interpretation, the language of the

official text, alone and independent of the Commentary sec-

tion, shall prevail.

RESIDUAL SOLVENTS: GENERAL NOTICES AND

GENERAL CHAPTER h467i—IMPLEMENTATION

DATE DELAYED TO JULY 1, 2008

The Executive Committee of the Council of Experts has de-

layed the implementation date for the requirements related

to USP General Chapter h467i from July 1, 2007 to July 1,

2008. According to this decision, the implementation date of

the section on Residual Solvents in the General Notices and

the change in the title of General Chapter h467i from Organic

Volatile Impurities to Residual Solvents will be delayed from

July 1, 2007 to July 1, 2008. Additionally, the section in h467i
titled Other Analytical Procedures, originally slated to be de-

leted at the time when the title changes, will be kept in the

chapter until the new implementation date. Specifications for

Organic Volatile Impurities h467i in USP–NF monographs

will remain official until July 1, 2008. After July 1, 2008,

the change in the title of General Chapter h467i and the Gen-

eral Notices statement on Residual Solvents will be effective,

and references to Organic Volatile Impurities will be deleted

from monographs.

Please direct any questions to Horacio Pappa, Ph.D., Senior

Scientist (301-816-8319 or hp@usp.org).

2008 USP DICTIONARY—JUST PUBLISHED. The new

USP Dictionary of USAN and International Drug Names is

now available in print and online formats. The 2008 edition

features more than 12,000 updates, including new UNII

codes for all registered drug ingredients. To order, visit

www.usp.org/products/dictionary.

FOOD CHEMICALS CODEX SIXTH EDITION NOW

AVAILABLE. Food Chemicals Codex Sixth Edition (FCC

6) features internationally recognized monograph standards

and tests for the purity and quality for more than 1,000

food-grade ingredients . This edit ion also includes

specifications for solutions and indicators, reference charts

and tables, and supplemental data. Updated and redesigned

for 2008, the FCC is now published every two years with an

annual supplement between editions. It is available in online

and print subscriptions, in English only. Order now at

www.usp.org/products/fcc.

USP CATALOG AVAILABLE. The USP Catalog is

available in online and stand-alone print versions. Online bi-

monthly and daily catalogs can be accessed at www.usp.org/

referenceStandards/catalog.html. You can also sign up to

receive the USP Catalog in print (via postal mail) along with

monthly email alerts—which will keep you informed about

new Reference Standards, availability, and current lots—by

sending an email to marketing@usp.org or calling 301-816-

8237.

STIMULI ARTICLES POSTED ON USP’S WEBSITE.

The Stimuli articles that are published in Pharmacopeial

Forum are simultaneously published on USP’s website.

Look for them at h t tp : / /www.usp .org /USPNF/pf /

whatsInside.html. For more information about Stimuli

articles, please contact Stefan Schuber, Ph.D., Director,

Scientific Reports (301-816-8551 or sps@usp.org).

PHARMACOPEIAL EDUCATION. USP’s Pharmacopeial

Education (PE) courses offer authoritative, specialized

instruction for chemists and other scientific professionals in

the pharmaceutical and allied industries. USP scientists, who

play a key role in establishing official USP standards, work in

conjunction with PE faculty to develop and teach these

courses and provide expert insights on the practical

applications of official test procedures and best practices in

using the USP–NF as well as other USP resources.

Additionally, the courses offer participants an opportunity to

learn how to become involved in USP’s standards-setting

processes and the benefits of participating in standards

development.

In 2007, we expanded our course delivery portfolio to include

web-based education. Our online course, titled ‘‘Navigating

Chapter h467i Residual Solvents’’, has been very successful,

as participants are experiencing the benefits of a convenient

scheduling format and cost savings associated with web-based

education.

In 2008, we will introduce additional new courses including:

� Validation of Compendial Procedures
� Developing Compendial HPLC Procedures
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� cGMP: Quality Systems Approach for APIs (WBE)
� Advanced Dissolution

For more information, dates, and locations, or to register, visit

www.usp.org/education. To discuss how USP can bring

courses to a location of your choice or design a custom

course package for you, call 301-230-6304 or e-mail

ProfessionalEducation@usp.org.

VISIT THE USP WEBSITE AT http://www.usp.org.
Various resources related to Pharmacopeial standards are
presented. Highlights from PF, Notices relating to USP–NF,
USP policies, Commentary on upcoming official revisions,
and Reference Standard information are some of the items
found on the website.

PHARMACOPEIAL FORUM PUBLIC REVIEW AND

COMMENT PERIOD DEADLINES. The USP welcomes

and encourages interested parties to submit comments and

data regarding potential, proposed, or adopted (official)

standards. In accordance with the Rules and Procedures of

the 2005–2010 Council of Experts, USP has implemented a

90-day comment period by providing a deadline for each

issue of PF unless otherwise stated in the individual

Briefing. The comment period deadlines and the targeted

official publications are listed below.

Pharmacopeial Forum Comment Deadline
Targeted Official

Publication Publication Date Official Date

PF 34(2) June 15, 2008 USP 32–NF 27
1st Supplement

February 2009 August 2009

PF 34(3) August 15, 2008

PF 34(4) October 15, 2008 USP 32–NF 27
2nd Supplement

June 2009 December 2009

PF 34(5) December 15, 2008

PF 34(6) February 15, 2009 USP 33–NF 28 November 2009 May 2010

PF 35(1) April 15, 2009

All official revisions are published in the annual edition or

Supplements to USP—NF (twice yearly). Between these pub-

lications, official revisions are published in PF in the Interim

Revision Announcement; these revisions are also incorporated

in the upcoming Supplement. The official publication in which

an IRA is incorporated will depend upon publication dead-

lines. The IRAs appearing in PF Numbers 5 and 6 of each vol-

ume will not appear until Supplement 1. See table below. The

electronic version of USP—NF is updated as each Supplement

becomes available and, therefore, contains all official text up

to and including the contents of the latest Supplement. The ta-

ble below outlines the publications and their release and offi-

cial dates, and the book or Supplement that supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 31–NF 26 Nov. 1. 2007 May 1, 2008 1st Supplement to USP 31–NF
26

IRA [PF 34(1)] Jan. 1, 2008 Feb. 1, 2008 2nd Supplement to USP 31–NF
26

1st Supplement to USP 31–NF
26

Feb. 1, 2008 Aug. 1, 2008 2nd Supplement to USP 31–NF
26

IRA [PF 34(2)] Mar. 1, 2008 Apr. 1, 2008 2nd Supplement to USP 31–NF
26

IRA [PF 34(3)] May 1, 2008 June 1, 2008 USP 32–NF 27

2nd Supplement to USP 31–NF
26

June 1, 2008* Dec. 1, 2008* USP 32–NF 27

IRA [PF 34(4)] July 1, 2008* Aug. 1, 2008* USP 32–NF 27

IRA [PF 34(5)] Sept. 1, 2008* Oct. 1, 2008* 1st Supplement to
USP 32–NF 27

IRA [PF 34(6)] Nov. 1, 2008* Dec. 1, 2008* 1st Supplement to
USP 32–NF 27

* Tentative.
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PRIORITY NEW MONOGRAPH ITEMS. USP is seeking

monographs for the following drug substances and drug

products that are or soon will be off patent and thus are of

the highest priority. USP also is seeking monographs for the

excipients listed below. Monographs are marked received

upon receipt of the monograph proposal. Received mono-

graphs are removed from this list upon publication in Pharma-

copeial Forum. (This list has been updated as of February 20,

2008.) For the most current list, please consult the Priority

New Monograph Items List posted at http://www.usp.org/

USPNF/submitMonograph/newMon.html.

Monograph sponsors should consult USP’s Guideline for Sub-

mitting Requests for Revision to the USP–NF posted at http://

www.usp.org/USPNF/submitMonograph/subGuide.html.

For additional information, contact Karen A. Russo, Ph.D.,

kar@usp.org.

Small Molecules (Drug Substances)—As of February 20, 2008

1. Allopurinol Sodium 2. Aminopropazine Fumarate 3. Aminopterin Sodium

4. Anagrelide Hydrochloride
(Received)

5. Arsenic Trioxide 6. Auranfoin

7. Azelaic Acid
(Received)

8. Balsalazide Disodium 9. Bentoquatam

10. Benzphetamine Hydrochloride 11. Bivalirudin
(Received)

12. Calcipotriene

13. Calfactant 14. Candesartan Cilexetil
(Received)

15. Carmustine
(Received)

16. Cefditoren Pivoxil
(Received)

17. Ceftibuten 18. Ceftiofur Hydrochloride
(Received)

19. Cetrorelix 20. Cevimeline 21. Chloroxine

22. Choline Salicylate 23. Cysteamine Bitartrate 24. Cytarabine Liposome

25. Dalfopristin 26. Dapirazole Hydrochloride 27. Desirudin

28. Desonide
(Received)

29. Dexrazoxane 30. Dextromethorphan Polistirex

31. Difenoxin Hydrochloride 32. Difloxacin Hydrochloride 33. Entacapone
(Received)

34. Epoprostenol Sodium
(Received)

35. Erythromycin Phosphate 36. Erythromycin Thiocyanate

37. Esmolol Hydrochloride 38. Estazolam 39. Estramustine Phosphate Sodium

40. Ethanolamine Oleate 41. Etomidate
(Received)

42. Etoposide Phosphate

43. Exemestane 44. Famciclovir 45. Felbamate

46. Fluoromethane F 18 47. Fosfomycin Tromethamine
(Received)

48. Gadobenate Dimeglumine

49. Gadopentetic Acid 50. Gallium Nitrate 51. Ganirelix

52. Glyceryl Aminobenzoate 53. Guanidine Hydrochloride 54. Halobetasol Propionate
(Received)

55. Haloperidol Decanoate
(Received)

56. Hydrocodone Polistirex 57. Ibandronate Sodium

58. Imipramine Pamoate 59. Imiquimod 60. Irinotecan

61. Isosulfan Blue 62. Itraconazole
(Received)

63. Lamotrigine
(Received)

64. Latanoprost
(Received)

65. Levetiracetam
(Received)

66. Lomustine
(Received)

67. Lopinavir 68. Metipranolol Hydrochloride 69. Midazolam
(Received)

70. Mifepristone
(Received)

71. Miglitol 72. Milrinone Lactate

73. Misoprostol
(Received)

74. Moexipril Hydrochloride 75. Nalbuphine Hydrochloride

76. Nalmefene Hydrochloride 77. Nateglinide
(Received)

78. Nedocromil Sodium

79. Nicardipine Hydrochloride 80. Nilutamide 81. Nisoldipine

82. Olopatadine
(Received)

83. Olsalazine Sodium
(Received)

84. Orbifloxacin
(Received)

85. Orlistat
(Received)

86. Oxcarbazepine
(Received)

87. Oxiconazole Nitrate

88. Pemirolast Potassium 89. Pentamidine Isethionate
(Received)

90. Pentetate Calcium Trisodium

91. Pioglitazone Hydrochloride 92. Piperonyl Butoxide 93. Pirbuterol Acetate

94. Poractant Alpha 95. Porfimer Sodium 96. Pramiprexole Dihydrochloride
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Small Molecules (Drug Substances)—As of February 20, 2008 (Continued)

97. Proguanil Hydrochloride
(Received)

98. Quetiapine Fumarate
(Received)

99. Ranitidine

100. Rivastigmine Tartrate
(Received)

101. Rocuronium Bromide
(Received)

102. Ropinirole Hydrochloride

103. Rose Bengal Disodium 104. Rosiglitazone Maleate 105. Salmeterol Xinafoate

106. Sertraline Hydrochloride
(Received)

107. Sibutramine Hydrochloride
(Received)

108. Sodium Phenylbutyrate

109. Sodium Phosphates 110. Spectinomycin Sulfate 111. Streptozocin

112. Tacrolimus
(Received)

113. Tenofovir Disoproxil Fumarate 114. Terconazole
(Received)

115. Tiludronate Disodium 116. Tiopronin 117. Trandolapril
(Received)

118. Tranexamic Acid
(Received)

119. Tranylcypromine Sulfate
(Received)

120. Trimetrexate Glucuronate

121. Venlafaxine Hydrochloride
(Received)

122. Voriconazole
(Received)

123. Zaleplon

124. Zinc Tridosium Pentetate 125. Zoledronic Acid 126. Zonisamide
(Received)

Small Molecules (Drug Products)—As of February 20, 2008

1. Abacavir Sulfate, Lamivudine, and Zido-
vudine Tablets

2. Acarbose Tablets 3. Acetaminophen, Butalbital, Caffeine, and
Codeine Phosphate Capsules

4. Acetaminophen, Clemastine Fumarate
and Pseudoephedrine Hydrochloride
Tablets

5. Acetazolamide Extended-Release Cap-
sules

6. Albuterol and Ipratropium Bromide Inhala-
tion Aerosol

7. Albuterol and Ipratropium Bromide Inha-
lation Solution

8. Albuterol Extended-Release Tablets 9. Albuterol Inhalation Aerosol

10. Albuterol Sulfate Inhalation Solution 11. Albuterol Sulfate Oral Solution 12. Alendronate Sodium Oral Solution

13. Alfuzosin Extended-Release Tablets 14. Allopurinol for Injection 15. Alprazolam Extended-Release Tablets

16. Alprostadil Urethral Suppository 17. Aminopropazine Fumarate and Neomy-
cin Sulfate Tablets

18. Aminopropazine Fumarate Injection

19. Aminopropazine Fumarate Tablets 20. Aminopterin Sodium Tablets 21. Amiodarone Hydrochloride Injection

22. Amlodipine and Benazepril Hydro-
chloride Capsules

23. Amphotericin B Injection 24. Anagrelide Hydrochloride Capsules
(Received)

25. Arsenic Trioxide Injection 26. Atovaquone and Proguanil Hydrochlor-
ide Tablets

27. Atovaquone Tablets

28. Auranofin Capsules 29. Azatadine Maleate and Pseudoephedrine
Sulfate Extended-Release Tablets

30. Azelaic Acid Cream

31. Azithromycin for Injection
(Received)

32. Azithromycin Tablets 33. Baclofen Injection

34. Balsalazide Disodium Capsules 35. Beclomethasone Dipropionate Inhala-
tion Aerosol

36. Beclomethasone Dipropionate Nasal Sus-
pension

37. Benazepril Hydrochloride and Hydro-
chlorothiazide Tablets

38. Bentoquatam Topical Suspension 39. Benzocaine and Cetylpyridinium Chlo-
ride Lozenges

40. Benzocaine and Menthol Lotion 41. Benzphetamine Hydrochloride Tablets 42. Bivalirudin Injection

43. Brompheniramine Maleate, Dextro-
methorphan Hydrobromide and Pseudo-
ephedrine Hydrochloride Oral Solution

44. Budesonide Inhalation Aerosol 45. Bupivacaine and Lidocaine Hydrochlor-
ides Injection

46. Buprenorphine Hydrochloride Injection 47. Butalbital and Acetaminophen Capsules 48. Butalbital and Acetaminophen Tablets

49. Cabergoline Tablets
(Received)

50. Calcipotriene Cream 51. Calcipotriene Ointment

52. Calcipotriene Topical Solution 53. Calcitriol Capsules 54. Calcitriol Oral Solution

55. Calcium Acetate Capsules 56. Calcium Trisodium Pentetate Injection 57. Calfactant Intratracheal Suspension

58. Carbidopa and Levodopa Extended-
Release Tablets
(Received)

59. Carbidopa and Levodopa Tablets for
Oral Suspension
(Received)

60. Carbidopa, Levidopa, and Entacapone
Tablets

61. Carmustine For Injection
(Received)

62. Carmustine Implant 63. Cefdinir Tablets

64. Cefditoren Pivoxil Tablets 65. Ceftibuten Capsules 66. Ceftibuten for Oral Suspension

67. Ceftiofur Hydrochloride Oral Suspen-
sion

68. Cetirizine Hydrochloride Oral Solution
(Received)

69. Cetirizine Hydrochloride Tablets
(Received)

70. Cetrorelix Injection 71. Cevimeline Hydrochloride Capsules 72. Chloroxine Cream
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Black plate (534,1)

Small Molecules (Drug Products)—As of February 20, 2008 (Continued)

73. Chlorpromazine Hydrochloride
Extended-Release Capsules

74. Choline and Magnesium Salicylates
Oral Solution

75. Choline and Magnesium Salicylates
Tablets

76. Choline Salicylate Oral Solution
(Received)

77. Ciclopirox Shampoo 78. Ciclopirox Topical Gel

79. Ciclopirox Topical Solution
(Received)

80. Cimetidine Oral Solution 81. Ciprofloxacin Hydrochloride and Hydro-
cortisone Otic Suspension

82. Ciprofloxacin Otic Solution 83. Citalopram Hydrobromide Oral Solution 84. Citric Acid, Gluconolactone, and Magne-
sium Carbonate Irrigation

85. Cladribine Injection 86. Clemastine Fumarate Syrup 87. Clobetasol Propionate Gel

88. Clonazepam Orally-Disintegrating
Tablets
(Received)

89. Clorazepate Dipotassium Capsules 90. Clorazepate Dipotassium Extended-
Release Tablets

91. Clotrimazole and Betamethasone Di-
propionate Lotion

92. Compound Undecylenic Acid Cream 93. Compound Undecylenic Acid Topical
Powder

94. Conjugated Estrogens and Medroxypro-
gesterone Acetate Tablets

95. Cyclosporine Modified Capsules 96. Cyclosporine Modified Oral Solution

97. Cyclosporine Ointment 98. Cyclosporine Topical Solution 99. Cysteamine Bitartrate Capsules

100. Cytarabine Liposome Injection 101. Dalfopristin and Quinupristin Injection 102. Dantrolene Sodium Oral Suspension

103. Dapiprazole for Ophthalmic Solution 104. Desirudin for Injection 105. Desonide Cream

106. Dexrazoxane for Injection 107. Dextroamphetamine Sulfate
Extended-Release Capsules

108. Dextromethorphan Polistirex Extended-
Release Oral Suspension

109. Diazepam Injectable Emulsion 110. Diclofenac Sodium Ophthalmic Solu-
tion

111. Diethylpropion Hydrochloride
Extended-Release Tablets

112. Difenoxin Hydrochloride and Atropine
Sulfate Tablets

113. Difloxacin Hydrochloride Tablets 114. Dihydroergotamine Mesylate Metered
Spray

115. Diltiazem Hydrochloride Injection 116. Dinoprostone Vaginal Suppositories 117. Diphenhydramine Hydrochloride and
Acetaminophen Tablets

118. Divalproex Sodium Delayed-Release
Capsules

119. Dorzolamide and Timolol Ophthalmic
Solution

120. Dorzolamide Ophthalmic Solution

121. Doxepin Hydrochloride Cream 122. Doxycycline Oral Gel 123. Econazole Nitrate Cream

124. Edrophonium Chloride and Atropine
Sulfate Injection

125. Enalapril Maleate and Felodipine
Extended-Release Tablets

126. Enalaprilat Injection
(Received)

127. Entacapone Tablets 128. Ephedrine Sulfate and Guaifenesin
Tablets

129. Epoprostenol for Injection

130. Epoprostenol Injection 131. Escitalopram Oxalate Tablets
(Received)

132. Esmolol Hydrochloride Injection

133. Esomeprazole Magnesium Capsules 134. Estazolam Tablets 135. Estramustine Phosphate Sodium Cap-
sules

136. Ethanolamine Oleate Injection 137. Etidronate Disodium Injection Concen-
trate

138. Etomidate Injection

139. Exemestane Tablets 140. Famotidine Orally Disintegrating
Tablets

141. Felbamate Oral Suspension

142. Felbamate Tablets 143. Fentanyl Lozenges 144. Famciclovir Tablets

145. Fentanyl Transdermal System
(Received)

146. Ferrous Fumarate and Docusate So-
dium Extended-Release Capsules

147. Fluconazole Injection
(Received)

148. Fluconazole Oral Suspension 149. Fluconazole Tablets
(Received)

150. Flunisolide Inhalation Aerosol

151. Flunisolide Nasal Spray 152. Fluocinolone Acetonide Shampoo 153. Fluorescein Sodium Ophthalmic Solu-
tion

154. Fluorometholone Ointment 155. Fluticasone Propionate Cream
(Received)

156. Fluticasone Propionate Inhalation Pow-
der

157. Fluticasone Propionate Ointment
(Received)

158. Fluticasone Propionate Pressurized In-
haler

159. Foscarnet Sodium Injection

160. Fosfomycin for Oral Solution 161. Gabapentin Oral Solution 162. Gadobenate Dimeglumine Injection

163. Gallium Nitrate Injection 164. Ganciclovir Capsules 165. Ganirelix Acetate Injection

166. Gatifloxacin Injection 167. Gatifloxacin Tablets 168. Gentamicin Sulfate Oral Solution

169. Gentamicin Sulfate Soluble Powder 170. Glipizide Extended-Release Tablets 171. Granisetron Injection
(Received)

172. Granisetron Tablets
(Received)

173. Guaifenesin and Pseudoephedrine Hy-
drochloride Extended-Release Tablets

174. Guaifenesin and Salts of Dextromethor-
phan and Pseudoephedrine Oral Solution

175. Guanidine Hydrochloride Tablets 176. Halobetasol Propionate Cream 177. Halobetasol Propionate Ointment

178. Haloperidol Decanoate Injection 179. Haloperidol Lactate Injection 180. Haloperidol Lactate Oral Concentrate

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
534 POLICIES AND ANNOUNCEMENTS Vol. 34(3) [May–June 2008]

P
ol

ic
ie

s
an

d
A

nn
ou

nc
em

en
ts



Black plate (535,1)

Small Molecules (Drug Products)—As of February 20, 2008 (Continued)

181. Hydralazine Hydrochloride and Hy-
drochlorothiazide Capsules

182. Hydrochlorothiazide Capsules 183. Hydrochlorothiazide Oral Solution

184. Hydrocodone Bitartrate and Acetami-
nophen Capsules

185. Hydrocodone Bitartrate and Acetami-
nophen Oral Solution

186. Hydrocodone Bitartrate and Aspirin
Tablets

187. Hydrocodone Bitartrate and Guaifene-
sin Oral Solution

188. Hydrocodone Bitartrate and Homatro-
pine Methylbromide Syrup

189. Hydrocortisone Acetate Dental Paste

190. Hydrocortisone Acetate Rectal Foam
Aerosol

191. Hydrocortisone Butyrate Lotion 192. Hydroflumethiazide and Reserpine
Tablets

193. Hydromorphone Hydrochloride Oral
Solution
(Received)

194. Hydroquinone Lotion 195. Ibandronate Sodium Tablets

196. Ibuprofen Capsules 197. Idarubicin Hydrochloride Injection 198. Imipramine Pamoate Capsules

199. Imiquimod Topical Cream 200. Ipratropium Bromide Inhalation Aero-
sol

201. Ipratropium Bromide Inhalation Solu-
tion

202. Irinotecan Hydrochloride Injection 203. Isosulfan Blue Injection 204. Isradipine Extended-Release Tablets

205. Itraconazole Injection 206. Itraconazole Oral Solution 207. Ketoconazole Cream

208. Ketoconazole Shampoo 209. Ketoprofen Capsules
(Received)

210. Ketoprofen Extended-Release Capsules

211. Ketoprofen Tablets 212. Ketotifen Fumarate Ophthalmic Solu-
tion

213. Lactic Acid Lotion

214. Lamivudine Tablets
(Received)

215. Lamotrigine Tablets 216. Latanoprost Ophthalmic Solution

217. Leucovorin Calcium for Injection 218. Levetiracetam Tablets 219. Levocabastine Ophthalmic Suspension

220. Levofloxacin Solution 221. Lincomycin Hydrochloride and Specti-
nomycin Sulfate Soluble Powder

222. Liothyronine Injection

223. Lomustine Capsules 224. Lopinavir and Ritonavir Solution 225. Lopinavir Capsules

226. Lopinavir Solution 227. Loratadine Orally-Disintegrating
Tablets
(Received)

228. Losartan Potassium Tablets
(Received)

229. Mefloquine Hydrochloride Tablets 230. Melphalan for Injection 231. Mesalamine Suppositories

232. Mesoridazine Besylate Concentrate 233. Metaraminol Bitartrate Injection 234. Methacholine Chloride for Inhalation
Solution

235. Methadone Hydrochloride Oral Con-
centrate

236. Methocarbamol and Aspirin Tablets 237. Methoxsalen Softgels

238. Methyclothiazide and Deserpidine
Tablets

239. Methylphenidate Hydochloride Chew-
able Tablets

240. Metipranolol Ophthalmic Solution

241. Metronidazole Capsules
(Received)

242. Metronidazole Cream 243. Metronidazole Extended-Release
Tablets

244. Metronidazole Hydrochloride for In-
jection

245. Metronidazole Lotion 246. Miconazole Nitrate Topical Aerosol

247. Midazolam Injection
(Received)

248. Mifepristone Tablets 249. Miglitol Tablets

250. Milrinone Lactate Injection 251. Misoprostol Tablets
(Received)

252. Moexipril Hydrochloride and Hydro-
chlorothiazide Tablets

253. Moexipril Hydrochloride Tablets 254. Molindone Hydrochloride Oral Solu-
tion

255. Morphine Sulfate for Injection Concen-
trate

256. Morphine Sulfate Oral Solution 257. Morphine Sulfate Oral Solution Con-
centrate

258. Morphine Sulfate Tablets

259. Mycophenolate Mofetil Capsules 260. Mycophenolate Mofetil Oral Solution 261. Mycophenolate Mofetil Tablets

262. Nalbuphine Hydrochloride Injection 263. Nalmefene Hydrochloride Injection 264. Naphazoline Hydrochloride and Phenir-
amine Maleate Ophthalmic Solution

265. Naphazoline Hydrochloride and Phe-
niramine Maleate Ophthalmic Solution

266. Naproxen Sodium Extended-Release
Tablets

267. Nateglinide Tablets
(Received)

268. Nedocromil Sodium Inhalation Aero-
sol

269. Neomycin Sulfate Oral Powder 270. Nicardipine Hydrochloride Capsules

271. Nilutamide Tablets 272. Nimodipine Capsules 273. Nisoldipine Extended-Release Tablets

274. Nitroglycerin Solution In Acrylic Ad-
hesive

275. Nitroglycerin Transdermal System 276. Nizatidine Tablets

277. Ofloxacin In Dextrose Injection 278. Ofloxacin Injection 279. Olopatadine Ophthalmic Solution
(Received)

280. Olsalazine Sodium Capsules 281. Ondansetron Tablets
(Received)

282. Orbifloxacin Tablets
(Received)
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Black plate (536,1)

Small Molecules (Drug Products)—As of February 20, 2008 (Continued)

283. Orphenadrine Citrate Extended-
Release Tablets
(Received)

284. Orphenadrine Citrate, Aspirin, and
Caffeine Tablets

285. Oxcarbazepine Suspension

286. Oxcarbazepine Tablets
(Received)

287. Oxiconazole Cream 288. Pamidronate Disodium Injection

289. Pantoprazole Sodium for Injection 290. Pantoprazole Sodium Tablets 291. Paroxetine Hydrochloride Extended-
Release Tablets

292. Paroxetine Oral Suspension 293. Pemirolast Potassium Ophthalmic So-
lution

294. Penicillin G Potassium Tablets for Oral
Solution

295. Pentamidine Isethionate for Inhalation 296. Pentamidine Isethionate Injection
(Received)

297. Pentazocine Hydrochloride and Aceta-
minophen Tablets

298. Phendimetrazine Tartrate Extended-
Release Capsules

299. Phenobarbital Capsules 300. Phentermine Resin Complex Capsules

301. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Extended-
Release Capsules

302. Phenylephrine Hydrochloride, Chlor-
pheniramine Maleate, and Acetaminophen
Extended-Release Tablets

303. Pilocarpine Hydrochloride Ophthalmic
Gel

304. Pilocarpine Hydrochloride Ophthal-
mic Ointment

305. Pilocarpine Hydrochloride Tablets
(Received)

306. Pioglitazone Hydrochloride Tablets

307. Piperonyl Butoxide and Pyrethrins
Aerosol Foam

308. Pirbuterol Acetate Inhalation Aerosol 309. Poractant Alpha Suspension

310. Porfimer Sodium for Injection 311. Povacrylate Solution 312. Povacrylate-Iodine Topical Solution

313. Povidone-Iodine Gauze 314. Povidone-Iodine Swabsticks 315. Povidone-Iodine Topical Aerosol Foam

316. Povidone-Iodine Vaginal Supposi-
tories

317. Pramipexole Dihydrochloride Tablets 318. Prednisolone Sodium Phosphate Oral
Solution

319. Prochlorperazine Maleate Extended-
Release Capsules

320. Progesterone Capsules 321. Promethazine and Phenylephrine Hydro-
chlorides and Codeine Phosphate Syrup
(Received)

322. Promethazine and Phenylephrine Hy-
drochlorides Syrup
(Received)

323. Promethazine Hydrochloride and Co-
deine Phosphate Oral Solution
(Received)

324. Promethazine Hydrochloride and Dex-
tromethorphan Hydrobromide Syrup
(Received)

325. Propafenone Hydrochloride Tablets 326. Pseudoephedrine Hydrochloride and
Brompheniramine Maleate Extended-
Release Tablets

327. Pseudoephedrine Hydrochloride and Na-
proxen Sodium Extended-Release Tablets

328. Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Codeine
Phosphate Oral Solution

329. Pseudoephedrine Hydrochloride, Guai-
fenesin, and Codeine Phosphate Oral Solu-
tion

330. Pseudoephedrine Sulfate and Dexbrom-
pheniramine Maleate Extended-Release
Tablets

331. Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solution

332. Pseudoephedrine Sulfate, Dexbrom-
pheniramine Maleate, and Acetaminophen
Extended-Release Tablets

333. Pyrilamine Maleate Injection

334. Quinapril Hydrochloride and Hydro-
chlorothiazide Tablets

335. Quinidine Sulfate Injection 336. Ramipril Capsules

337. Ranitidine Capsules 338. Rauwolfia Serpentina and Endroflu-
methiazide Tablets

339. Reserpine and Polythiazide Tablets

340. Rimantadine Hydrochloride Oral Solu-
tion

341. Risperidone Oral Solution
(Received)

342. Risperidone Orally Disintegrating
Tablets

343. Rivastigmine Tartrate Capsules
(Received)

344. Rivastigmine Tartrate Oral Solution
(Received)

345. Rocuronium Bromide Injection

346. Ropinirole Hydrochloride Tablets 347. Rosiglitazone Maleate Tablets 348. Salicylic Acid and Sulfur Cleansing
Lotion

349. Salicylic Acid and Sulfur Lotion 350. Salicylic Acid and Sulfur Shampoo 351. Salicylic Acid Cream

352. Salicylic Acid Ointment 353. Salmeterol Inhalation Aerosol 354. Salmeterol Xinafoate Inhalation Powder

355. Scopolamine Transdermal System 356. Selegiline Hydrochloride Capsules 357. Sertraline Hydrochloride Oral Solution

358. Sibutramine Hydrochloride Capsules 359. Sodium Bicarbonate and Sodium Ci-
trate for Oral Solution

360. Sodium Bicarbonate, Sodium Citrate,
and Sodium Tartrate for Oral Suspension

361. Sodium Iodide Injection 362. Sodium Phenylbutyrate Oral Powder 363. Sodium Phenylbutyrate Tablets

364. Sodium Phosphates for Oral Suspen-
sion

365. Sodium Phosphates Tablets 366. Sodium Salicylate and Sulfur Shampoo

367. Sterile Talc Aerosol 368. Streptozocin for Injection 369. Sucralfate Oral Suspension

370. Sulconazole Nitrate Cream 371. Sulfacetamide Sodium and Fluoro-
metholone Ophthalmic Suspension

372. Sulfacetamide Sodium and Prednisolone
Sodium Phosphate Ophthalmic Solution

373. Sulfasalazine Oral Suspension 374. Sulisobenzone Lotion 375. Sumatriptan Injection

376. Sumatriptan Tablets
(Received)

377. Tacrolimus Capsules
(Received)

378. Tacrolimus Injection

379. Tacrolimus Ointment 380. Tamsulosin Hydrochloride Capsules
(Received)

381. Technetium Tc 99m Teboroxime Injec-
tion
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Black plate (537,1)

Small Molecules (Drug Products)—As of February 20, 2008 (Continued)

382. Tenofovir Disoproxil Fumarate
Tablets

383. Terazosin Capsules 384. Terazosin Tablets

385. Terbinafine Hydrochloride Cream 386. Terbinafine Tablets
(Received)

387. Terbinafine Topical Solution

388. Terconazole Vaginal Cream 389. Terconazole Vaginal Suppositories 390. Testosterone Transdermal Gel

391. Testosterone Transdermal System 392. Tetracycline Hydrochloride Periodon-
tal Fiber

393. Theophylline Extended-Release Tablets

394. Tioconazole Vaginal Ointment 395. Tiopronin Tablets 396. Tolnaftate Topical Aerosol Solution

397. Topiramate Capsules
(Received)

398. Topiramate Tablets
(Received)

399. Torsemide Injection

400. Torsemide Tablets
(Received)

401. Trandolapril and Verapamil Hydro-
chloride Extended-Release Tablets

402. Trandolapril Tablets

403. Tranexamic Acid Injection 404. Tranylcypromine Sulfate Tablets
(Received)

405. Tretinoin Capsules

406. Tretinoin Microsphere Gel 407. Triamcinolone Acetonide Nasal Sus-
pension

408. Trifluridine Ophthalmic Solution

409. Trimetrexate for Injection 410. Trimipramine Maleate Capsules 411. Triprolidine and Pseudoephedrine Hy-
drochlorides and Codeine Phosphate Syrup

412. Trolamine Salicylate Cream 413. Trolamine Salicylate Gel 414. Trolamine Salicylate Topical Emulsion

415. Undecylenic Acid Topical Foam Aero-
sol

416. Urea Cream 417. Vecuronium Bromide for Injection

418. Venlafaxine Extended-Release Cap-
sules
(Received)

419. Venlafaxine Tablets 420. Verapamil Hydrochloride Capsules

421. Verapamil Hydrochloride Extended-
Release Capsules

422. Voriconazole Injection 423. Voriconazole Oral Suspension

424. Voriconazole Tablets 425. Yttrium Y-90 Chloride Solution 426. Yttrium Y-90 Glass Microspheres

427. Yttrium Y-90 Microspheres Injection 428. Zaleplon Capsules 429. Zidovudine and Lamivudine Tablets
(Received)

430. Zinc Acetate Capsules 431. Zinc Tridosium Pentetate Injection 432. Ziprasidone Hydrochloride Capsules

433. Zoledronic Acid for Injection 434. Zonisamide Capsules

Excipients—As of February 20, 2008

1. Acetone Sodium Bisulfite 2. Acetylated Monoglycerides 3. Aconitic Acid (Achilleic Acid)

4. Acrylic Acid-Octyl Acrylate Copolymer 5. Albumin Colloidal 6. Aliphatic Polyesters

7. Allantoin-Sodium Pyrrolidone Carboxyl-
ate

8. Aluminum Ammonium Sulfate 9. Aluminum Lactate

10. Aluminum Oxide 11. Aluminum Potassium Sulfate 12. Aluminum Silicate

13. Aluminum Sodium Sulfate 14. Aluminum Stearate 15. Ammonium Bicarbonate

16. Ammonium Calcium Alginate 17. Ammonium Phosphate 18. Batylalcohol Monostearate

19. Beeswax, Synthetic 20. Benzododecinium Bromide 21. Benzyl Chloride

22. Benzyl Nicotinate 23. Beta Naphthol 24. Brominated Vegetable Oil

25. Butadiene- Styrene Rubber 26. Butylated Hydromethylphenol 27. Butylene Glycol

28. Butylphthalyl Butylglycolate 29. Calcium Acid Pyrophosphate 30. Calcium Alginate

31. Calcium Alginate and Ammonium Algi-
nate

32. Calcium Bromide 33. Calcium Chloride Solution

34. Calcium Phosphate Monobasic 35. Calcium Propionate 36. Calcium Pyrophosphate

37. Calcium Sorbate 38. Calcium Stearoyl Lactylate 39. Caldiamide Sodium

40. Calteridol Calcium 41. Capric Acid 42. Caprylic/Capric Diglyceryl Succinate

43. Carbon 44. Carboxymethyl Starch 45. Carboxymethylamylopectin Sodium

46. Carboxymethylcellulose Potassium 47. Cetostearyl Isononanoate 48. Chlorodifluoroethane

49. Cholic Acid 50. Cinnamaldehyde 51. Cocamide Diethanolamine

52. Cocamide Oxide 53. Cocoyl Caprylocaprate 54. Crystal Gum

55. Cutina 56. Cystine 57. Dammar Gum

58. Decanoic Acid 59. Decyl Oleate 60. Desoxycholic Acid

61. Dextrin Palmitate 62. Dextrins Modified 63. Diacetyl Tartaric Acid Esters of Mono-
and Digoycerides

64. Dicetyl Phosphate 65. Dichlorofluoromethane 66. Diethyl Sebacate

67. Difluoroethane 68. Diglycol Stearate 69. Diisobutyl Adipate

70. Diisopropyl Adipate 71. Diisopropylbenzothiazyl-2-Sulfenamide 72. Dilauryl Thiodipropionate

73. Dimethyl Dicarbonate 74. Dimyristoyl Lecithin 75. Dimyristoyl Phosphatidylglycerol
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Black plate (538,1)

Excipients—As of February 20, 2008 (Continued)

76. Dipropylene Glycol 77. Disodium Edisylate 78. Disodium Guanylate

79. Disodium Inosinate 80. Disodium Monooleamide Sulfasucci-
nate

81. D-Mannose

82. Docusate Sodium/Sodium Benzoate 83. Erythrosine 84. Ethoxylated Mono- and Diglycerides

85. Ethoxyquin 86. Ethyl Hexanediol 87. Ethyl Linoleate

88. Ethyl Maltol 89. Ethylene Dichloride 90. Ethylurea

91. Ferric Ammonium Citrate 92. Ferric Citrate 93. Ferric Oxide, Brown

94. Ferric Phosphate 95. Ferric Pyrophosphate 96. Ferrous Citrate

97. Ferrous Glycinate 98. Ferrous Lactate 99. Fluorochlorohydrocarbons

100. Formic Acid 101. Furcelleran 102. Gentistic Acid

103. Geraniol 104. Glutamic Acid Hydrochloride 105. Gluten

106. Glycerol Ester of Gum Rosin (Ester
Gum)

107. Glyceryl Laurate 108. Glyceryl Palmitate

109. Glyceryl Ricinoleate 110. Glyceryl Tristearate 111. Glycine Hydrochloride

112. Glycofurol 113. Glycol Stearate 114. Heptafluoropropane

115. Heptylparaben 116. Hexadecyl Isostearate 117. Hexane

118. Hexanetriol(-1,2,6-) 119. Hydrocarbon Gel 120. Hydroxyethylmethylcellulose

121. Hydroxylated Lecithin 122. Indigotine 123. Iron Carbonyl

124. Iron Subcarbonate 125. Isobutylated-Isoprene Copolymer 126. Isooctylacrylate

127. Isopropyl Isostearate 128. Isopropyl Stearate 129. Isostearic Acid

130. Isostearyl Alcohol 131. Lactobionic Acid 132. Lactose Ferrin, Bovine

133. Lactylated Fatty Acid Esters of Glycer-
ol and Propylene Glycol

134. Lactylic Esters of Fatty Acids 135. Lanolin (Wool Fat), Hydrogenated

136. Lanolin Alcohols, Acetylated 137. Lanolin Hydrous 138. L-Ascorbyl Stearate

139. Lauramine Oxide 140. Lauric Myristic Diethanolamide 141. Lauric Acid

142. Lauric Diethanolamide 143. Lavender Oil 144. L-Cysteine Monohydrochloride

145. Lecithin, Hydroxylated 146. L-Glutamic Acid 147. Linoleic Acid
(Received)

148. L-Leucine 149. Macrogol Sorbitan Tristearate 150. Macrogolglycerol Cocoates

151. Macrogolglycerol Triisostearate 152. Magnesium Aluminum Silicate Hy-
drate

153. Magnesium Aspartame Dihydrate

154. Magnesium Aspartate 155. Magnesium Phosphate Tribasic 156. Magnesium Phosphate, Diabasic, Trihy-
drate

157. Magnesium Tartrate 158. Malt Syrup 159. Maltitol Syrup

160. Maltol Isobutyrate 161. Manganese Chloride 162. Manganese Citrate

163. Manganese Glycerophosphate 164. Manganese Hypophosphite 165. Medical Antifoam Emulsion C

166. Medronate Disodium 167. Medronic Acid 168. Methyl Chloride

169. Methylchloroisothiazolinone 170. Methylisothiazolinone 171. Microcrystalline Cellulose, Silicified
(Received)

172. Mineral Spirits 173. Monoisostearyl Glyceryl Ester 174. Monopotassium Glutamate Monohy-
drate

175. Monosodium Citrate 176. Mullein Leaf 177. Myristyl Gamma-Picolinium Chloride

178. Myristyl Lactate 179. N,N-Bis(2-Hydroxyethyl)stearamide 180. N-Acetyl-L-Methionine

181. Naphtha 182. N-Methylpyrrolidone
(Received)

183. Non-Pareil Seeds

184. Nutmeg Oil 185. Octanoic Acid 186. Oxystearin

187. Palm Kernel Oil
(Received)

188. Pentasodium Triphosphate 189. Pentetate Calcium Trisodium

190. Pentetate Pentasodium 191. Phenprobamate 192. Phenylmercuric Acetate

193. Phenylmercuric Nitrate 194. Pine Oil 195. Polacrilin

196. Polyglycerol Esters of Fatty Acids 197. Polyglycerol Polyricinoleic Acid 198. Polyoxyethylene Castor Oil (USP has
35)

199. Polyoxyl Stearate (USP has 40) 200. Polypropylene Oleate 201. Polypropylene Stearyl Ether

202. Polysorbate 65 203. Polyvinylacetal Diethylanoacetate 204. Polyvinylpolypyrrolidone

205. Polyvinylpyrrolidone Ethylcellulose 206. Potassium Acid Tartrate 207. Potassium Bromate

208. Potassium Carbonate Solution 209. Potassium Dichloroisocyanurate 210. Potassium Gibberellate

211. Potassium Glycerophospate 212. Potassium Iodate 213. Potassium Nitrite

214. Potassium Phosphate 215. Potassium Phosphate Tribasic 216. Potassium Polymetaphosphate

217. Potassium Pyrophosphate 218. Potassium Stearate 219. Potassium Sulfate

220. Potassium Sulfite 221. Potassium Tripolyphosphate 222. Propyl Propionate
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Black plate (539,1)

Excipients—As of February 20, 2008 (Continued)

223. Propylene Glycol Diacetate 224. Propylene Glycol Mono- and Diesters 225. Rice Bran Wax

226. Rosin 227. Silicone 228. Sodium Acid Pyrophosphate

229. Sodium Aluminosilicate
(Received)

230. Sodium Aluminum Phosphate Acidic 231. Sodium Aluminum Phosphate Basic

232. Sodium Aspartate 233. Sodium Bisulfate 234. Sodium Bisulfite

235. Sodium Carbonate Hydrate 236. Sodium Carboxymethyl Betaglucan 237. Sodium Caseinate

238. Sodium Chlorate 239. Sodium Citrate, Dibasic 240. Sodium Citrate, Monobasic

241. Sodium Dehydroacetate 242. Sodium Diacetate 243. Sodium Erythorbate

244. Sodium Ferric Pyrophosphate 245. Sodium Ferrocyanide 246. Sodium Hypophosphite
(Received)

247. Sodium Laureth Sulfate 248. Sodium Lauroyl Sarcosinate 249. Sodium Lauryl Sulfoacetate

250. Sodium Magnesium Aluminosilicate 251. Sodium Magnesium Silicate 252. Sodium Malate

253. Sodium Metaphosphate, Insoluble 254. Sodium Metasilicate 255. Sodium Methylate

256. Sodium Polyphosphates Glassy 257. Sodium Potassium Tripolyphosphate 258. Sodium Pyrophosphate

259. Sodium Pyrrolidone Carboxylate 260. Sodium Sesquicarbonate 261. Sodium Sesquinoleate

262. Sodium Stearoyl Lactylate 263. Sodium Thiomalate 264. Sodium Trimetaphosphate

265. Sodium Trioleate 266. Sodium Tripolyphosphate 267. Soy Polysaccharides

268. Stannous Tartrate 269. Starch, Pregelatinized Corn 270. Starch, Pregelatinized Tapioca

271. Stearalkonium Chloride 272. Stearyl Citrate 273. Stearyl Monoglyceridyl Citrate

274. Succinylated Monoglycerides 275. Sucrose Acetate Isobutyrate 276. Sucrose Fatty Acid Esters

277. Sucrose Stearate 278. Sugar Fruit Fine 279. Sulfobutyl Ether Beta Cyclodextran

280. Tallow 281. Tallow Glycerides 282. Tallow Oil

283. Tetrafluoroethane 284. Thioglycerol 285. Thyme Oil

286. Tribehenin 287. Triceteareth-4-phosphate 288. Trichloroethylene

289. Trimyristin 290. Trisodium Citrate 291. Trolamine Lauryl Sulfate

292. Vegetable Oil 293. Wheat Flour 294. Wheat Germ Oil

295. Wheat Gluten
(Received)

296. Whey
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Black plate (541,1)

INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Standards
� New adopted (official) revisions to the USP–NF that become effective before the effective date of the next Supplement or that

were not ready for adoption by the closing date for the upcoming Supplement. (The effective date for these revisions is stated on the

next page.)

Readers should review this section to determine if they are affected by any of the changes.

Symbols—Interim revisions are shown with new text (if any) enclosed in circles, .new text.. Text enclosed in squares,
&new text&,

has already been adopted in a Supplement. Where the symbols appear together with no enclosed text, such as . . or
&

&, it means that

text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is accompanied by a number

that indicates the IRA or Supplement in which the revision first appeared. For example, .2 indicates that the revision was officially

adopted in the Second Interim Revision Announcement, and &2S (USP29) indicates that the revision was officially adopted in the Second

Supplement to USP 29.

Errata—At the end of the Interim Revision Announcement section is a list of errata and corrections to USP 30–NF 25. The page

number indicates where the item is found in USP–NF. If necessary, this list will be updated with every issue of PF. This information

will also be cumulative in future Supplements, and will appear in its corrected form in the next annual edition of USP–NF. Errata are

considered to be items erroneously published that have not received the approval of the Council of Experts and that do not reflect the

official requirement.
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Black plate (542,1)

INTERIM REVISION ANNOUNCEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 541
MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545

Alendronate Sodium Tablets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545
Cefotetan Disodium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545
Cefotetan for Injection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride Extended-Release Tablets . . . . . . . . . . . . . . . . 546
Indium In 111 Chloride Solution (1st Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547
Meloxicam Tablets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547
Nystatin Oral Suspension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547
Pantoprazole Sodium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547
Pantoprazole Sodium Delayed-Release Tablets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 549

GENERAL TEST CHAPTERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 553
h11i USP Reference Standards (1st Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 553

REFERENCE TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 553
Description and Solubility (1st Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 553

ERRATA LIST FOR USP 31–NF 26 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 554
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Black plate (543,1)

INTERIM REVISION
ANNOUNCEMENT

to USP 31 and to NF 26

By authority of the United States Pharmacopeial Convention, Inc.
Prepared by the Council of Experts and published by the Board of Trustees

John W. Mauger, Chair
USP Board of Trustees

Roger L. Williams, Executive Vice President, CEO,
and Chairman, USP Council of Experts

Darrell R. Abernethy, M.D., Ph.D., Chief Science Officer
William F. Koch, M.D., Ph.D., Chief Reference Materials Officer

Released May 1, 2008 Official June 1, 2008

All inquiries and comments regarding USP 31 text and NF 26 text should be addressed to the Executive Secretariat, USP–NF,

12601 Twinbrook Parkway, Rockville, MD 20852.
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Black plate (544,1)

New USP Reference Standards

The following USP Reference Standards, which were not

available when the associated monograph was made official,

have since become available. The respective official date of

each USP 31 or NF 26 standard, test, or assay requiring the

use of the following USP Reference Standards is indicated

in parentheses after the name of the Reference Standard.

USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute Reference Photomicrographs RS (March 1, 2008)

USP Ginkgo Terpene Lactones RS (March 1, 2008)
USP Glyceryl Monooleate RS (March 1, 2008)
USP Diluted Isosorbide Mononitrate RS (May 1, 2008)
USP Isosorbide Mononitrate Related Compound A RS (March 1,

2008)
USP Mibolerone (Nov. 1, 2008)
USP Narasin (Nov. 1, 2008)
USP Near IR System Suitability RS (May 1, 2008)
USP Powdered St. John’s Wort Extract (Nov. 1, 2008)
USP Human Fibroblast-Derived Temporary Skin Substitute

Reference Photomicrographs RS (March 1, 2008)
USP D9-Tetrahydrocannabinol RS (May 1, 2008)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 31 or NF 26 standards, tests,

or assays requiring the use of the following new USP Refer-

ence Standards are postponed until further notice pending

availability of the respective Reference Standards. This listing

was updated as of March 14, 2008.

USP Actein RS
USP S-Adenosyl-L-homocysteine RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP 23-Epi-26-deoxyactein RS
USP Eucatropine Hydrochloride RS
USP Fludeoxyglucose Related Compound B RS
USP Flumazenil Related Compound C RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Alpha Lipoic Acid RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Oleyl Oleate RS
USP Propylene Glycol Dilaurate RS
USP Pyrethrum Extract RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin RS
USP Valrubicin Related Compound A RS
USP Vasopressin RS
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Black plate (545,1)

MONOGRAPHS (USP)

Change to read:

.Alendronate Sodium Tablets.1

Delete the following:

.(Title for this new monograph—to become official May 1, 2008).1

Change to read:

Labeling—The labeling indicates weekly dosing where appropriate.
.When more than one Dissolution test is given, the labeling states
the test used only if Test 1 is not used..3

Change to read:

Dissolution h711i—
.TEST 1—.3
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Time: 15 minutes.
Determine the amount of C4H13NO7P2 dissolved by employing the

following method.
Buffer solution and Mobile phase—Prepare as directed in the

Assay.
0.05% 9-Fluorenylmethyl chloroformate solution—Transfer 100

mg of 9-fluorenylmethyl chloroformate to a 200-mL volumetric
flask, dilute with acetonitrile to volume, and mix. Prepare this
solution fresh.
Borate buffer—Dissolve 6.2 g of boric acid in approximately 950

mL of water, adjust with 1N sodium hydroxide to a pH of 9.0, and
dilute with water to 1 L.
Diluent—Transfer 176.4 g of sodium citrate dihydrate to a 1000-

mL volumetric flask, dissolve in and dilute with Medium to volume,
and mix.
Standard stock solution—Dissolve an accurately weighed quantity

of USPAlendronate Sodium RS inMedium, and dilute quantitatively
and stepwise with the same solvent to obtain a solution having a
known concentration corresponding to the concentration that would
be obtained by dissolving 1 Tablet in 900 mL of the same Medium.
Calculate the concentration, C, in mg per mL, of anhydrous
alendronate sodium in this solution.
Standard solution—Transfer 5.0 mL of the Standard stock

solution to a 50-mL polypropylene screw-cap centrifuge tube
containing 1.0 mL of Diluent and 5.0 mL of Borate buffer, and
mix for about 3 minutes. Add 4.0 mL of 0.05% 9-Fluorenylmethyl
chloroformate solution, and agitate for about 30 seconds. Allow the
solution to stand at room temperature for 25 minutes. Add 25 mL of
methylene chloride, and agitate for about 40 seconds. Centrifuge the
mixture for 5 minutes. Use a portion of the clear upper aqueous
layer.
Reagent blank—Using 5 mL of water, proceed as directed for

Standard solution, beginning with ‘‘to a 50-mL polypropylene
screw-cap centrifuge tube.’’
Test solution—After 15 minutes, withdraw a portion of the

solution under test, and centrifuge immediately. Using 5.0 mL of the
clear supernatant, proceed as directed for Standard solution,
beginning with ‘‘to a 50-mL polypropylene screw-cap centrifuge
tube.’’

Chromatographic system (see Chromatography h621i)—Proceed
as directed in the Assay. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the capacity
factor, k’, is not less than 2.0; and the relative standard deviation for
replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution, the Test solution, and the Reagent blank into the
chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of
alendronic acid (C4H13NO7P2) dissolved by the formula:

827.1C(rU / rS)

in which C is defined under the Standard stock solution; and rU and
rS are the peak areas obtained from the Test solution and the
Standard solution, respectively. [NOTE—827.1 is the molecular
weight conversion factor (C4H13NO7P2 / C4H12NNaO7P2) multiplied
by the volume of the Medium (900 mL).]
Tolerances—Not less than 80% (Q) of the labeled amount of

alendronic acid (C4H13NO7P2) is dissolved in 15 minutes. Tablets
labeled for weekly dosing: not less than 75% (Q) of the labeled
amount of alendronic acid (C4H13NO7P2) is dissolved in 15 minutes.

.TEST 2—If the product complies with this test, the labeling
indicates that the product meets USP Dissolution Test 2.
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Determine the amount of C4H12NNaO7P2 � 3H2O dissolved as

directed in the Assay.
Tolerances—Not less than 80% (Q) of the labeled amount of

alendronate sodium (C4H12NNaO7P2 � 3H2O) is dissolved in 30
minutes..3

Cefotetan Disodium

Change to read:

Water, Method Ic h921i: not more than .2.5%..3

Cefotetan for Injection

Add the following:

.Water, Method Ic h921i: not more than 2.8%..3

Change to read:

Other requirements—It responds to the Identification tests and
meets the requirements for pH .

.3 under Cefotetan Disodium. It also
meets the requirements for Uniformity of Dosage Units h905i and for
Labeling under Injections h1i.
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Black plate (546,1)

Fexofenadine Hydrochloride and
Pseudoephedrine Hydrochloride
Extended-Release Tablets

Add the following:

.Labeling—When more than one Dissolution test is given, the
labeling states the test used only if Test 1 is not used..3

Change to read:

Dissolution h711i—
.TEST 1—.3
Medium: 0.001N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Times: fexofenadine hydrochloride: 15 and 45 minutes; pseu-

doephedrine hydrochloride: 45 minutes; 3, 5, and 12 hours.
Determine the percentages of the labeled amounts of fexofenadine

hydrochloride (C32H39NO4 �HCl) and of pseudoephedrine hydrochlo-
ride (C10H15NO �HCl) dissolved by using the following method.
Buffer solution—Dissolve 14.0 g of monobasic sodium phosphate

monohydrate in 2 L of water. Adjust with 85% phosphoric acid to a
pH of 2.00+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and acetonitrile (55 : 45). Make adjustments if necessary
(see System suitability under Chromatography h621i).
Standard solution—[NOTE—A small amount of methanol, not to

exceed 0.5% of the total volume, can be used to dissolve the
fexofenadine hydrochloride.] Dissolve accurately weighed quantities
of USP Fexofenadine Hydrochloride RS and USP Pseudoephedrine
Hydrochloride RS inMedium, and dilute quantitatively, and stepwise
if necessary, to obtain a solution containing known concentrations
similar to those expected in the solution under test.
Test solution—Use portions of the solution under test passed

through a 0.45-mm nylon filter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 210-nm detector and a
4.6-mm 6 25-cm column containing packing L6. The flow rate is
about 1.0 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the resolution,
R, between fexofenadine and pseudoephedrine is not less than 3.0;
the tailing factor is not more than 1.5 for fexofenadine and for
pseudoephedrine; and the relative standard deviation for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph, and
record the peak responses for fexofenadine and pseudoephedrine.
Calculate the amounts of fexofenadine hydrochloride
(C32H39NO4 �HCl) and pseudoephedrine hydrochlor ide
(C10H15NO �HCl) dissolved.
Tolerances—For fexofenadine hydrochloride (C32H39NO4 �HCl),

not less than 65% (Q) of the labeled amount is dissolved in 15
minutes and not less than 80% (Q) of the labeled amount is dissolved
in 45 minutes; the percentages of the labeled amount of
pseudoephedrine hydrochloride (C10H15NO �HCl) dissolved at the
times specified conform to Acceptance Table 2 under Dissolution
h711i.

Time
Amount dissolved

(average)
45 minutes not more than 36%
3 hours between 45% and 69%
5 hours between 61% and 80%
12 hours not less than 80%

.TEST 2—If the product complies with this test, the labeling
indicates that the product meets USP Dissolution Test 2.
Medium: 0.001N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.

Times: fexofenadine hydrochloride: 45 minutes; pseudoephed-
rine hydrochloride: 30 minutes; 2, 4, and 12 hours.
Determine the percentages of the labeled amounts of fexofenadine

hydrochloride (C32H39NO4 �HCl) and of pseudoephedrine hydrochlo-
ride (C10H15NO �HCl) dissolved by using the following method.
Buffer solution—Dissolve about 2.7 g of monobasic potassium

phosphate and 2.2 g of sodium 1-octanesulfonate in 1000 mL of
water. Adjust with phosphoric acid to a pH of 2.50+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution, methanol, and acetonitrile (4 : 3 : 3). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Fexofenadine standard stock solution—Transfer about 66 mg,

accurately weighed, of USP Fexofenadine Hydrochloride RS to a
100-mL volumetric flask. Add 10 mL of methanol, and swirl until
dissolved. Add about 50 mL ofMedium, and mix. Allow the solution
to equilibrate to room temperature, and dilute with Medium to
volume.
Pseudoephedrine standard stock solution—Transfer about 66 mg,

accurately weighed, of USP Pseudoephedrine Hydrochloride RS to a
100-mL volumetric flask. Add 10 mL of methanol, and swirl until
dissolved. Add about 50 mL ofMedium, and mix. Allow the solution
to equilibrate to room temperature, and dilute with Medium to
volume.
Working standard solution—Transfer 10.0 mL of Fexofenadine

standard stock solution and 20.0 mL of Pseudoephedrine standard
stock solution to a 100-mL volumetric flask, dilute with Medium to
volume, and mix.
Test solution—Pass a portion of the solution under test through a

suitable filter having a porosity of 0.45 mm.
Chromatographic system—The liquid chromatograph is equipped

with a 215-nm detector and a 4.6-mm 6 25-cm column containing
5-mm packing L7. The flow rate is about 1.5 mL per minute.
Chromatograph the Working standard solution, and record the peak
responses as directed for Procedure: the resolution, R, between
fexofenadine and pseudoephedrine is not less than 2.0; the tailing
factor for the fexofenadine peak is not more than 2.0, and for the
pseudoephedrine peak, not more than 2.5; and the relative standard
deviation for replicate injections for both peaks is not more than
2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Working standard solution and the Test solution into the chromat-
ograph, and record the peak responses for fexofenadine and
pseudoephedrine. Calculate the amounts of fexofenadine hydrochlo-
ride (C32H39NO4 �HCl) and pseudoephedrine hydrochloride
(C10H15NO �HCl) dissolved.
Tolerances—For fexofenadine hydrochloride (C32H39NO4 �HCl),

not less than 80% (Q) of the labeled amount is dissolved in 45
minutes; and the percentages of the labeled amount of pseudoe-
phedrine hydrochloride (C10H15NO �HCl) dissolved at the times
specified conform to Acceptance Table 2 under Dissolution h711i.

Time
Amount dissolved

(average)
30 minutes not more than 35%
2 hours between 38% and 58%
4 hours between 56% and 76%
12 hours not less than 80%
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Black plate (547,1)

Indium In 111 Chloride Solution

Change to read:

Radiochemical purity—
.Adsorbent: instant thin-layer chromatography (ITLC) strips

(2.5 cm 6 10 cm).1

Test solution—Dispense about 50 mL of Solution into 1 mL of
0.05M hydrochloric acid, taking care to use polypropylene tips
prewashed in 0.05M hydrochloric acid for all dispensings.
Application volume: 2 mL. The amount of 111In spotted should be

between 0.5 mCi and 30 mCi as of the day of the test.
Developing solvent system: a mixture of a 1 in 10 solution of

ammonium acetate and methanol (1 : 1).
Procedure—Proceed as directed for Thin-Layer Chromatography

under Chromatography h621i. Examine the plate with an appropriate
scanner, and determine the percentage of radiochemical purity of the
Test solution. The indium chloride will remain at the origin. Not less
than 95% of indium is present as ionic indium..3

Meloxicam Tablets

Add the following:

.Dissolution h711i—
Medium: pH 7.5 phosphate buffer (prepared by dissolving

6.81 g of potassium dihydrogen phosphate in 800 mL of water,
adjusting the pH to 7.5 with 0.5N sodium hydroxide, and diluting
with water to 1 L); 900 mL.
Apparatus 2: 75 rpm.
Time: 30 minutes.
Determine the amount of meloxicam dissolved by employing the

following method.
Standard solution—
FOR TABLETS LABELED TO CONTAIN 7.5 MG—Transfer about 33.3 mg

of USP Meloxicam RS, accurately weighed, to a 100-mL volumetric
flask. Add 5.0 mL of methanol, 1.0 mL of 0.1N sodium hydroxide,
dilute with Medium to volume, and mix. Transfer 5.0 mL to a 100-
mL volumetric flask, dilute with Medium to volume, and mix.
Transfer 25.0 mL of the resulting solution to a 50-mL volumetric
flask, dilute with Medium to volume, and mix.

FOR TABLETS LABELED TO CONTAIN 15 MG—Transfer about 33.3 mg
of USP Meloxicam RS, accurately weighed, to a 100-mL volumetric
flask. Add 5.0 mL of methanol, 1.0 mL of 0.1N sodium hydroxide,
dilute with Medium to volume, and mix. Transfer 5.0 mL to a 1000-
mL volumetric flask, dilute with Medium to volume, and mix.
Test solution—Use portions of the solution under test passed

through a suitable 10-mm filter, discarding the first few mL.
Procedure—Determine the percentage of the labeled amount of

meloxicam dissolved by employing UV absorption, using a suitable
spectrophotometer, at the wavelength of maximum absorbance at
about 362 nm, using 1-cm cuvettes, on the Test solution in
comparison with the Standard solution using Medium as blank.
Calculate the percentage of meloxicam dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test
solution and the Standard solution, respectively; CS is the
concentration, in mg per mL, of the Standard solution; 900 is the

volume, in mL, of Medium; 100 is the conversion factor to
percentage; and LC is the Tablet label claim, in mg.
Tolerances—Not less than 70% (Q) of the labeled amount of

meloxicam is dissolved in 30 minutes..3

Nystatin Oral Suspension

Change to read:

Uniformity of dosage units h905i—
FOR SUSPENSION PACKAGED IN SINGLE-UNIT CONTAINERS: meets

the requirements. ..3
Procedure for content uniformity—[NOTE—Use low-actinic glass-

ware. The correction factor, F, calculated as directed in section (4) of
Content Uniformity under Uniformity of Dosage Units h905i, is
invalid if the value obtained by the formula in the second sentence is
greater than 25; follow sections (5) and (6), except to substitute
0.750 for 0.900.] Transfer the well-shaken contents of 1 container of
Oral Suspension to a 100-mL volumetric flask, dissolve in and dilute
with methanol to volume, and mix. Dilute an accurately measured
volume of this solution quantitatively, and stepwise if necessary,
with methanol to obtain a test solution containing about 25 USP
Nystatin Units per mL. Similarly, prepare a Standard solution of USP
Nystatin RS in methanol having a known concentration of about 25
USP Nystatin Units per mL. Concomitantly determine the
absorbances of the test solution and the Standard solution at the
wavelength of maximum absorbance at about 304 nm with a suitable
spectrophotometer, using methanol as the blank. Calculate the
quantity, in USP Nystatin Units, in the container taken by the
formula:

(CL/D)(AU /AS)

in which C is the concentration, in USP Nystatin Units per mL, of
the Standard solution; L is the labeled quantity, in USP Nystatin
Units, in the container; D is the concentration, in USP Nystatin
Units, in the test solution, on the basis of the labeled quantity in the
container and the extent of dilution; and AU and AS are the
absorbances of the test solution and the Standard solution,
respectively.

Add the following:

.Pantoprazole Sodium

C16H14F2N3NaO4S � 1.5H2O 432.37
1H-Benzimidazole, 5-(difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyri-

dyl)methyl]sulfinyl]-, sodium salt, hydrate (2 : 3).
5-(Difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridyl)methyl]sulfinyl]-

benzimidazole, sodium salt, sesquihydrate [164579-32-2].

» Pantoprazole Sodium contains not less than 98.0
percent and not more than 102.0 percent of
C16H14F2N3NaO4S, calculated on the anhydrous basis.

1 Type SG impregnated glass microfiber sheet (Gelman Sciences, Ann Arbor,
MI).
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Packaging and storage—Preserve in well-closed, light-resistant
containers. Store at room temperature.

Labeling—If a test for Related compounds other than Test 1 is used,
then the labeling states the test with which the article complies.
USP Reference standards h11i—USP Pantoprazole Sodium RS.
USP Pantoprazole Related Compound A RS. USP Pantoprazole
Related Compound B RS. USP Pantoprazole Related Compound C
RS. USP Pantoprazole Related Compound D and F Mixture RS.
USP Pantoprazole Related Compound E RS.
Identification—
A: Infrared Absorption h197Ki.
B: The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromatogram of
the Standard preparation, as obtained in the Assay.
C: It meets the requirements of the pyroantimonate precipitate

test for Sodium h191i.
Water, Method I h921i: between 5.0% and 8.0%.
Heavy metals, Method II h231i: not more than 0.002%.
Related compounds—[NOTE—On the basis of the synthetic route,
perform either Test 1 or Test 2. Test 2 is recommended when
impurities C, D, E, and F are potential related compounds.]

TEST 1—[NOTE—Protect all solutions from light, and use amber
autosampler vials and low-actinic glassware.]
Diluent, Mobile phase, System suitability preparation, and

Chromatographic system—Proceed as directed in the Assay.
Standard solution—Transfer about 20 mg of USP Pantoprazole

Sodium RS, accurately weighed, to a 50-mL volumetric flask,
dissolve in 5 to 10 mL of a mixture of acetonitrile and water (1 : 1),
and dilute with Diluent to volume. Further dilute with Diluent
quantitatively, and stepwise if necessary, to obtain a solution having
a known concentration of about 0.0004 mg per mL.
Test solution—Transfer about 20 mg of Pantoprazole Sodium,

accurately weighed, to a 50-mL volumetric flask, dissolve in 5 to 10
mL of a mixture of acetonitrile and water (1 : 1), dilute with Diluent
to volume, and mix.
Chromatographic system (see Chromatography h621i)—Prepare

as directed in the Assay. Chromatograph the System suitability
preparation, and record the peak responses as directed for
Procedure. Identify the components on the basis of their relative
retention times (Table 1): the resolution, R, between the pantoprazole
related compound A and pantoprazole peaks is not less than 10.0.

Table 1

Name

Relative
Retention
Time

Limit
(%)

Pantoprazole related compound A1 0.52 0.20
Pantoprazole sodium 1.0 N/A
Pantoprazole related compound B2 1.7 0.15
Any other individual impurity — 0.10
Total impurities — 0.5

1 5-(Difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridyl)methyl]sulfonyl]-1H-
benzimidazole.
2 5-(Difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridyl)methyl]thio]-1H-benz-
imidazole.

Procedure—Separately inject equal volumes (about 20 mL) of the
Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of each impurity in the portion of
Pantoprazole Sodium taken by the formula:

100(CS /CT)(ri / rS)

in which CS and CT are the concentrations, in mg per mL, of
pantoprazole sodium in the Standard solution and the Test solution,
respectively; ri is the peak response of each impurity obtained from

the Test solution; and rS is the pantoprazole peak response obtained
from the Standard solution. The reporting level for impurities is
0.05%.

TEST 2—
Diluent—Prepare a mixture of acetonitrile and 0.001N sodium

hydroxide solution (50 : 50).
Standard solution—Dissolve an accurately weighed quantity of

USP Pantoprazole Sodium RS in Diluent, and dilute quantitatively to
obtain a solution having a known concentration of about 0.03 mg per
mL.
Test solution—Prepare a solution of Pantoprazole Sodium in

Diluent having a known concentration of about 0.46 mg per mL.
System suitability solution—Dissolve suitable amounts of USP

Pantoprazole Sodium RS, USP Pantoprazole Related Compound A
RS, USP Pantoprazole Related Compound B RS, USP Pantoprazole
Related Compound C RS, USP Pantoprazole Related Compound D
and F Mixture RS, and USP Pantoprazole Related Compound E RS
in Diluent to obtain a solution containing about 0.46 mg of
pantoprazole sodium per mL and about 1.3 mg of each of Related
compounds A, B, C, and E per mL, and about 1.3 mg of the D and F
mixture per mL.
Solution A—Prepare a solution of dibasic potassium phosphate

(1.74 g/L) adjusted with a solution of phosphoric acid (330 g/L) to a
pH of 7.00+ 0.05.
Solution B—Use acetonitrile.
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed below for Chromatographic system. Make adjustments
as necessary (see System Suitability under Chromatography h621i).
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with either a programmable
variable wavelength detector or two separate detectors capable of
monitoring at 290 nm and at 305 nm, and a 4-mm 6 12.5-cm
column that contains 5-mm packing L1.The column temperature is
maintained at 408. The flow rate is about 1.0 mL per minute. The
chromatograph is programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–40 80?20 20?80 linear gradient
40–45 20?80 80?20 linear gradient
45–55 80 20 re-equilibration

Chromatograph the System suitability solution, and record the peak
responses at 290 nm as directed for Procedure. Identify the
components based on relative retention times (Table 2): the
resolution, R, between pantoprazole related compound E and
pantoprazole related compounds D and F is not less than 1.5.
Chromatograph the Standard solution at 290 nm, and record the
peak responses as directed for Procedure: the tailing factor is not
more than 2; and the relative standard deviation for replicate
injections is not more than 5.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms at 290 nm and 305 nm, and measure the
responses for the major peaks. [NOTE—Pantoprazole related
compound C is monitored using a wavelength of 305 nm, and all
other compounds are monitored at 290 nm.] Calculate the percentage
of each impurity in the portion of Pantoprazole Sodium taken by the
formula:

100 (1 /F)(CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL of pantoprazole
sodium in the Standard solution; CU is the concentration, in mg per
mL of Pantoprazole Sodium in the Test solution; F is the response
factor of an individual pantoprazole related compound relative to the
response of pantoprazole sodium (Table 2); ri is the peak response
of each impurity obtained from the Test solution; and rS is the
pantoprazole peak response obtained from the Standard solution.
The reporting level for impurities is 0.05%.
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Table 2

Impurity Name

Relative
Retention
Time

Relative
Response
Factor (F)

Limit
(%)

Related compound A 0.9 1.0 0.20
Related compound B 1.5 1.0 0.15
Related compound C1 0.6 3.3 0.10*
Related compounds D2

and F4
1.2 1.0 0.20**

Related compound E3 1.3 1.0 0.10
Any other individual
impurity

— 0.10

Total impurities — 0.5

1 5-(Difluoromethoxy)-1H-benzimidazole-2-thiol.
2 5-(Difluoromethoxy)-2-[(RS)-[(3,4-dimethoxypyridin-2-yl)methyl]sulfinyl]-
1-methyl-1H-benzimidazole.
3 Mixture of the stereoisomers of 6,6’-bis(difluoromethoxy)-2,2’-bis[[(3,4-
dimethoxypyridin-2-yl)methyl]sulfinyl]-1H,1’H-5,5’-bibenzimidazolyl.
4 6-(Difluoromethoxy)-2-[(RS)-[(3,4-dimethoxypyridin-2-yl)methyl]sulfinyl]-
1-methyl-1H-benzimidazole.
* At 305 nm.
** Impurities D and F are not fully resolved and should be integrated together.

Assay—[NOTE—Protect all solutions from light, and use amber
autosampler vials and low-actinic glassware.]
Ammonium phosphate buffer—Dissolve 1.32 g of dibasic ammo-

nium phosphate in 1000 mL of water. Adjust with phosphoric acid to
a pH of 7.5.
Acetonitrile–methanol mixture—Prepare a mixture of acetonitrile

and methanol (7 : 3).
Solution A—Use a filtered and degassed mixture of Ammonium

phosphate buffer and Acetonitrile–methanol mixture (85 : 15).
Solution B—Use Acetonitrile–methanol mixture.
Diluent—Transfer 25 mL of ammonium hydroxide to a suitable

container, and dilute with water to 500 mL.
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
System suitability preparation—Dissolve suitable amounts of USP

Pantoprazole Sodium RS, USP Pantoprazole Related Compound A
RS, and USP Pantoprazole Related Compound B RS in a mixture of
acetonitrile and water (1 : 1) to obtain a solution having about 0.5 mg
of each component per mL. Transfer 1 mL of this solution to a
100-mL volumetric flask, and dilute with Diluent to volume.
Standard preparation—Transfer about 20 mg of USP Pantopra-

zole Sodium RS, accurately weighed, to a 50-mL volumetric flask,
dissolve in 5 to 10 mL of a mixture of acetonitrile and water (1 : 1),
and dilute with Diluent to volume. Further dilute with Diluent
quantitatively, and stepwise if necessary, to obtain a solution having
a known concentration of about 0.06 mg per mL.
Assay preparation—Transfer about 20 mg of Pantoprazole

Sodium, accurately weighed, to a 50-mL volumetric flask, dissolve
in 5 to 10 mL of a mixture of acetonitrile and water (1 : 1), and dilute
with Diluent to volume. Further dilute with Diluent quantitatively,
and stepwise if necessary, to obtain a solution having a known
concentration of about 0.06 mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 285-nm detector and
3.9-mm 6 15-cm column that contains 4-mm packing L1. The flow
rate is about 1 mL per minute. The column temperature is maintained
at 308, and the autosampler temperature is maintained at 48. The
chromatograph is programmed as follows:

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–10 86 14 isocratic
10–35 86?42 14?58 linear gradient
35–36 42?86 58?14 linear gradient
36–46 86 14 re-equilibration

Chromatograph the System suitability preparation, and record the
peak responses as directed for Procedure. Identify the components
based on their relative retention times (Table 1): the resolution, R,

between the pantoprazole related compound A and pantoprazole
peaks is not less than 10.0. Chromatograph the Standard
preparation, and record the peak responses as directed for
Procedure: the relative standard deviation for replicate injections
is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the percentage of C16H14F2N3NaO4S in the
portion of Pantoprazole Sodium taken by the formula:

100(CS /CU )(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of
pantoprazole sodium in the Standard preparation and the Assay
preparation, respectively; and rU and rS are the peak responses
obtained from the Assay preparation and the Standard preparation,
respectively..3

Add the following:

.Pantoprazole Sodium Delayed-Release
Tablets

» Pantoprazole Sodium Delayed-Release Tablets con-
tain an amount of Pantoprazole Sodium equivalent to
not less than 90.0 percent and not more than 110.0
percent of the labeled amount of pantoprazole
(C16H15F2N3O4S).

Packaging and storage—Preserve in well-closed containers. Store
at controlled room temperature.

Labeling—Label Tablets to indicate that they must not be split,
chewed, or crushed before administration. When more than one
Dissolution test is given, the labeling states the test used only if Test
1 is not used.
USP Reference standards h11i—USP Pantoprazole Sodium RS.
USP Pantoprazole Related Compound A RS. USP Pantoprazole
Related Compound B RS.

Identification—The retention time of the major peak in the
chromatogram of the Assay preparation corresponds to that in the
chromatogram of the Standard preparation, as obtained in the Assay.

Dissolution h711i—
Test 1—Proceed as directed for Procedure for Method B under

Apparatus 1 and Apparatus 2, Delayed-Release Dosage Forms.
ACID STAGE—
Acid stage medium: 0.1N hydrochloric acid; 1000 mL.
Apparatus 2: 75 rpm.
Time: 120 minutes.
Procedure—After 120 minutes, withdraw an aliquot, pass through

a suitable 0.45-mm filter, and immediately dilute a portion of the
filtrate by a factor of 2 with 0.5N sodium hydroxide. Transfer the
Tablets to the vessels containing the Buffer stage medium. Determine
the amount of pantoprazole dissolved in the Acid stage using the
following procedure.
Diluent—Prepare a mixture of pH 6.8 phosphate buffer and 0.5N

sodium hydroxide (1 : 1).
Mobile phase—Prepare a filtered and degassed mixture of water,

acetonitrile, and triethylamine (60 : 40 : 1). Adjust with phosphoric
acid to a pH of 7.0+ 0.05.
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Standard stock solution—Transfer about 20 mg of USP Panto-
prazole Sodium RS, accurately weighed, to a 50-mL volumetric
flask. Add about 30 mL of 0.02N sodium hydroxide, and sonicate
until dissolved. Add 2 mL of acetonitrile, and dilute with 0.02N
sodium hydroxide to volume.
Working standard solution—Transfer 1.0 mL of the Standard

stock solution to a 20-mL volumetric flask, and dilute with Diluent to
volume.
Chromatographic system—The liquid chromatograph is equipped

with a 290-nm detector and a 4.6-mm 6 7.5-cm column that
contains 3-mm packing L1. The column is maintained at 308. The
flow rate is about 1.0 mL per minute. Chromatograph the Working
standard solution, and record the peak responses as directed for
Procedure: the tailing factor is not more than 2.5, and the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Working standard solution and the solution under test into the
chromatograph, record the chromatograms, and measure the peak
responses for the major peaks. Calculate the amount of pantoprazole
released in the Acid stage by the formula:

in which rU and rS are the peak responses of pantoprazole obtained
from the solution under test and the Working standard solution,
respectively; CS is the concentration, in mg per mL, of pantoprazole
sodium in the Working standard solution; 383.37 is the molecular
weight of pantoprazole; 1000 is the volume, in mL, of Medium; 100
is the conversion factor to percentage; 405.35 is the molecular
weight of pantoprazole sodium; and L is the Tablet label claim, in
mg.
Tolerances—Not more than 10% of the labeled amount of

pantoprazole is dissolved in 120 minutes.
BUFFER STAGE—
Buffer stage medium: pH 6.8 phosphate buffer; 1000 mL.
Apparatus 2: 75 rpm.
Time: 30 minutes.
Procedure—After 30 minutes, withdraw an aliquot, pass through a

suitable 0.45-mm filter, and immediately dilute a portion of the
filtrate by a factor of 2 with 0.5N sodium hydroxide. Determine the
amount of pantoprazole dissolved in the Buffer stage using the same
procedure as for the Acid stage.
Tolerances—Not less than 75% (Q) of the labeled amount of

pantoprazole is dissolved in 30 minutes.
Test 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.
Proceed as directed for Procedure for Method B under Apparatus

1 and Apparatus 2, Delayed-Release Dosage Forms.
ACID STAGE—
Acid stage medium: 0.1N hydrochloric acid; 1000 mL.
Apparatus 2: 100 rpm.
Time: 2 hours.
Standard stock solution—Transfer an accurately weighed quantity

of USP Pantoprazole Sodium RS to a suitable volumetric flask,
dissolve first in 0.1N sodium hydroxide, using 10% of the final
volume, then dilute to volume with pH 6.8 phosphate buffer, to
obtain a solution having a known concentration of about 0.46 mg of
pantoprazole sodium per mL. Mix well until a clear solution is
obtained. Calculate the concentration in mg of pantoprazole per mL,
the molecular weights of pantoprazole and pantoprazole sodium
being 383.37 and 405.35, respectively
Acid stage working standard solution—Dilute an appropriate

volume of the Standard stock solution to 1 L with Acid stage
medium in such a way to obtain a final concentration of about 10%
of the Tablet label claim per L.
Test solution—Pass a portion of the solution under test through a

suitable 10-mm filter.
Procedure—Determine the amount of pantoprazole dissolved by

employing UV absorption at the wavelength of maximum absor-
bance at about 305 nm on portions of the Test solution in comparison
to Acid stage working standard solution using a 4-cm path length

cell and Acid stage medium as blank. Drain the Acid stage medium
from each vessel and replace with Buffer stage medium. Calculate
the amount of pantoprazole dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test
solution and the Acid stage working standard solution, respectively;
CS is the concentration, in mg per L, of pantoprazole in the Acid
stage working standard solution; 1 is the volume, in L, of Acid stage
medium; 100 is the conversion factor to percentage; and L is the
Tablet label claim in mg.
Tolerances—Not more than 10% of the labeled amount of

pantoprazole is dissolved in 2 hours.
BUFFER STAGE—
Buffer stage medium: pH 6.8 phosphate buffer; 1000 mL.
Apparatus 2: 100 rpm.
Time: 45 minutes.
Buffer stage working standard solution—Dilute an appropriate

volume of the Standard stock solution to 250 mL with Buffer stage
medium in such a way to obtain a final concentration of about 100%
of the Tablet label claim per L.
Test solution—Pass a portion of the solution under test through a

suitable 10-mm filter.
Procedure—Determine the amount of pantoprazole dissolved by

employing UV absorption at the wavelength of maximum absor-
bance at about 288 nm on portions of the Test solution in comparison
to Buffer stage working standard solution using a 0.5-cm path length
cell and Buffer stage medium as blank. Calculate the amount of
pantoprazole dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test
solution and the Buffer stage working standard solution, respec-
tively; CS is the concentration, in mg per L, of pantoprazole in the
Buffer stage working standard solution; 1 is the volume, in L, of
Buffer stage medium; 100 is the conversion factor to percentage, and
L is the tablet label claim in mg.
Tolerances—Not less than 75% (Q) of the labeled amount of

pantoprazole is dissolved in 45 minutes.
Test 3—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 3.
Proceed as directed for Procedure for Method B under Apparatus

1 and Apparatus 2, Delayed-Release Dosage Forms.
ACID STAGE—
Acid stage medium: 0.1N hydrochloric acid; 1000 mL.
Apparatus 2: 100 rpm.
Time: 2 hours.
Determination of the amount of pantoprazole remaining in the

Tablet employing the following procedure.
Dilute ammonia solution—Transfer 40 mL of strong ammonia

solution to a 100-mL volumetric flask, and dilute with water to
volume.
Buffer solution—Transfer 1.5 g of ammonium acetate to a 1000-

mL volumetric flask, dissolve in and dilute with water to volume.
Adjust the pH to 7.0+0.1 with Dilute ammonia solution.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and methanol (3 : 2) . Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Standard solution—Transfer an accurately weighed quantity of

USP Pantoprazole Sodium RS to a suitable volumetric flask, add
10% of the final volume of methanol, sonicate until dissolved, and
dilute with Mobile phase to volume to obtain a solution having a
known concentration of about 0.4 mg per mL.
Test solution—After 2 hours in the Acid stage medium, decant the

medium from the vessel, remove the Tablet from the vessel, and dry
it with tissue paper. Transfer the Tablet to a suitable volumetric flask,
add 20% of the final volume of methanol, and sonicate for about 20
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minutes. Dilute with Mobile phase to volume to obtain a final
concentration of about 0.4 mg of pantoprazole per mL. Mix well,
centrifuge, and use the supernatant.
Chromatographic system—The liquid chromatograph is equipped

with a 290-nm detector and a 4.6-mm6 25-cm column that contains
5-mm packing L1. The column is maintained at ambient temperature,
and the autosampler is maintained at 48. The flow rate is about 1.5
mL per minute. Chromatograph the Standard solution, and record
the peak responses as directed for Procedure: the column efficiency
is not less than 7500 theoretical plates; the tailing factor is not more
than 2.0, and the relative standard deviation for six replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak response for the
major peaks. Calculate the amount of pantoprazole released by the
formula:

in which A is the percentage of pantoprazole as determined in the
Assay; rU and rS are the peak responses obtained from the Test
solution and the Standard solution, respectively; CS is the
concentration, in mg per mL, of the Standard solution; 383.37 is
the molecular weight of pantoprazole; 100 is the conversion factor to
percentage; DU is the dilution factor of the Test solution; L is the
Tablet label claim, in mg; and 405.35 is the molecular weight of
pantoprazole sodium.
Tolerances—Not more than 10% of the labeled amount of

pantoprazole is dissolved in 2 hours.
BUFFER STAGE—
Buffer stage medium: pH 6.8 phosphate buffer; 1000 mL.
Apparatus 2: 100 rpm.
Time: 45 minutes.
Standard solution—Further dilute an appropriate volume of the

Standard solution prepared in the Acid stage with Buffer stage
medium to obtain a solution having a known concentration of about
0.04 mg per mL.
Test solution—Transfer a separate Tablet to the vessel containing

Acid stage medium, and proceed as directed for the Acid stage. After
2 hours, decant the Acid stage medium, add the Buffer stage medium,
and operate the apparatus at the specified conditions. After 45
minutes, withdraw 10 mL of the solution under test and pass through
a suitable 0.45-mm filter.
Determine the amount of pantoprazole released to the Buffer stage

medium using the same chromatographic procedure as directed for
the Acid stage with the exception of injecting about 50 mL of the
Standard solution and the Test solution into the chromatograph.
Calculate the amount of pantoprazole released by the formula:

in which rU and rS are the peak responses obtained from the Test
solution and the Standard solution, respectively; CS is the
concentration, in mg per mL, of the Standard solution; 1000 is the
volume, in mL, of Buffer stage medium; 383.37 is the molecular
weight of pantoprazole; 100 is the conversion factor to percentage; L
is the Tablet label claim, in mg; and 405.35 is the molecular weight
of pantoprazole sodium.

Tolerances—Not less than 75% (Q) of the labeled amount of
pantoprazole is dissolved in 45 minutes.

Uniformity of dosage units h905i: meet the requirements.

Chromatographic purity—
Mobile phase and System suitability preparation—Prepare as

directed in the Assay.
Standard solution—Dilute an accurately measured volume of the

Standard preparation, prepared as directed in the Assay, with 0.02N
sodium hydroxide to obtain a solution having a known concentration
of about 0.0004 mg of pantoprazole sodium per mL.
Test solution—Use the Assay preparation.
Chromatographic system (see Chromatography h621i)—Prepare

as directed in the Assay. Chromatograph the System suitability
preparation, and record the peak responses as directed for
Procedure. Identify the components on the basis of their relative
retention times (Table 1): the resolution, R, between the pantoprazole
and pantoprazole related compound A peaks is not less than 3; and
the tailing factor for the pantoprazole peak is not more than 2.0.
Chromatograph the Standard solution, and record the peak responses
as directed for Procedure: the relative standard deviation for
replicate injections is not more than 10.0%.

Table 1

Component Name

Relative
Retention
Time

Limit
(%)

Pantoprazole 1.0 N/A
Related compounds D3 and F4 1.2 0.5(*)
Pantoprazole related compound A1 1.3 0.5
Pantoprazole related compound B2 2.7 0.3
Any other individual impurity — 0.2
Total impurities — 1.0

1 5-(Difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridyl)methyl]sulfonyl]-1H-
benzimidazole.
2 5-(Difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridyl)methyl]thio]-1H-benz-
imidazole.
3 5-(Difluoromethoxy)-2-[(RS)-[(3,4-dimethoxypyridin-2-yl)methyl]sulfinyl]-
1-methyl-1H-benzimidazole.
4 6-(Difluoromethoxy)-2-[(RS)-[(3,4-dimethoxypyridin-2-yl)methyl]sulfinyl]-
1-methyl-1H-benzimidazole.
(*) Impurities D and F are not fully resolved and should be integrated together.

Procedure—Separately inject equal volumes (about 20 mL) of the
Standard solution and the Test solution into the chromatograph,
record the chromatograms for at least three times the retention time
of the pantoprazole peak, and measure the peak responses. Calculate
the percentage of each impurity in the portion of Tablets taken by the
formula:

100(383.37/405.35)(CS /CT)(ri / rS)

in which 383.37 and 405.35 are the molecular weights of
pantoprazole and pantoprazole sodium, respectively; CS is the
concentration, in mg per mL, of pantoprazole sodium in the
Standard solution; CT is the concentration, in mg per mL, of
pantoprazole in the Test solution, based on the labeled quantity per
Tablet and the extent of dilution; ri is the peak response for each
impurity obtained from the Test solution; and rS is the peak response
for pantoprazole obtained from the Standard solution. Reporting
level for impurities is 0.1%.
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Assay—
Buffer solution—Dissolve 3.85 g of ammonium acetate and 1.1 g

of tetrabutylammonium hydrogen sulfate in 1 L of water, and adjust
with ammonium hydroxide solution diluted 1 : 1 with water to a pH
of 7.9.
Diluent—Prepare a mixture of 0.02N sodium hydroxide and

acetonitrile (1 : 1).
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and acetonitrile (65 : 35).
Standard preparation—Transfer an accurately weighed quantity

of USP Pantoprazole Sodium RS to a suitable volumetric flask, add
0.02N sodium hydroxide to about 60% of the final volume, sonicate
for 5 minutes to dissolve, add about 2% of acetonitrile, and dilute
with 0.02N sodium hydroxide to volume to obtain a solution having
a known concentration of about 0.2 mg of pantoprazole sodium per
mL.
System suitability preparation—Prepare a solution in 0.02N

sodium hydroxide, using sonication if necessary, containing about
0.2 mg of pantoprazole sodium per mL and about 0.0004 mg each of
pantoprazole related compound A and pantoprazole related com-
pound B per mL.
Assay preparation—Transfer 5 Tablets into a suitable volumetric

flask. [NOTE—Use 50-mL or 100-mL volumetric flasks for Tablets
containing 20 mg or 40 mg of pantoprazole per Tablet, respectively.]
Add Diluent to about 60% of the final volume, shake mechanically
for about 60 minutes, and dilute with Diluent to volume. Pass
through a suitable filter, and dilute the filtrate with 0.02N sodium
hydroxide to obtain a solution having a known concentration of
about 0.2 mg of pantoprazole per mL, based on the label claim.

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 290-nm detector and a
25-cm 6 4.6-mm column that contains 5-mm packing L1. The flow
rate is about 1 mL per minute. Chromatograph the System suitability
preparation, and record the peak responses as directed for
Procedure: the resolution, R, between the pantoprazole and
pantoprazole related compound A peaks is not less than 3; and the
tailing factor for the pantoprazole peak is not more than 2.0.
Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the relative standard deviation
for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the percentage of the labeled amount of
C16H15F2N3O4S in the portion of Tablets taken by the formula:

100(383.37/405.35)(CS /CU)(rU / rS)

in which 383.37 and 405.35 are the molecular weights of
pantoprazole and pantoprazole sodium, respectively; CS is the
concentration, in mg per mL, of pantoprazole sodium in the
Standard preparation; CU is the concentration, in mg per mL, of
pantoprazole in the Assay preparation, based on the labeled quantity
per Tablet and the extent of dilution; and rU and rS are the peak
responses of pantoprazole obtained from the Assay preparation and
the Standard preparation, respectively..3
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

h11i USP REFERENCE
STANDARDS

Add the following:

.USP Pantoprazole Sodium RS..3

Add the following:

.USP Pantoprazole Related Compound A RS [5-(difluoro-
methoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfonyl]-1H-
benzimidazole] (C16H15F2N3O5S 399.37)..3

Add the following:

.USP Pantoprazole Related Compound B RS [5-(difluoro-
methoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]thio]-1H-
benzimidazole] (C16H15F2N3O3S 367.37)..3

Add the following:

.USP Pantoprazole Related Compound C RS [5-(difluoro-
methoxy)-1H-benzimidazole-2-thiol] (C8H6F2N2OS 216.21)..3

Add the following:

.USP Pantoprazole Related Compound D and FMixture RS—A
mixture of 5-(difluoromethoxy)-2-[(RS)-[(3,4-dimethoxypyridin-2-
yl)methyl]sulfinyl]-1-methyl-1H-benzimidazole and 6-(difluoro-
methoxy)-2-[(RS)-[(3,4-dimethoxypyridin-2-yl)methyl]sulfinyl]-1-
methyl-1H-benzimidazole. (C17H17F2N3O4S 398.40)..3

Add the following:

.USP Pantoprazole Related Compound E RS —A mixture of the
stereoisomers of 6,6’-bis(difluoromethoxy)-2,2’-bis[[(3,4-dimethoxy-
pyridin-2-yl)methyl]sulfinyl]-1H,1’H-5,5’-bibenzimidazolyl.
(C32H28F4N6O8S2 764.74)..3

REFERENCE TABLES

Description and Solubility

Add the following:

.Pantoprazole Sodium: White to off-white powder. Freely
soluble in water, in methanol, and in dehydrated alcohol; practically
insoluble in hexane and in dichloromethane..3
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or pending
official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be available as a cu-
mulative table in future Supplements and will appear in its corrected form in a future annual edition ofUSP–NF. Errata are considered to be items
erroneously published that have not received the approval of the Council of Experts and that do not reflect the official requirement. USP staff is
available to respond to questions regarding the accuracy of a particular requirement by calling 1-800-822-USPC.

USP31–NF26
Page Title Section Description

3 USP General Notices and
Requirements

Title Change all references to USP 30 or Thirtieth Revision
to: USP 31 or Thirty-First Revision

121 h121i Insulin Assays Appendix In the first equation, under the square root: Change

to:

1778 Citalopram Hydrobromide Related compounds Line 2 under Test 1, Working standard solution:
Change ‘‘Dilute the Standard solution with Mobile
phase,’’ to: Dilute the Standard solution with Diluent,

1856 Cromolyn Sodium Inhalation
Powder

Identification Line 2: Change ‘‘It meets the requirements of Identifi-
cation test B under Cromolyn Sodium, and of the Iden-
tification test under Lactose.’’ to: It meets the
requirements of Identification test B under Cromolyn
Sodium.

1946 Dicyclomine Hydrochloride
Capsules

Assay Line 3 under Chromatographic system: Change ‘‘a
4.6-mm 6 15-cm column containing 3-mm packing
L7.’’ to: a 4.6-mm 6 15-cm column containing 3.5-
mm packing L7.
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IN-PROCESS REVISION
This section contains proposals for adoption as officialUSP or NF standards (either proposed new standards or proposed revisions of

current USP or NF standards). These may be any of the following: (1) items that previously appeared under Pharmacopeial Pre-

views and are now formally proposed as revisions, (2) proposed revisions placed directly under In-Process Revision, or (3) mod-

ifications of revisions previously proposed under In-Process Revision. Readers should review material in this section and provide

comments to the staff liaison (use the Staff Directory to find the contact information). Information on how to comment is found in the

Policies and Announcements section. It is important to send comments promptly so that the Committee members can consider read-

ers’ input as they are deciding whether to advance standards to official status.

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the
revision. Other relevant information. (For example, if a chromatographic method is being proposed, column spe-
cifications and retention times for compounds of interest.) Finally, the Committee designation (see How to Use
PF), the name of the scientific staff liaison who handled the particular issue, and the USP tracking correspondence
number, as shown in the example below:

(DSN: L. Evans) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. New text (if any) follows,

and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type (print edition only), as

shown in the examples below:

.new text.

if slated for an Interim Revision Announcement to USP 30–NF 25 (IRA);

~

new text
~USP31

if slated for USP 31–NF 26; and

&new text&

if slated for a Supplement to USP–NF. The same symbols not set off by an extra paragraph break and enclosing text with no increase

in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed text, such as . . or
&

& or
~

~
, it means that text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is

accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as the publication where the

revision will appear if approved. For example, .2 indicates that the revision is proposed for the Interim Revision Announcement that

will appear in issue 2 of a given PF volume, &2S (USP 30) indicates that the proposed revision is slated for the Second Supplement to

USP 30, and
~USP31 and ~NF26 indicate that the revisions are proposed for USP 31 and NF 26, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title stated after

that specification will be substituted for the former title in the appropriate places throughout that monograph once this revision

becomes official.
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MONOGRAPHS (USP)

BRIEFING

Amodiaquine Hydrochloride Tablets, USP 31 page 1406. On
the basis of validation data, it is proposed to replace the tedious
extraction and nonspecific spectrophotometric analysis in the Assay
with a more accurate and specific HPLC method. The analysis is
performed with a Phenomenex Luna C18 brand of 5-mm L1 column.
The typical retention time for amodiaquine is 8.9 minutes.
Furthermore, a revision is proposed for Identification test B to
replace the exisitng spectrophotometric test with a retention time
requirement.

(MDAA: B. Davani; L. Santos) RTS—C57700

Change to read:

USP Reference standards h11i—USP Amodiaquine Hydrochloride
RS.

&USP Chloroquine Phosphate RS.&1S (USP32)

Change to read:

Identification—
A: Infrared Absorption h197Ki—
Test specimen: Powder 1 or more Tablets, and transfer a portion

of the powder, equivalent to about 50 mg of amodiaquine, to a 125-
mL separator. Add 20 mL of water, and shake for 1 minute. Add 25
mL of chloroform and 1 mL of ammonium hydroxide, shake for
2 minutes, and when settled, filter the chloroform extract through
cotton that previously has been rinsed with chloroform, collecting
the extract in a vessel suitable for evaporation. Evaporate the
chloroform, and dry the residue at 1058 for 1 hour.
B: Ultraviolet Absorption h197Ui—
Solution: prepared as directed in the Assay.

&B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&1S (USP32)

Change to read:

Assay—Weigh and finely powder not fewer than 20 Tablets.
Transfer an accurately weighed portion of the powder, equivalent to
about 300 mg of amodiaquine, to a 250-mL beaker, add about 100
mL of dilute hydrochloric acid (1 in 100), and heat on a steam bath
for about 15 minutes with occasional stirring. Cool the mixture to
room temperature, transfer to a 200-mL volumetric flask, add dilute
hydrochloric acid (1 in 100) to volume, and mix. Pipet 10 mL of the
clear supernatant into a 125-mL separator. Add about 10 mL of
dilute hydrochloric acid (1 in 100), and wash with 20 mL of
chloroform, discarding the washing. Add 4.5 mL of 1N sodium
hydroxide, and extract with four 25-mL portions of chloroform.
Extract the combined chloroform solutions with three 50-mL
portions of dilute hydrochloric acid (1 in 100). Combine the acid
extracts in a 200-mL volumetric flask, add dilute hydrochloric acid
(1 in 100) to volume, and mix. Pipet 20 mL of this solution into a
100-mL volumetric flask, add dilute hydrochloric acid (1 in 100) to
volume, and mix. Concomitantly determine the absorbances of this

solution and a solution of undried USP Amodiaquine Hydrochloride
RS, in the same medium having a known concentration of about 15
mg per mL in 1-cm cells at the wavelength of maximum absorbance
at about 342 nm, with a suitable spectrophotometer, using dilute
hydrochloric acid (1 in 100) as the blank. Calculate the quantity, in
mg, of C20H22ClN3O � 2HCl � 2H2O in the portion of Tablets taken by
the formula:

21.68C(AU /AS)

in which C is the concentration, in mg per mL, calculated on the
anhydrous basis, of the USP Amodiaquine Hydrochloride RS in the
Standard solution; and AU and AS are the absorbances of the solution
from the Tablets and the Standard solution, respectively. The
quantity determined, multiplied by 0.7656, gives the equivalent
quantity of C20H22ClN3O.

&Buffer solution—Weigh about 13.6 g of monobasic

potassium phosphate and dissolve in 2 L of water. Add 2.0

mL of perchloric acid, mix, and adjust with phosphoric acid

to a pH of 2.5. Pass the solution through a 0.45-mm

membrane filter.

Diluent—Dilute 10 mL of hydrochloric acid with water to

1 L, and mix.

Mobile phase—Prepare a mixture of Buffer solution and

methanol (78 : 22). Make adjustments if necessary (see

Chromatography h621i).

Standard preparation—Transfer an accurately weighed

quantity of USPAmodiaquine Hydrochloride RS to a suitable

volumetric flask, and dissolve in and dilute with water to

volume to obtain a solution having a known concentration of

about 0.15 mg per mL of amodiaquine hydrochloride.

Assay preparation—Weigh and finely powder 20 Tablets.

Transfer an accurately weighed portion of the powder,

equivalent to about 7.5 mg of amodiaquine hydrochloride,

to a 50-mL volumetric flask, and dissolve in and dilute with

Diluent to volume. Sonicate for 25 minutes at 298. Pass a

portion of about 10 mL through a 0.2-mm nylon filter,

discarding the first 4 mL, and use 2 mL for analysis.

System suitability solution—Transfer an accurately weighed

quantity of USP Amodiaquine Hydrochloride RS and USP

Chloroquine Phosphate RS to a suitable volumetric flask, and

dissolve in and dilute with water to volume to obtain a

solution having concentrations of about 0.15 mg per mL of

amodiaquine hydrochloride and 0.15 mg per mL of

chloroquine phosphate.
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Chromatography system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 224-nm detector

and 4.6-mm 6 10-cm column that contains 5-mm packing

L1. The flow rate is about 1.2 mL per minute. Chromatograph

the System suitability solution, and record the peak responses

as directed for Procedure: the relative retention times are 1.0

for amodiaquine and 0.8 for chloroquine peaks; the

resolution, R, between amodiaquine hydrochloride and

chloroquine phosphate is not less than 1.5; for both

compounds, the tailing factors are not more than 1.5; and

the relative standard deviation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percent of the label claim, of amodiaquine (C20H22ClN3O) in

the portion of Tablets taken by the formula:

100(CS /CU)(rU / rS)

in which 100 is the percent conversion factor; CS is the

concentration, in mg per mL, of USP Amodiaquine

Hydrochloride RS in the Standard preparation; CU is the

concentration, in mg per mL, of amodiaquine hydrochloride

in the Assay preparation, based on the label claim; and rU and

rS are the peak responses obtained from the Assay preparation

and the Standard preparation, respectively.&1S (USP32)

BRIEFING

Azithromycin, USP 31 page 1476, page 3620 of the First
Supplement, and page 1145 of the Interim Revision Announcement in
PF 33(6) [Nov.–Dec. 2007]. Comments were received regarding the
test for Limit of related substances, indicating that it was not clear
when Test 1 and Test 2 were to be used, and that some of the
impurities were inadequately resolved by Test 2. It is proposed to
replace Test 1 and Test 2 in the test for Limit of related substances
with a single Related compounds test. The liquid chromatographic
procedure is based on analyses performed using the XTerra MS C18
brand of L1 column. The method has advantages over Test 1,
because it uses UV rather than electrochemical detection. The
proposed test for Related compounds is similar to the test in the
European Pharmacopoeia monograph for Azithromycin and is able
to resolve and quantify the impurities listed in both Tests 1 and 2.
The typical retention time for azithromycin under these conditions is
about 49 minutes.

(MD-ANT: A. Wise) RTS—C48984; C53606; C60373

USP Reference standards h11i—USPAzaerythromycin A RS. USP
Azithromycin RS. USP Azithromycin Identity RS. USP Azithromycin-
N-Oxide RS.
&

&1S (USP32)
USP N-Demethylazithromycin RS.
&USP Azithromycin Related Compound F RS.&1S (USP32)
USP Desosaminylazithromycin RS.

Delete the following:

&Limit of related substances—[NOTE—Perform either Test 1 or
Test 2 depending on the manufacturing process used.]

TEST 1—[NOTE—Use water that has a resistivity of not less than
18Mohm-cm.]
Mobile phase—Proceed as directed in the Assay.
pH 7.5 Potassium phosphate buffer—Transfer 2.7 g of monobasic

potassium phosphate to a 1000-mL volumetric flask. Dilute with
water to volume, and mix. Adjust with 10N potassium hydroxide to
a pH of 7.5+ 0.1.
Dilution solution—Prepare a mixture of pH 7.5 Potassium

phosphate buffer and acetonitrile (750 : 250).
Standard stock solution—Quantitatively dissolve accurately

weighed quantities of USP Desosaminylazithromycin RS, USP N-
Demethylazithromycin RS, and USP Azithromycin RS with
acetonitrile to obtain a solution having known concentrations of
about 45 mg per mL, 105 mg per mL, and 160 mg per mL,
respectively.
Standard solution—Transfer 4.0 mL of the Standard stock

solution to a 200-mL volumetric flask, dilute with Dilution solution
to volume, and mix. This solution contains known concentrations of
USP Desosaminylazithromycin RS, USP N-Demethylazithromycin
RS, and USP Azithromycin RS of about 0.9 mg per mL, 2.1 mg per
mL, and 3.2 mg per mL, respectively.
Test solution—Transfer about 33 mg of Azithromycin, accurately

weighed, to a 100-mL volumetric flask, add 5 mL of acetonitrile, and
sonicate for about 20 seconds to dissolve. Dilute with Dilution
solution to volume, and mix. [NOTE—Use this solution within
6 hours.]
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with an amperometric electro-
chemical detector with dual glassy carbon electrodes operated in the
oxidative screen mode with electrode 1 set at +0.70+ 0.05 V and
electrode 2 set at +0.85+ 0.05 V, and the background current
optimized to 95+ 25 nanoamperes, a 4.6-mm 6 5-cm guard
column that contains 5-mm packing L29, and a 4.6-mm 6 15-cm
analytical column that contains 5-mm packing L29 or 3-mm packing
L49 without the guard column. [NOTE—In general, maintain
electrode 1 at 0.12 V less than electrode 2, and maintain the
electrodes at a constant temperature of about 268.] The flow rate is
about 0.4 mL per minute. Chromatograph the Standard solution, and
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record the peak responses as directed for Procedure: the column
efficiency is not less than 1500 theoretical plates for the
azithromycin peak; the tailing factor for each of these compounds
is not more than 1.5; and the relative standard deviation for replicate
injections is not more than 5% for each of these compounds. [NOTE—
For the purpose of identification, the relative retention times are
about 0.38 for desosaminylazithromycin, 0.54 for N-demethylazi-
thromycin, and 1.0 for azithromycin]
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, using an elution period for the Test
solution that is 3.3 times the elution time of the azithromycin peak in
the chromatogram of the Standard solution, and measure the areas
for all of the peaks. Calculate the percentages of desosaminylazi-
thromycin and N-demethylazithromycin in the Azithromycin taken
by the formula:

0.1(CP/W)(ri / rS)

in which C is the concentration, in mg per mL, of the appropriate
USP Reference Standard in the Standard solution; P is the
designated potency, in percentage, of the relevant USP Reference
Standard; W is the weight, in mg, of Azithromycin taken to prepare
the Test solution; and ri and rS are the peak area responses for the
relevant analyte in the chromatograms obtained from the Test
solution and the Standard solution, respectively. Calculate the
percentages of other related substances in the Azithromycin taken by
the formula:

0.01(CP/W)(ri / rS)

in which C is the concentration, in mg per mL, of USPAzithromycin
RS in the Standard solution; P is the designated purity, in mg per mg,
of USP Azithromycin RS; W is the weight, in mg, of Azithromycin
taken to prepare the Test solution; ri is the peak area response for an
individual related substance peak in the chromatogram obtained
from the Test solution; and rS is the peak area response for the
azithromycin peak in the chromatogram obtained from the Standard
solution. Not more than 0.3% of desosaminylazithromycin, 0.7% of
N-demethylazithromycin, and 1.0% of any other individual related
substance is found; and the sum of all related substances is not more
than 3.0%.

TEST 2—
Phosphate buffer solution—Dissolve about 8.7 g of dibasic

potassium phosphate in 1 L of water, adjust with 20% phosphoric
acid to a pH of 8.2, and mix.
Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and Phosphate buffer solution (6 : 4). Make adjustments
if necessary (see System Suitability under Chromatography h621i).
Standard solution 1—Dissolve an accurately weighed quantity of

USP Azithromycin RS in Mobile phase, and quantitatively dilute to
obtain a solution having a known concentration of about 35 mg per
mL.
Standard solution 2—Prepare a solution in Mobile phase

containing about 7 mg of USP Azithromycin Identity RS per mL.
Standard solution 3—Prepare a solution in Mobile phase

containing about 14 mg of USP Azithromycin-N-Oxide RS per mL.
Test solution—Transfer about 70.0 mg of Azithromycin, accurate-

ly weighed, to a 10-mL volumetric flask, dissolve in and dilute with
Mobile phase to volume, and mix.

System suitability solution—Prepare a solution in Mobile phase
containing about 0.07 mg of USP Azaerythromycin A RS and 7 mg
of USP Azithromycin RS per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 210-nm detector and a
4.6-mm 6 15-cm column that contains 5-mm packing L1. The flow
rate is about 0.9 mL per minute. The column temperature is
maintained at 308. Chromatograph the System suitability solution,
and record the peak responses as directed for Procedure: the
resolution, R, between azaerythromycin A and azithromycin is not
less than 8.0; and the tailing factor for the azithromycin peak is not
more than 2.5. [NOTE—For the purpose of identification, the relative
retention times are about 0.47 for azaerythromycin A and 1.00 for
azithromycin.]
Procedure—Separately inject equal volumes (about 50 mL) of

Standard solution 1, Standard solution 2, Standard solution 3, Test
solution, and Mobile phase into the chromatograph, record the
chromatograms, identify the peaks in the chromatogram of the Test
solution by comparison with the chromatograms obtained from
Standard solution 2 and Standard solution 3, and measure the peak
area responses. Disregard any peak due to the solvent front and any
peak corresponding to those obtained from the Mobile phase.
Calculate the percentage of each impurity in the portion of
Azithromycin taken by the formula:

(CP/W)(1/F)(ri / rS)

in which C is the concentration, in mg per mL, of USPAzithromycin
RS in Standard solution 1; P is the designated purity, in mg per mg,
of USP Azithromycin RS; W is the weight, in mg, of Azithromycin
taken to prepare the Test solution; F is the relative response factor
(see Table 1); ri is the peak area response for each impurity obtained
from the Test solution; and rS is the peak area response for
azithromycin obtained from Standard solution 1. The impurities
meet the limits specified in Table 1. &1S (USP32)

Add the following:

&Related compounds—

Solution A—Dissolve about 1.8 g of dibasic anhydrous

sodium phosphate in 1000 mL of water.

Solution B—Prepare a mixture of acetonitrile and methanol

(75 : 25).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Table 1

Compound Relative Retention Time Relative Response Factor Limit (w/w, %)
Azithromycin-N-oxide 0.20 0.45 0.40
3’-(N,N-didemethyl)-3’-N-formylazithromycin 0.26 1.8 0.30
3’-N-demethyl-3’-N-formylazithromycin (rotamer 1) 0.34 4.1 0.15
3’-N-demethyl-3’-N-formylazithromycin (rotamer 2) 0.37 4.1 0.15
6-Demethylazithromycin (azaerythromycin A) 0.47 0.67 0.50
3’-De(dimethylamino)-3’-oxoazithromycin 0.80 1.9 0.25
2-Desethyl-2-propylazithromycin 1.52 1.0 0.50
3-Deoxyazithromycin (azithromycin B) 1.60 1.0 0.50
3’-N-demethyl-3’-N-[(4-methylphenyl)sulfonyl]azi-
thromycin 2.14 7.0 0.50
Individual unknown impurity — 1.0 0.20
Total impurities — — 2.0
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Black plate (561,1)

Diluent—Dissolve about 1.73 g of ammonium phosphate,

monobasic, in 1000 mL of water. Adjust with ammonia TS to

a pH of 10.0+ 0.05. Prepare a mixture of ammonium

phosphate buffer, methanol, and acetonitrile (35 : 35 : 30).

Resolution solution—Prepare a solution in Diluent contain-

ing about 0.0165 mg of USP Azithromycin Related

Compound F RS and 0.027 mg of USP Desosaminylazi-

thromycin RS per mL.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Azithromycin RS in Diluent to obtain a solution

having a known concentration of about 0.86 mg per mL.

Dilute a portion of this solution quantitatively, and stepwise if

necessary, with Diluent to obtain a solution having a known

concentration of about 0.086 mg per mL.

Test solution—Dissolve an accurately weighed quantity of

Azithromycin in Diluent to obtain a solution having a known

concentration of about 8.6 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1 mL per minute. Maintain the

column at a constant temperature of 608. The chromatograph

is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–25 50?45 50?55 linear gradient

25–30 45?40 55?60 linear gradient

30–80 40?25 60?75 linear gradient

80–81 25?50 75?50 linear gradient

81–93 50 50 re-equilibration

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure: the peak-to-valley ratio

is not less than 3.0, calculated using the formula:

(HP /HV)

in which HP is the height above the baseline of the peak

corresponding to desosaminylazithromycin; and HV is the

height above the baseline of the lowest point of the curve

separating this peak from the peak due to azithromycin

related compound F. Chromatograph the Standard solution,

and record the peak responses as directed for Procedure: the

tailing factor of the azithromycin peak is not less than 0.8 and

not more than 1.5.

Procedure—Separately inject equal volumes (about 50 mL)

of the Resolution solution, the Standard solution, and the Test

solution into the chromatograph, and measure the peak area

responses for the major peaks. Calculate the percentage of

each related compound in the portion of Azithromycin taken

by the formula:

(P / 1000)(CS /CU)(ri / rS)(1 /F)(100)

in which P / 1000 is the potency, converted from mg per mg to

mg per mg, of USPAzithromycin RS; CS is the concentration,

in mg per mL, of USP Azithromycin RS in the Standard

solution; CU is the concentration, in mg per mL, of

Azithromycin in the Test solution; ri is the peak response

for any impurity in the Test solution; rS is the peak response

for Azithromycin in the Standard solution; and F is the

relative response factor as listed in Table 1. Disregard peaks

eluting before azithromycin 3’-N-oxide and after 3-deoxyazi-

thromycin (azithromycin B). Disregard peaks with a response

less than 0.1 times the response of the azithromycin peak in

the Standard solution (0.1%).
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Black plate (562,1)

BRIEFING

Azithromycin for Injection. Because there is no existing USP
monograph for this drug product, a new monograph is being
proposed. The liquid chromatographic procedure in the test for
Related compounds is based on analyses performed with a Shodex
Asahipak ODP-50 brand of L## column and guard column. The
typical retention time for azithromycin is about 33.5 minutes. The
liquid chromatographic procedure in the test for Limit of azithromy-
cin N-oxide is based on analyses performed with a GammaBond
Alumina RP1 brand of L29 column and guard column. The typical
retention times for azithromycin N-oxide and azithromycin are about
9.1 minutes and 24.1 minutes, respectively. The liquid chromato-
graphic procedure in the Assay is based on analyses performed with
a Shodex Asahipak ODP-50 brand of L## column and guard
column. The typical retention times for azaerythromycin A and
azithromycin are about 6.8 minutes and 10.0 minutes, respectively.

(MD-ANT: A. Wise; MSA: R. Tirumalai) RTS—C49150

Add the following:

&Azithromycin for Injection

» Azithromycin for Injection is a sterile, dry

mixture of azithromycin and a suitable stabilizing

agent. It contains not less than 90.0 percent and not

more than 110.0 percent of the labeled amount of

azithromycin (C38H72N2O12).

Packaging and storage—Preserve in Containers for Sterile

Solids as described under Injections h1i, and store at

controlled room temperature.

Labeling—It meets the requirements for Labeling under

Injections h1i.

Table 1

Peak Identification

Relative

Retention Time

Relative

Response Factor

(F)

Limit

(%)

Azithromycin 3’-N-oxide 0.29 0.43 0.5

3’-(N,N-Didemethyl)-3’-N-formylazithromycin 0.37 1.7 0.5

3’-(N,N-Didemethyl) azithromycin (aminoazithromycin) 0.43 1.0 0.5

Azithromycin Related Compound F 0.51 3.8 0.5

Desosaminylazithromycin 0.54 1.0 0.3

3’-N-Demethylazithromycin 0.61 1.0 0.7

Azithromycin C 0.73 1.0 0.5

3’-De(dimethylamino)-3’-oxoazithromycin 0.76 1.5 0.5

6-Demethylazithromycin (azaerythromycin A) 0.83 1.0 0.5

Azithromycin Impurity P 0.92 1.0 0.2

2-Desethyl-2-propylazithromycin 1.23 1.0 0.5

3’-N-Demethyl-3’-N-[(4-methylphenyl)sulfonyl]

azithromycin

1.26 1.0 0.5

3-Deoxyazithromycin (azithromycin B) 1.31 1.0 1.0

Any other individual impurity — 1.0 0.2

Total impurities — — 3.0

&1S (USP32)
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Black plate (563,1)

USP Reference standards h11i—USP Azaerythromycin A

RS. USP Azithromycin RS. USP Azithromycin N-Oxide RS.

USP N-Demethylazithromycin RS. USP Desosaminylazithro-

mycin RS. USP Endotoxin RS.

Identification—The chromatogram of the Assay preparation

obtained as directed in the Assay exhibits a major peak for

azithromycin, the retention time of which corresponds to that

exhibited in the chromatogram of the Standard preparation.

Bacterial endotoxins h85i—It contains not more than 0.35

EU per mg of Azithromycin.

Sterility h71i—It meets the requirements when tested as

directed for Membrane Filtration under Test for Sterility of

the Product to be Examined.

Uniformity of dosage units h905i: meets the requirements.

pH h781i: between 6.4 and 6.8, determined in a solution

constituted as directed in the labeling.

Water, Method I h921i: not more than 2.0%.

Particulate matter h788i: meets the requirements.

Limit of azithromycin N-oxide—

Potassium phosphate 0.02M buffer—Prepare as directed in

the test for Related compounds.

Mobile phase—Prepare a filtered and degassed mixture of

Potassium phosphate 0.02 M buffer and acetonitrile

(76.5 : 23.5). Adjust with 5N potassium hydroxide to a pH

of 11.0+ 0.1. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Diluent—A mixture of Potassium phosphate 0.02M buffer

and acetonitrile (76.5 : 23.5). Adjust with diluted phosphoric

acid to a pH of 8.0+ 0.1.

Stock standard solution—Dissolve an accurately weighed

portion of USP Azithromycin RS in acetonitrile to obtain a

solution having a known concentration of about 0.6 mg per

mL.

Standard solution—Dilute the Stock standard solution

quantitatively, and stepwise if necessary, with Diluent to

obtain a solution having a known concentration of about

0.006 mg of azithromycin per mL.

Resolution solution—Dissolve an accurately weighed

portion of USP Azithromycin N-Oxide RS in Standard

solution to obtain a solution having a concentration of about

0.0015 mg of azithromycin N-oxide and 0.45 mg of

azithromycin per mL.

Test solution—Prepare as directed in the test for Related

compounds.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with an amperometric

electrochemical detector with a dual series glassy carbon

electrode operated in the oxidative screen mode, with

electrode 1 set at +0.70+ 0.05 V and electrode 2 set at

+0.82+ 0.05 V and the background current optimized to

95+ 25 nanoamperes; a 4.6-mm 6 15-cm column that

contains 5-mm packing L29; and a 4.6-mm 6 5-cm guard

column that contains 5-mm packing L29. The flow rate is

about 0.4 mL per minute. The autosampler temperature is

maintained at 158. Chromatograph the Resolution solution,

and record the peak responses as directed for Procedure: the

relative retention times are about 0.38 and 1.0, respectively,

for the azithromycin N-oxide and the azithromycin peaks.

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the column efficiency is

not less than 1000 theoretical plates; the tailing factor is not

less than 0.9 and not more than 1.5; and the relative standard

deviation for replicate injections is not more than 5%.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard solution and the Test solution into the

chromatograph, and measure the area responses for all the

peaks. Calculate the percentage of azithromycin N-oxide in

the portion of Azithromycin for Injection taken by the

formula:

(P/1000)(CS /CU)(ri / rS)(100)
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in which (P/1000) is the potency, converted from mg per mg

to mg per mg, of USP Azithromycin RS; CS is the

concentration, in mg per mL, of USP Azithromycin RS in

the Standard solution; CU is the concentration, in mg per mL,

of azithromycin in the Test solution; ri is the response of the

azithromycin N-oxide peak obtained from the Test solution;

and rS is the response for the azithromycin peak in the

Standard solution: not more than 1.0% of azithromycin N-

oxide is found.

Related compounds—

Potassium phosphate 0.02M buffer—Dilute about 3.48 g of

dibasic potassium phosphate with water to 1000 mL, and mix.

Prior to use, pass through a filter having a porosity of 0.45

mm.

Mobile phase—Prepare a filtered and degassed mixture of

Potassium phosphate 0.02M buffer and acetonitrile (54 : 46).

Adjust with 10N potassium hydroxide to a pH of 11.0+ 0.1.

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent—Use a mixture of water and acetonitrile (54 : 46).

Blank—Use Diluent.

Stock standard solution—Dissolve accurately weighed

portions of USP Desosaminylazithromycin RS, USP N-

Demethylazithromycin RS, and USP Azithromycin RS in

acetonitrile; and dilute quantitatively with the same solvent to

obtain a solution having a known concentration of about 0.09

mg of desosaminylazithromycin, 0.21 mg of N-demethylazi-

thromycin, and 0.30 mg of azithromycin per mL.

Standard solution—Dilute the Stock standard solution

quantitatively, and stepwise if necessary, with Diluent to

obtain a solution having known concentrations of about

0.0018 mg of desosaminylazithromycin, 0.0042 mg of N-

demethylazithromycin, and 0.006 mg of azithromycin per

mL.

Test solution—Reconstitute 10 vials individually, as

directed in the labeling. Mix the contents of all the

reconstituted vials. Dilute a portion of the mixture quantita-

tively, and stepwise if necessary, with Diluent to obtain a

solution having a nominal concentration of about 0.6 mg of

azithromycin per mL, based on the label claim. The Test

solution must be injected immediately.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with an amperometric

electrochemical detector with dual glassy carbon electrodes,

operated in the oxidative screen mode, with electrode 1 set at

+0.70+ 0.05 V and electrode 2 set at +0.82+ 0.05 V and

with the background current optimized to 95+ 25 nanoam-

peres; a 4.6-mm 6 25-cm column that contains 5-mm

packing L##; and a 4.6-mm 6 1-cm guard column that

contains 5-mm packing L##. The flow rate is about 1 mL per

minute. The column is maintained at about 408. The

autosampler temperature is maintained at 158. Chromato-

graph the Standard solution, and record the peak responses as

directed for Procedure: the relative retention times are as

shown in Table 1; the resolution, R, between desosaminyla-

zithromycin and N-demethylazithromycin is not less than 1.5;

the tailing factor of the peaks for desosaminylazithromycin,

N-demethylazithromycin, and azithromycin is not more than

1.5; the column efficiency is not less than 1500 theoretical

plates for the azithromycin peak; and the relative standard

deviation of the desosaminylazithromycin, N-demethylazi-

thromycin, and azithromycin peaks for replicate injections is

not more than 5%.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard solution, the Blank, and the Test solution into

the chromatograph, and measure the responses for all the

peaks. Calculate the percentage of desosaminylazithromycin

in the portion of Azithromycin for Injection taken by the

formula:

(P)(CS /CU)(ri / rS)(100)

in which P is the potency, in mg per mg, of USP

Desosaminylazithromycin RS; CS is the concentration, in

mg per mL, of USP Desosaminylazithromycin RS in the

Standard solution; CU is the concentration, in mg per mL, of

azithromycin in the Test solution; ri is the response of the

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
564 IN-PROCESS REVISION Vol. 34(3) [May–June 2008]



Black plate (565,1)

desosaminylazithromycin peak obtained from the Test

solution; and rS is the response for the desosaminylazithro-

mycin peak in the Standard solution. Calculate the percentage

of N-demethylazithromycin in the portion of Azithromycin

for Injection taken by the formula:

(P)(CS /CU)(ri / rS)(100)

in which P is the potency, in mg per mg, of USP N-

Demethylazithromycin RS; CS is the concentration, in mg per

mL, of USP N-Demethylazithromycin RS in the Standard

solution; CU is the concentration, in mg per mL, of

azithromycin in the Test solution; ri is the response of the

N-demethylazithromycin peak obtained from the Test solu-

tion; and rS is the response for the N-demethylazithromycin

peak in the Standard solution. Calculate the percentage of

each of the other related compounds, including unspecified

impurities, in the portion of Azithromycin for Injection taken

by the formula:

(P/1000)(CS /CU)(ri / rS)(100)

in which (P / 1000) is the potency, converted from mg per mg

to mg per mg, of USP Azithromycin RS; CS is the

concentration, in mg per mL, of USP Azithromycin RS in

the Standard solution; CU is the concentration, in mg per mL,

of azithromycin in the Test solution; ri is the response of the

impurity peak obtained from the Test solution; and rS is the

response for the azithromycin peak in the Standard solution.

The specified and unspecified impurities meet the limits

specified in Table 1. Disregard any peaks corresponding to

those obtained with the Blank.

Table 1

Peak

Identification

Relative

Retention

Time

Limit

(%)

Erythromycin A iminoether1 0.20 1.0

3’-(N,N-Didemethyl)azith-

romycin (aminoazithro-

mycin) + 3’-(N,N-dide-

methyl)-3’-N-formyl-

azithromycin

0.25 1.0

14-Demethyl-14-hydroxy-

methylazithromycin

(azithromycin F)

0.30 1.0

Desosaminylazithromycin 0.31 0.3

3’-N-Demethyl-3’-N-

formylazithromycin

0.32 1.0

N-Demethylazithromycin 0.35 0.7

Erythromycin A oxime2 0.42 1.0

Azaerythromycin A 0.63 1.0

3’-De(dimethylamino)-3’-

oxoazithromycin

0.72 1.0

3’-N-Demethyl-3’-N-[(4-

methylphenyl)sulphonyl]

azithromycin

0.85 1.0

Azithromycin 1.00 —

3-Deoxyazithromycin

(azithromycin B)

1.64 1.0

Any other unspecified

impurity

— 0.2

Total impurities — 3.0

1 (3R,4R,5S,6R,9R,10S,11S,12R,13S,15R,Z)-12-[[3,4,6-trideoxy-3-
(dimethylamino)-b-D-xylo-hexopyranosyl]oxy]-6-ethyl-4,5-dihy-
droxy-10-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-a-L-ribo-hexopyr-
anosyl)oxy]-3,5,9,11,13,15-hexamethyl-7,16-dioxa-2-azabicy-
clo[11.2.1]hexadec-1-en-8-one
2 (3R,4S,5S,6R,7R,9R,11S,12R,13S,14R,E)-6-[[3,4,6-trideoxy-3-
(dimethylamino)-b-D-xylo-hexopyranosyl]oxy]-14-ethyl-7,12,13-tri-
hydroxy-4-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-a-L-ribo-hexo-
pyranosyl)oxy]-10-(hydroxyimino)-3,5,7,9,11,13-hexamethyloxacy-
clotetradecan-2-one
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Black plate (566,1)

Other requirements—It meets the requirements specified

under Injections h1i.

Assay—

Potassium phosphate buffer—Dissolve about 6.7 g of

dibasic potassium phosphate in 1000 mL of water, and mix.

Prior to use, pass through a filter having a porosity of 0.45

mm.

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and Potassium phosphate buffer (52 : 48). Adjust

with 10N potassium hydroxide to a pH of 11.0+ 0.1. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent: a mixture of acetonitrile and water (52 : 48).

Resolution solution—Transfer accurately weighed quan-

tities of USP Azaerythromycin A RS and USP Azithromycin

RS to a suitable volumetric flask. Dissolve in acetonitrile,

using 52% of the final volume. Dilute with water to volume,

and mix to obtain a solution having a known concentration of

about 1 mg each of azaerythromycin and azithromycin per

mL.

Standard preparation—Transfer an accurately weighed

quantity of USP Azithromycin RS to a suitable volumetric

flask. Dissolve in acetonitrile, using about 52% of the final

volume. Dilute with water to volume, and mix to obtain a

solution having a known concentration of about 1 mg of

azithromycin per mL.

Assay preparation—Reconstitute 10 vials individually as

directed in the labeling. Mix the contents of all the

reconstituted vials. Dilute a portion of the mixture quantita-

tively, and stepwise if necessary, with Diluent to obtain a

solution having a nominal concentration of about 1 mg

azithromycin per mL, based on the label claim.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm

detector, a 4.6-mm 6 15-cm column that contains 5-mm

packing L##, and a 4.6-mm 6 1-cm guard column that

contains 5-mm packing L##. The flow rate is about 1 mL per

minute. The column is maintained at about 408. The

autosampler temperature is maintained at 158. Chromato-

graph the Resolution solution, and record the peak responses

as directed for Procedure: the relative retention times are

about 0.68 and 1.0, respectively, for the azaerithromycin A

and azithromycin peaks; and the resolution, R, between the

peaks due to azaerythromycin A and azithromycin is not less

than 2.5. Chromatograph the Standard solution, and record

the peak responses as directed for Procedure: the column

efficiency is not less than 1500 theoretical plates; the tailing

factor is not less than 0.9 and not more than 1.5; and the

relative standard deviation for replicate injections is not more

than 2%.

Procedure—Separately inject equal volumes (about 15 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, and measure the area responses for the

major peaks. Calculate the percentage of the label claim of

azithromycin (C38H72N2O12) in the portion of Azithromycin

for Injection taken by the formula:

(P/1000)(CS /CU)(rU / rS)(100)

in which (P/1000) is the potency, converted from mg per mg

to mg per mg, of USP Azithromycin RS; CS is the

concentration, in mg per mL, of USP Azithromycin RS in

the Standard preparation; CU is the nominal concentration, in

mg per mL, of azithromycin in the Assay preparation; and rU

and rS are the peak area responses for azithromycin obtained

from the Assay preparation and the Standard preparation,

respectively.&1S (USP32)
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Black plate (567,1)

BRIEFING

Betamethasone Oral Solution, USP 31 page 1516. As part of the
goal to continually improve USP monographs and also based on a
submission received, it is proposed to extensively revise this
monograph as follows:
1. The Packaging and storage statement is being revised to indicate
that the product needs to be stored at controlled room temperature.
2. The Thin-layer chromatographic identification test is revised to
provide details that were included previously in the Assay. A new
identification test B is added, based on retention time agreement
using the liquid chromatographic procedure provided in the Assay.
3. The following new tests have been added to the monograph:
Microbial limits, pH, Deliverable volume, and Related compounds.
4. The outdated Assay procedure is replaced with the liquid
chromatographic procedure used for the Related compounds test.
The proposed liquid chromatographic tests for Related compounds
and Assay are based on analyses performed with the YMC Inc. J
Sphere ODS-H80 brand of L1 column. The typical retention time for
betamethasone is about 10 minutes.

(MD-PS: D. Bempong; MSA: R. Tirumalai) RTS—C47515

Change to read:

Packaging and storage—Store between 28 and 258, excursions
permitted up to 308, protected from light. Preserve in a tight
container. Protect from freezing.

&Store at controlled room temperature, protected from light.

Preserve in a tight container.&1S (USP32)

Delete the following:

&Thin-layer chromatographic identification test h201i—
Test solution—Evaporate 1 mL of the Assay preparation, prepared

as directed in the Assay, on a steam bath just to dryness, and dissolve
the residue in 0.5 mL of alcohol.
Developing solvent system: a mixture of chloroform and

diethylamine (2 : 1).
Procedure—Proceed as directed in the chapter. Locate the spots by

lightly spraying with dilute sulfuric acid (1 in 2) and heating on a hot
plate or under a lamp until spots appear.&1S (USP32)

Add the following:

&Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Test solution—Place a volume of Oral Solution equivalent

to about 1.2 mg of Betamethasone in a centrifuge tube. Add

15 mL of 0.1N hydrochloric acid and 20 mL of ethyl acetate.

Rotate the centrifuge tube for about 10 minutes, or shake it

manually for about 1 minute. [NOTE—Do not use a

mechanical shaker.] Centrifuge to separate the phases.

Transfer the upper phase (ethyl acetate) to a small, pear-

shaped flask. Extract the aqueous phase twice more with

20-mL portions of ethyl acetate, and add the extracts to the

pear-shaped flask. Evaporate the combined extracts to dryness

on a steam bath under a gentle stream of nitrogen. Allow to

cool to room temperature. Dissolve the residue in about 0.5

mL of chloroform and methanol (1 : 1), using a vortex mixer.

Transfer the solution to a 2-mL volumetric flask with small

portions of a mixture of chloroform and methanol (1 : 1),

dilute with the mixture of chloroform and methanol (1 : 1) to

volume, and mix.

Standard solution—Prepare a solution of USP Betameth-

asone RS in a mixture of chloroform and methanol (1 : 1)

having a concentration of about 0.6 mg betamethasone per

mL.

Developing solvent system: a mixture of chloroform and

diethylamine (2 : 1).

Procedure—Proceed as directed in the chapter. Locate the

spots by lightly spraying with dilute sulfuric acid (1 in 2);

heat on a hot plate or under a lamp until spots appear.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&1S (USP32)

Add the following:

&Microbial limits h61i—The total aerobic microbial count

does not exceed 100 cfu per mL, and the total combined

molds and yeasts count does not exceed 10 cfu per mL. It

meets the requirements of the test for absence of Escherichia

coli.&1S (USP32)

Add the following:

&pH h791i: between 2.8 and 3.6.&1S (USP32)

Add the following:

&Deliverable volume h698i—For Oral Solution packaged in

multiple-unit containers: meets the requirements.&1S (USP32)

Add the following:

&Related compounds—[NOTE—Protect all standard and test

solutions from light.]
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Black plate (568,1)

Diluent, Buffer, Solution A, Solution B, Mobile phase,

Standard stock preparation, System suitability preparation,

and Assay preparation—Prepare as directed in the Assay.

Standard solution—Quantitatively dilute with Diluent an

aliquot of the Standard stock preparation, as prepared in the

Assay, to obtain a solution having a known concentration of

about 0.48 mg per mL.

Quantitative limit solution—Quantitatively dilute with

Diluent an aliquot of the Standard solution to obtain a

solution having a known concentration of about 0.024 mg per

mL.

Test solution—Prepare as directed for the Assay prepara-

tion.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. Chromatograph the System

suitability preparation, and record the peak responses as

directed for Procedure: the relative retention times are about

1.0 for betamethasone and 1.2 for beclomethasone; the

resolution, R, between betamethasone and beclomethasone is

not less than 4.0; and the relative standard deviation of the

betamethasone peak for replicate injections of the Quantita-

tive limit solution is not more than 10%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solution, the Quantitative limit solution, and

the Test solution into the chromatograph, record the

chromatograms, and measure the peak area responses for

the betamethasone degradation products listed in Table 1 and

for betamethasone. Calculate the percentage of each degra-

dation compound in the portion of Oral solution taken by the

formula:

100(CS /CT)(ri / rS)

in which CS is the concentration, in mg per mL, of

betamethasone in the Standard solution; CT is the concentra-

tion, in mg per mL, of Betamethasone in the Test solution,

based on the label claim; ri is the peak area response for each

degradation compound obtained from the Test solution; and rS

is the peak area response of the betamethasone peak obtained

from the Standard solution. The limits are as specified in

Table 1. &1S (USP32)

Change to read:

Assay—
Developing solvent—Prepare a mixture of chloroform, methanol,

and ammonium hydroxide (175 : 20 : 1).
Tetramethylammonium hydroxide reagent—Dilute 20 mL of

tetramethylammonium hydroxide TS with alcohol to make 100 mL.
Standard preparation—Dissolve a suitable quantity of USP

Betamethasone RS, accurately weighed, in a mixture of chloroform
and methanol (1 : 1) to obtain a solution having a known
concentration of about 0.6 mg per mL.
Assay preparation—Use a pipet calibrated to contain a suitable

volume, and transfer to a 50-mL centrifuge tube an accurately
measured volume of Oral Solution, equivalent to about 1.2 mg of
Betamethasone. Rinse the pipet with 15 mL of 0.1N hydrochloric
acid, then with 20 mL of ethyl acetate, and add the rinsings to the
centrifuge tube. Rotate for about 10 minutes, or shake manually for
about 1 minute. [NOTE—Do not use a mechanical shaker.] Centrifuge
to separate the phases. Transfer the upper phase (ethyl acetate) to a
small, pear-shaped flask. Extract the aqueous phase twice more with
20-mL portions of ethyl acetate, and add the extracts to the pear-
shaped flask. Evaporate the combined extracts on a steam bath under
a gentle stream of nitrogen to dryness. Allow to cool to room
temperature. Dissolve the residue in about 0.5 mL of chloroform and
methanol (1 : 1), using a vortex mixer. Transfer the solution to a 2-
mL volumetric flask with small portions of a mixture of chloroform
and methanol (1 : 1), dilute with the mixture of chloroform and
methanol (1 : 1) to volume, and mix.
Procedure—Apply 200-mL portions of the Assay preparation and

the Standard preparation to a suitable thin-layer chromatographic
plate (see Chromatography h621i) coated with a 0.25-mm layer of
chromatographic silica gel. Allow the spots to dry, and develop the
chromatogram, using the Developing solvent, until the solvent front
has moved about 15 cm. Remove the plates from the developing
chamber, and allow them to dry for about 15 minutes. Mark the
betamethasone bands, using short-wavelength UV light, to include
similar zones of silica gel for the Assay preparation, the Standard
preparation, and a zone containing no betamethasone for the blank.
Scrape off these zones, and transfer them to separate 50-mL
centrifuge tubes. Add 15.0 mL of alcohol to each, and rotate for 20
minutes. Centrifuge to clarify. Transfer 10.0-mL portions of the
supernatant to separate, stoppered tubes. To each tube add 1.0 mL of
blue tetrazolium TS, followed by 1.0 mL of Tetramethylammonium
hydroxide reagent, and mix. Heat in a 358 water bath for about
1 hour. Remove from the water bath, add 1.0 mL of glacial acetic
acid to each tube, and mix. Cool to room temperature. Concomi-
tantly determine the absorbances of the solutions in 1-cm cells at the
wavelength of maximum absorbance at about 525 nm, with a
suitable spectrophotometer. Calculate the quantity, in mg, of
betamethasone (C22H29FO5) in each mL of the Oral Solution taken
by the formula:

2(C/V)(AU – AB) / (AS – AB)

in which C is the concentration, in mg per mL, of USP
Betamethasone RS in the Standard preparation; V is the volume,
in mL, of Oral Solution taken; and AU, AS, and AB are the absorbances
of the solutions from the Assay preparation, the Standard
preparation, and the blank, respectively.

&[NOTE—Protect all standard and assay preparations from

light.]

Diluent—Prepare a mixture of water and dehydrated

alcohol (3 : 2).
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Black plate (569,1)

Buffer—Accurately weigh 6.8 g of monobasic potassium

phosphate, and transfer to a 1-L flask. Add 1 L of water, and

mix until completely dissolved. Adjust with phosphoric acid

to a pH of 2.9, and mix.

Solution A—Prepare a filtered and degassed mixture of

Buffer and acetonitrile (75 : 25).

Solution B—Prepare a filtered and degassed mixture of

Buffer and acetonitrile (55 : 45).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard stock preparation—Dissolve an accurately

weighed quantity of USP Betamethasone RS in alcohol,

and sonicate until completely dissolved to obtain a solution

having a known concentration of about 0.3 mg per mL.

Quantitatively dilute with water an aliquot of the solution to

obtain a solution having a known concentration of about 0.12

mg per mL.

System suitability preparation—Dissolve an accurately

weighed quantity of beclomethasone in alcohol, and sonicate

until completely dissolved to obtain a solution having a

concentration of about 0.3 mg per mL. Quantitatively dilute

with water an aliquot to obtain a solution having a known

concentration of about 0.12 mg per mL. Pipet 10.0 mL of this

solution and 10.0 mL of the Standard stock preparation into a

25-mL volumetric flask, and dilute with Diluent to volume.

Standard preparation—Quantitatively dilute with Diluent

an aliquot of the Standard stock preparation to obtain a

solution having a known concentration of about 0.048 mg per

mL.

Assay preparation—Transfer an accurately measured

volume of Oral Solution, equivalent to about 1.2 mg of

Betamethasone, to a 25-mL volumetric flask, dilute with

Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 15-cm column that contains 4-mm packing

L1. The flow rate is about 1.5 mL per minute. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%)

Elution

0–25.0 100?0 0?100 linear gradient

25.0–25.1 0?100 100?0 linear gradient

25.1–35.0 100 0 re-equilibration

Chromatograph the System suitability preparation, and record

the peak responses as directed for Procedure: the relative

retention times are about 1.0 for betamethasone and 1.2 for

beclomethasone; the resolution, R, between betamethasone

and beclomethasone is not less than 4.0; the tailing factor of

the betamethasone peak is not more than 1.5; and the relative

standard deviation for replicate injections of the Standard

preparation is not more than 2.0%.

Table 1

Degradation Compound

Relative

Retention

Time

Limit

(%)

Betamethasone 1.0 —

9,11-Expoxy-17a,21-dihydroxy-16b-methylpregna-1,4 diene-

3,20-dione

1.25 1.3

17a,21-Dihydroxy-16b-methylpregna-1,4,11-triene-3,20-dione 1.33 0.7
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Black plate (570,1)

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak area responses for the betamethasone peaks.

Calculate the content of betamethasone (C22H29FO5) as a

percentage of the labeled content of betamethasone in the

Oral Solution taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of

betamethasone in the Standard preparation; CU is the

concentration, in mg per mL, of Betamethasone in the

Assay preparation, based on the label claim; and rU and rS are

the peak area responses of the betamethasone peak obtained

from the Assay preparation and the Standard preparation,

respectively.&1S (USP32)

BRIEFING

Bisoprolol Fumarate Tablets, USP 31 page 1545. It is proposed
to specify the composition of the Diluent and the dimensions of the
chromatographic column in Dissolution Test 2. The chromatographic
procedure in this test was validated using a LiChrosorb RP-8 brand
of L7 packing.

(BPC: M. Marques) RTS—C63764

Change to read:

Dissolution h711i—
TEST 1—
Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Time: 20 minutes.
Determine the amount of (C18H31NO4)2 �C4H4O4 dissolved by

employing the following method.
Diluent—Prepare a mixture of methanol, water, triethylamine, and

phosphoric acid (160 : 35 : 5 : 2.5).
Mobile phase—Mix 20 mL of triethylamine with 1000 mL of

water and 680 mL of methanol, adjust with phosphoric acid to a pH
of 4.0+ 0.1, and mix.
Standard stock solution—Quantitatively dissolve an accurately

weighed quantity of USP Bisoprolol Fumarate RS in water to obtain
a solution having a known concentration of about twice the
concentration of bisoprolol fumarate in the Test solution.
Standard solution—Dilute an accurately measured volume of

Standard stock solution with an equal accurately measured volume
of Diluent.
Test solution—Withdraw a portion of the solution under test, filter,

dilute with an equal volume of Diluent, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 227-nm detector and a
4.6-mm 6 33-cm column that contains packing L7. The flow rate is

about 1 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak areas for
bisoprolol. Calculate the quantity, in mg, of bisoprolol fumarate
[(C18H31NO4)2 �C4H4O4] dissolved.
Tolerances—Not less than 80% (Q) of the labeled amount of

(C18H31NO4)2 �C4H4O4 is dissolved in 20 minutes.
TEST 2—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 2.
Medium: 0.5M sodium chloride; 900 mL.
Apparatus 2: 75 rpm.
Time: 20 minutes.
Determine the amount of (C18H31NO4)2 �C4H4O4 dissolved by

employing the chromatographic method described in Test 1,

&with the following modifications: Diluent—Prepare a

mixture of methanol, 0.1N hydrochloric acid, triethylamine,

and phosphoric acid (160 : 35 : 5 : 2.5). The dimensions of the

column are 4.6 mm 6 25 cm.&1S (USP32)
Tolerances—Not less than 80% (Q) of the labeled amount of

(C18H31NO4)2 �C4H4O4 is dissolved in 20 minutes.

BRIEFING

Bupropion Hydrochloride Extended-Release Tablets, USP 31
page 1573 and page 1145 of the Interim Revision Announcement in
PF 33(6) [Nov.–Dec. 2007]. The current text in the test for Related
compounds includes bupropion related compounds C, E, and F. The
chemical identities of bupropion related compound C and F are
given in USP’s general chapter USP Reference Standards h11i;
however, the chemical identity of bupropion related compound E is
not found in USP. Therefore, it is proposed to replace bupropion
related compound E with the actual chemical name, 1-(3-
chlorophenyl)-1,2-propanedione.
It is proposed to add a Dissolution test to this monograph for a

generic product recently approved by FDA. In the absence of
negative comments, it is proposed to implement this revision through
an Interim Revision Announcement pertaining to USP 31–NF 26,
with an official date of October 1, 2008.

(MD-PP: R. Ravichandran; BPC: M. Marques) RTS—C63091;
C60384

Change to read:

Dissolution h711i—
FOR PRODUCTS LABELED FOR DOSING EVERY 12 HOURS—
TEST 1—
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Times: 1, 4, and 8 hours.
Procedure—Determine the amount of C13H18ClNO �HCl dissolved

by employing UV absorption at the wavelength of maximum
absorbance at about 298 nm, using a 1.0-cm cell, on filtered portions
of the solution under test, suitably diluted with Medium, if necessary,
in comparison with a Standard solution having a known concentra-
tion of USP Bupropion Hydrochloride RS in the same Medium.
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Black plate (571,1)

Tolerances—The percentages of the labeled amount of
C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 25% and 45%
4 between 60% and 85%
8 not less than 80%

TEST 2—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 2.
Medium: 0.1N hydrochloric acid, pH 1.5 (prepared by transfer-

ring about 50 mL of concentrated hydrochloric acid to 6000 mL of
water, adding about 18 g of sodium hydroxide, mixing, and adjusting
with either diluted sodium hydroxide or hydrochloric acid to a pH of
1.5+ 0.05); 900 mL, deaerated.
Apparatus 1: 50 rpm.
Times: 1, 2, 4, and 6 hours.
Determine the percentages of the labeled amount of

C13H18ClNO �HCl dissolved by employing the following method.
Buffer solution—Dissolve 3.45 g of sodium phosphate monobasic

monohydrate in 996 mL of water, add 4.0 mL of triethylamine, and
mix. Adjust with phosphoric acid to a pH of 2.80+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and methanol (65 : 35). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Standard solution—Dissolve an accurately weighed quantity of

USP Bupropion Hydrochloride RS in Medium, and dilute quantita-
tively, and stepwise if necessary, with Medium to obtain a solution
having a known concentration similar to the one expected in the Test
solution.
Test solution—Use portions of the solution under test, and pass

through a 0.45-mm nylon filter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 298-nm detector and a
4.6-mm 6 15-cm column that contains packing L1. The flow rate is
about 1.0 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the column
efficiency is not less than 2000 theoretical plates; the tailing factor is
not more than 2.0; and the relative standard deviation for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of bupropion hydrochloride dissolved at
each time point.
Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 25% and 50%
2 between 40% and 65%
4 between 65% and 90%
6 not less than 80%

TEST 3—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 3.
Medium, Apparatus, and Procedure—Proceed as directed for Test

1, except using the wavelength of about 250 nm.
Times: 1, 2, 4, and 6 hours.
Tolerances: The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 30% and 55%
2 between 50% and 75%
4 between 70% and 90%
6 not less than 80%

TEST 5—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 5.
Medium and Procedure—Proceed as directed for Test 1.
Apparatus—Proceed as directed for Test 1, except to use a 0.5-cm

cell.
Times: 1, 3, and 6 hours.
Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 35% and 55%
3 between 65% and 85%
6 not less than 80%

.TEST 7—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 7.

Medium, Apparatus 1, and Times—Proceed as directed for

Test 2, including the quantitative chromatographic method,

but using as the Mobile phase a mixture of Buffer solution

with methanol (55 : 45).

Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to

Acceptance Table 2.

Time (hours) Amount dissolved

1 between 25% and 50%

2 between 45% and 70%

4 not less than 70%

6 not less than 80%

.5
FOR PRODUCTS LABELED FOR DOSING EVERY 24 HOURS—
TEST 4—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 4.
Medium: 0.1N hydrochloric acid; 900 mL, deaerated.
Apparatus 1: 75 rpm.
Time: 2, 4, 8, and 16 hours.
Procedure—Determine the amount of C13H18ClNO �HCl dissolved

by employing UV absorption at the wavelength of maximum
absorbance at about 252 nm, using a 1.0-mm cell, on filtered
portions of the solution under test, suitably diluted with Medium, if
necessary, in comparison with a Standard solution having a known
concentration of USP Bupropion Hydrochloride RS in the same
Medium.
Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

2 not more than 20%
4 between 20% and 45%
8 between 65% and 90%
16 not less than 80%

.TEST 6—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 6.
Medium and Apparatus: Proceed as directed for Test 4.
Times: 1, 2, 4, 8, and 12 hours.
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Black plate (572,1)

Procedure—Determine the amount of C13H18ClNO �HCl dissolved
by employing UV absorption at the wavelength of maximum
absorbance at about 298 nm, using a 1.0-cm cell, on filtered portions
of the solution under test, suitably diluted withMedium, if necessary,
in comparison with a Standard solution having a known concentra-
tion of USP Bupropion Hydrochloride RS in the same Medium.
Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 15% and 35%
2 between 25% and 50%
4 between 40% and 65%
8 between 65% and 90%
12 not less than 80%

.6

Change to read:

Related compounds—
Solution A, Solution B, Mobile phase, System suitability solution

1, System suitability solution 2, and Chromatographic system—
Proceed as directed in the Assay.
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Test solution—Use the Assay preparation.
Procedure—Separately inject equal volumes (about 5 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the areas for the major
peaks. Calculate the percentage of each impurity in the portion of
Tablets taken by the formula:

100(C/D)F(ri / rS)

in which C is the concentration, in mg per mL, of bupropion
hydrochloride in the Standard solution; F is the relative response
factor for each impurity (see the accompanying table); D is the
concentration, in mg per mL, of bupropion hydrochloride in the Test
solution, based on the number of Tablets taken, the labeled quantity
per Tablet, and the extent of dilution; ri is the peak response for each
impurity obtained from the Test solution; and rS is the peak response
for bupropion hydrochloride obtained from the Standard solution.
See the accompanying table for limits of individual impurities based
upon Tablet strength.

BRIEFING

Cabergoline Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph is being
proposed. The liquid chromatographic procedures in the tests for
Dissolution and Related compounds and in the Assay are based on
analyses performed with the 10-mm Nucleosil 100-10 C18 brand of
L1 column. The typical retention time for cabergoline is about 12
minutes.

(MD-PP: R. Ravichandran; BPC: M. Marques) RTS—C56285

Add the following:

&Cabergoline Tablets

» Cabergoline Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of cabergoline (C26H37N5O2).

Packaging and storage—Preserve in light-resistant, tight

containers, and store at controlled room temperature.

USP Reference standards h11i—USP Cabergoline RS.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, as obtained in

the Assay.

Dissolution h711i—

Medium: 0.1N hydrochloric acid; 500 mL, degassed with

helium.

Limit (%)

Compound
Relative

Retention Time F
100 mg or

less
150 mg or
greater

2-Amino-1-(3-chlorophenyl)-1-propanone about 0.38 0.80 0.3 0.3
(3S,5S,6S)-6-(3-Chlorophenyl)-6-hydroxy-5-methyl-3-thiomorpholine
carboxylic acid

about 0.56 0.86 1.0 1.5

(3S,5R,6R)-6-(3-Chlorophenyl)-6-hydroxy-5-methyl-3-thiomorpholine
carboxylic acid

about 0.78 0.88 0.5 0.4

Bupropion 1.0 — — —
Bupropion related compound F about 1.71 0.55 1.2 2.3
Bupropion related compound C about 1.75 0.59 0.3 0.3
m-Chlorobenzoic acid about 1.80 0.24 0.3 0.3
Bupropion related compound E

&1-(3-Chlorophenyl)-1,2-propanedione&1S (USP32)

about 2.25 1.00 0.4 0.4

Any unspecified impurity — 1.00 0.2 0.2
Total impurities — — 3.2 3.3
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Black plate (573,1)

Apparatus 2: 50 rpm.

Time: 15 minutes.

Determine the amount of C26H37N5O2 dissolved by

employing the following procedure.

Mobile phase and Chromatographic system—Prepare as

directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Cabergoline RS in Medium to obtain a solution

having a known concentration of about 1 mg per mL.

Test solution—Pass the solution under test through a

suitable 0.7-mm filter, discarding the first few mL.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the column efficiency is not less than 3000

theoretical plates; and the relative standard deviation for

replicate injections is not more than 2%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of C26H37N5O2

dissolved by the formula:

in which rU and rS are the responses for the cabergoline peak

obtained from the Test solution and the Standard solution,

respectively; CS is the concentration of USP Cabergoline RS,

in mg per mL, in the Standard solution; 500 is the volume of

Medium; and L is the Tablet label claim, in mg per Tablet.

Tolerances—Not less than 75% (Q) of the labeled amount

of C26H37N5O2 is dissolved in 15 minutes.

Uniformity of dosage units h905i: meets the requirements.

Chromatographic purity—[NOTE—Prepare solutions im-

mediately before use, and protect from light.]

Mobile phase—Prepare as directed in the Assay.

Resolution solution—To 10 mL of 0.1M sodium hydroxide

add 50 mg of cabergoline. Stir for about 15 minutes. To 1 mL

of the suspension add 1 mL of 0.1M hydrochloric acid, and

dilute with Mobile phase to 10 mL. Sonicate until dissolution

is complete. The main degradation product obtained is

cabergoline related compound A.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph (about 20

mL) of the Resolution solution, and record the peak responses

as directed for Procedure. Identify the peaks due to cabergo-

line related compound A and cabergoline using the relative

retention times (RRT) given in Table 1: the resolution, R,

between cabergoline and cabergoline related compound A is

not less than 3.0.

Procedure—Inject a volume (about 100 mL) of the Test

solution into the chromatograph, and record the chromato-

gram. Calculate the percentage of each impurity in the portion

of Tablets taken by the formula:

100(ri / rs)

in which ri is the peak area of each impurity obtained from the

Test solution; and rs is the sum of the peak areas of all the

impurities and the main peak due to cabergoline obtained

from the Test solution. Calculate the percentage of total

impurities in the portion of Tablets taken by the formula:

100(rt / rs)

in which rt is the sum of the peak areas of all the impurities

obtained from the Test solution; and rs is the sum of the peak

areas of all the impurities and the main peak due to

cabergoline obtained from the Test solution. The relative

retention times and limits for cabergoline related compounds

A and cabergoline N-oxide are given in Table 1.
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Black plate (574,1)

Table 1

Name RRT Limit (%)

Cabergoline related compound A1 0.8 NMT 2.0

Cabergoline 1.0 —

Cabergoline N-oxide2 1.4 NMT 1.0

Any unspecified degradation

product

— NMT 0.5

Total — NMT 2.5

1 (6aR,9R,10aR)-7-(Prop-2-enyl)-4,6,6a,7,8,9,10,10a-octahydroin-
dolo[4,3-fg]quinoline-9-carboxylic acid.
2 (6aR,9R,10aR)-7-Allyl-N-(3-(dimethylazinoyl)propyl)-N-(ethylcar-
bamoyl)-4,6,6a,7,8,9,10,10a-octahydroindolo[4,3-fg]quinoline-9-car-
boxamide.

Assay—[NOTE—Prepare solutions immediately before use,

and protect from light.]

Buffer—Transfer 6.8 g of monobasic potassium phosphate

to a 1-L volumetric flask. Dissolve the contents in 900 mL of

water. Adjust with phosphoric acid to a pH of 2.0. Dilute with

water to volume, add 0.2 mL of triethylamine, and mix well.

Mobile phase—Prepare a mixture of Buffer and acetonitrile

(84 : 16), and degas. Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Cabergoline RS in Mobile phase to obtain a

solution having a known concentration of about 0.25 mg per

mL. [NOTE—Sonication may be used to aid in the dissolution

of cabergoline.]

Assay preparation—Grind not fewer than 20 Tablets into a

fine powder. Transfer an accurately weighed portion of the

powder, equivalent to about 2.5 mg of cabergoline based on

the label claim, to a 10-mL volumetric flask. Dilute with

Mobile phase to volume, and sonicate until completely

dissolved. This solution has a nominal concentration of about

0.25 mg per mL of cabergoline, based on the label claim.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 4.0-mm 6 25-cm column that contains 10-mm packing

L1. The flow rate is about 1.3 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is not less than

1000 theoretical plates; and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the peak responses. Calculate the percentage of the

label claim of C26H37N5O2 in the portion of Tablets taken by

the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration of USP Cabergoline RS, in

mg per mL, in the Standard preparation; CU is the nominal

concentration of carbergoline, in mg per mL, in the Assay

preparation, based on the label claim; and rU and rS are the

peak responses for cabergoline obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP32)

BRIEFING

Carvedilol, page 1057 of PF 32(4) [July–Aug. 2006]. The MD
CV Expert Committee previously approved this monograph as an
Authorized USP Pending Standard that was posted on the web at
http://www.usp.org/standards/pending/. This new monograph is now
forwarded to In-Process Revision following the FDA approval of the
Pending Standard.
According to the USP Pending Standards Guideline, after FDA

approval is granted and the safety and efficacy of the drug have been
established, ‘‘ . . . the monograph will become official and be moved
to USP–NF via a proposed Interim Revision Announcement pursuant
to Section 9.02 (b) of the Rules and Procedures of the Council of
Experts. The proposed monograph shall be published in Pharma-
copeial Forum (PF) with a sixty (60) day comment period, and
following approval by the relevant Expert Committee the mono-
graph shall be published as final in the second edition of PF
following the edition in which the proposed monograph was
published, and shall be official on the first day of the second
month of such PF.’’ Subject to consideration of comments received
during the comment period, it is proposed to implement this revision
via the Interim Revision Announcement pertaining to USP 31–NF 26
in PF 34(5) [Sept.–Oct. 2008] with an official date of October 1,
2008.
On the basis of comments received from other manufacturers, the

following revisions are proposed:
1. The percentage of Assay limits, which are stated in the

Definition, are revised from 99.0%–101.0% to 98.0%–102.0%.
These limits are representative of the marketed products.

2. It is proposed to use a flexible monograph approach to indicate
that manufacturers could perform either Test 1 or Test 2 in the
test for Related compounds, based on their labeling instructions
and impurity profile.
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3. A Labeling statement has been added because of this flexible
monograph approach.

4. The liquid chromatographic procedures in Test 1 of the test for
Related compounds and in the Assay are based on analyses
performed with the YMC Pro brand type of column containing
packing L7. The typical retention time for the carvedilol peak is
about 5 minutes under the specified conditions for this test.

5. The proposed addition of Test 2 in the Related compounds test
indicates the use of a new Reference Standard, USP Carvedilol
System Suitability Mixture RS, which has been added to the
USP Reference standards section.. The liquid chromatographic
procedure in Related compounds, Test 2 is based on analyses
performed with the Supelco Suplex pKb-100, 5-mm column
containing packing L## (see Chromatographic Reagents under
Reagents, Indicators, and Solutions). The typical retention time
for the carvedilol peak is about 16 to 20 minutes.

6. A test for the Limit of Carvedilol related compound F has been
proposed to quantify the carvedilol related compound F, if
present. This test is performed using a Spherisorb C8, 3-mm
column containing packing L7. The typical retention times for
carvedilol and carvedilol related compound F peak are about 5
and 8 minutes, respectively.

(MD-CV: S. Ramakrishna) RTS—C63255; C51159

Add the following:

.Carvedilol

C24H26N2O4 406.47

2-Propanol, 1-(9H-carbazol-4-yloxy)-3-[[2-(2-methoxyphe-

noxy)ethyl]amino]-, (+)-.

(+)-1-Carbazol-4-yloxy)-3-[[2-(o-methoxyphenoxy)ethyl]a-

mino]-2-propanol [72956-09-3].

» Carvedilol contains not less than 99.0 percent and

not more than 101.0 percent of not less than 98.0

percent to 102.0 percent of C24H26N2O4, calculated

on the dried basis.

Packaging and storage—Preserve in tight containers, and

store at 258; excursions permitted between 158 and 308.

controlled room temperature.

Labeling—If a test for Related compounds by HPLC other

than Test 1 is used, then the labeling states with which test the

article complies.

USP Reference standards h11i—USP Carvedilol RS. USP

Carvedilol Related Compound A RS. USP Carvedilol Related

Compound B RS. USP Carvedilol Related Compound C RS.

USP Carvedilol Related Compound D RS. USP Carvedilol

Related Compound E RS. USP Carvedilol System Suitability

Mixture RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Loss on drying h731i—Dry it at 1058 for 3 hours: it loses not

more than 0.5% of its weight.

Heavy metals, Method II h231i: not more than 0.001%.

Residue on ignition h281i: not more than 0.1%, using a

1-g specimen.

Related compounds—[NOTE—On the basis of process

related impurities, perform either Test 1 or Test 2. Test 2 is

recommended when carvedilol related compound F is a

potential impurity.]

TEST 1—

Buffer and Mobile phase—Proceed as directed in the Assay.

System suitability solution—Dissolve accurately weighed

quantities of USP Carvedilol RS and USP Carvedilol Related

Compound C RS in Mobile phase to obtain a solution having

known concentrations of about 0.05 mg of each per mL.

Standard solution—Dissolve accurately weighed quantities

of each of USP Carvedilol RS, USP Carvedilol Related

Compound A RS, USP Carvedilol Related Compound B RS,

USP Carvedilol Related Compound C RS, USP Carvedilol

Related Compound D RS, and USP Carvedilol Related

Compound E RS, in Mobile phase, to obtain a solution

having known concentrations of about 0.001 mg per mL of
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Black plate (576,1)

each of USP Carvedilol RS and USP Carvedilol Related

Compounds A, B, D, and E RS, and 0.2 mg per mL of USP

Carvedilol Related Compound C RS.

Test solution—Prepare a solution of Carvedilol in Mobile

phase having a concentration of about 1 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a dual wavelength

detector (use 220 nm for quantitating carvedilol related

compound E and 240 nm for carvedilol and all other related

compounds) and a 4.6-mm 6 15-cm column that contains

5-mm packing L7. The flow rate is about 1.0 mL per minute.

The column temperature is maintained at 558. Chromatograph

the System suitability solution, and record the peak responses

as directed for Procedure: the resolution, R, between

carvedilol and carvedilol related compound C is not less

than 17.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of carvedilol related

compounds A, B, C, D, and E in the portion of Carvedilol

taken by the formula:

100(CS /CU) (ri / rS)

in which CS is the concentration, in mg per mL, of each of the

known impurities in the Standard solution; CU is the

concentration, in mg per mL, of Carvedilol in the Test

solution; ri is the peak response of each impurity obtained

from the Test solution; and rS is the peak response of each

impurity obtained from the Standard solution. To calculate

the percentage of any other impurities, for CS in the formula,

use the concentration of USP Carvedilol RS.

Table 1

Name

Relative

Retention

Time Limit (%)

Carvedilol related com-

pound A1

0.52 0.1

Carvedilol related com-

pound B2

8.5 0.1

Carvedilol 1.0 —

Carvedilol related com-

pound C3

3.6 0.02

Carvedilol related com-

pound D4

5.0 0.1

Carvedilol related com-

pound E5

0.35 0.1

Any other individual impu-

rity

— 0.10

1 1-(4-(2-Hydroxy-3-(2-(2-methoxyphenoxy)ethylamino)propoxy)-
9H-carbazol-9-yl)-3-(2-(2-methoxyphenoxy)ethylamino) propan-2-
ol;
2 3,3’-(2-(2-Methoxyphenoxy)ethylazanediyl)bis(1-(9H-carbazol-4-
yloxy)propan-2-ol).
3 (1-(9H-Carbazol-4-yloxy)-3-(benzyl(2-(2-methoxyphenoxy)eth-
yl)amino)propan-2-ol.
4 4-(Oxiran-2-ylmethoxy)-9H-carbazole.
5 2-(2-Methoxyphenoxy)ethyl amine.

In addition to not exceeding the limits for impurities in Table

1, not more than 0.5% of total impurities is found. [NOTE—

Disregard any impurity less than 0.01%, calculated using the

Standard solution.]

TEST 2—

Solution A: a mixture of acetonitrile and trifluoroacetic

acid (100 : 0.1).

Solution B: a mixture of water and trifluoroacetic acid

(100 : 0.1).

Diluent: a mixture of water, acetonitrile, and trifluoroa-

cetic acid (78 : 22 : 0.1)

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed under Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).
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System suitability solution—Dissolve an accurately

weighed quantity of USP Carvedilol System Suitability

Mixture RS in Diluent to obtain a solution having a known

concentration of 1.0 mg per mL.

Test solution—Prepare a solution of Carvedilol in Diluent

having a known concentration of about 1 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L## (see Chromatographic Reagents under Reagents,

Indicators, and Solutions). The flow rate is about 1.4 mL

per minute. The column temperature is maintained at 308. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–20 22 78 isocratic

20–33 22?38 78?62 linear gradient

33–45 38 62 isocratic

45–55 38?55 62?45 linear gradient

55–65 55 45 isocratic

65–68 55?22 45?78 linear gradient

68–80 22 78 re-equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the resolution, R,

between carvedilol and carvedilol related compound F is not

less than 1.8.

Procedure—Inject about 20 mL of the Test solution into the

chromatograph, record the chromatogram, and measure the

peak responses. Calculate the percentage of carvedilol related

compounds in the portion of Carvedilol taken by the formula:

100(ri / rs)

in which ri is the peak response of each impurity obtained

from the Test solution; and rs is the sum of the peak responses

of all the peaks obtained from the Test solution. The relative

retention times and the limits of the individual impurities are

provided in Table 2.

Table 2

Name

Relative

Retention

Time

Limit

(%)

Carvedilol related com-

pound F1

1.2 0.1*

Carvedilol related com-

pound C2

1.8 0.02

Carvedilol 1.0 —

N,O-Bis-carvedilol3 0.7 0.1

N,N-Bis-carvedilol4 2.1 0.1

N-Isopropylcarvedilol5 1.6 0.1

Biscarbazole6 3 0.1

Any other individual im-

purity

— 0.1

1 1-(2-(2-Methoxyphenoxy)ethylamino)-3-(6,7,8,9-tetrahydro-5H-
carbazol-4-yloxy)propan-2-ol.
2 1-(9H-Carbazol-4-yloxy-3-benzyl[[2-(2-methoxyphenoxy)ethyl]a-
mino]-2-propanol.
3 1-[9-[3-[2-(2-Methoxyphenoxy)ethylamino]-2-hydroxypropyl]-
9H-carbazol-4-yloxy]-3-[2-(2-methoxyphenoxy)ethylamino]-2-pro-
panol.
4 1,1’-[2-(2-Methoxyphenoxy)ethyl]iminobis [3(9-H-carbazol-4-
yloxy)]-2-propanol.
5 1-(H-Carbazol-4-yloxy)-3-[[2-(2-methoxyphenoxy)ethyl]N-isopro-
pylamino]-2-propanol.
6 1,3-Bis-(9H-carbazol-4-yloxy)-2-propanol.
* This impurity is quantitated using the Limit of carvedilol related
compound F test.

In addition to not exceeding the limits for impurities in Table

2, not more than 0.5% of total impurities is found.

Limit of carvedilol related compound F (if present)—

Solution A: a mixture of water and trifluoroacetic acid

(100 : 0.5).

Solution B: a mixture of methanol and trifluoroacetic acid

(100 : 0.5)

Mobile phase—Prepare a filtered and degassed mixture of

Solution A and Solution B (65 : 35).
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Diluent—Prepare a mixture of water and acetonitrile (1 : 1).

System suitability solution—Dissolve an accurately

weighed quantity of USP Carvedilol System Suitability

Mixture RS in Diluent to obtain a solution containing 1.5

mg per mL.

Test solution—Accurately weigh a known quantity of

Carvedilol into a suitable volumetric flask, and add about

1.9 mL of Diluent per mg of the Carvedilol. Sonicate briefly

to dissolve. This solution has a known concentration of about

1.5 mg of Carvedilol per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 226-nm detector

and a 4.6-mm6 30-cm column that contains 3-mm packing L

7. The flow rate is about 2 mL per minute. The column

temperature is maintained at 408. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the resolution, R, between carvedilol and

carvedilol related compound F is not less than 2.0.

Procedure—Inject about 10 mL of the Test solution into the

chromatograph, record the chromatogram, and measure the

peak responses. Calculate the percentage of carvedilol related

compound F in the portion of Carvedilol taken by the

formula:

(100/F)(ri / rs)

in which ri is the peak response of carvedilol related

compound F obtained from the Test solution; rs is the sum

of the peak responses of carvedilol and carvedilol related

compound F obtained from the Test solution; and F is the

relative response factor equal to 1.1.

Assay—

Buffer—Dissolve 2.72 g of monobasic potassium phos-

phate, accurately weighed, in 1000 mL of water, and adjust

with dilute phosphoric acid to a pH of 2.0.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer and acetonitrile (69 : 31). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

System suitability solution—Dissolve accurately weighed

quantities of USP Carvedilol RS and USP Carvedilol Related

Compound A RS in Mobile phase to obtain a solution having

known concentrations of about 0.05 mg of each per mL.

Standard preparation—Dissolve an accurately weighed

quantity of USP Carvedilol RS in Mobile phase to obtain a

solution having a known concentration of about 0.04 mg per

mL.

Assay preparation—Transfer an accurately weighed quan-

tity of about 20 mg of Carvedilol to a 100-mL volumetric

flask, dissolve in and dilute withMobile phase to volume, and

mix. In a standardized volumetric flask transfer 10 mL of this

solution, and further dilute with Mobile phase to 50 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L7. The flow rate is about 1.0 mL per minute, and the run

time is about 60 minutes. The column temperature is

maintained at 558. Chromatograph the System suitability

solution, and record the peak responses as directed for

Procedure: the resolution, R, between carvedilol and

carvedilol related compound A is not less than 4.0; the

tailing factor for carvedilol is not more than 1.5; and the

relative standard deviation for replicate injections is not more

than 2%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak responses. Calculate the percentage of C24H26N2O4 in

the portion of Carvedilol taken by the formula:

100(CS /CU) (rU / rS)
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in which CS is the concentration, in mg per mL, of USP

Carvedilol RS in the Standard preparation; CU is the

concentration, in mg per mL, of Carvedilol in the Assay

preparation; and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively..5

BRIEFING

Carvedilol Tablets. Carvedilol Tablets monograph proposals
previously appeared for public comment in PF 33(5) page 888
[Sept.–Oct. 2007] and also as a Pending Standard at http://
www.usp.org/standards/pending. A flexible monograph, based on
these two monographs, is proposed for In-Process Revision
following the FDA approval of the product of the pending standard
sponsor. Based on the USP Pending Standards Guidelines, after
FDA approval is granted and the safety and efficacy of the drug have
been established, ‘‘ . . . the monograph will become official and be
moved to USP–NF via a proposed Interim Revision Announcement
pursuant to Section 9.02 (b) of the Rules and Procedures of the
Council of Experts.
The proposed monograph shall be published in Pharmacopeial

Forum (PF) with a sixty (60) day comment period, and following
approval by the relevant Expert Committee the monograph shall be
published as final in the second edition of PF following the edition
in which the proposed monograph was published, and shall be
official on the first day of the second month of such PF.’’ Subject to
consideration of comments received during the comment period, it is
proposed to revise the monograph to accomodate the approved
marketed products and to implement this revision via the Interim
Revision Announcement pertaining to USP 31–NF 26 in PF 34(5)
[Sept.–Oct. 2008] with an official date of October 1, 2008.
On the basis of comments received, the following revisions are

proposed:
1. The label claim (mg) of 6.5 in Table 1 under Dissolution test

1 is corrected to 6.25 mg as per the comments received from
FDA.

2. The column type mentioned in the briefing in PF 33(5) page
888, is revised to indicate the correct and full name for the
column. The chromatographic procedures in the test for Related
compounds and in the Assay are based on analyses performed
with the 5-mm Phenomenex IB-SIL brand of L7 column.
Alternatively, a 5-mm Hypersil MOS-2 brand of L7 column can
be used. The typical retention time for the carvedilol peak is
about 15 minutes.

(MD-CV: S. Ramakrishna; BPC: M. Marques) RTS— C63257;
C62805

Add the following:

.Carvedilol Tablets

» Carvedilol Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of C24H26N2O4.

Packaging and storage—Preserve in tight, light-resistant

containers protected from moisture. Store at controlled room

temperature.

Labeling—If a test for Dissolution other than Test 1 is used,

then the labeling states the test with which the article

complies.

USP Reference standards h11i—USP Carvedilol RS.

Identification—

A: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

B: Ultraviolet Absorption h197Ui—

Solution—Place about 10 Tablets in a 150-mL polypropyl-

ene tube, and disintegrate the Tablets in methanol (about 100

mL for the Tablet strengths 3.125, 6.25, and 25 mg, and about

50 mL for the Tablet strength 12.5 mg) using a mechanical

homogenizer. Transfer the homogenate to an appropriate

volumetric flask, and dilute with methanol to volume to

prepare a solution having a known concentration of about

0.125 mg per mL. Filter through a suitable PTFE 0.45-mm

filter. The UV absorption spectrum in the range of 250 to 400

nm should compare with that of a Reference Standard

solution similarly prepared.

Dissolution h711i—

TEST 1—

Medium: hydrochloric acid adjusted to a pH of 1.45

+0.2; 900 mL, deaerated.

Apparatus 2: 50 rpm.

Time: 30 minutes.
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Determine the amount of carvedilol dissolved employing

the following method.

Standard stock solution—Transfer about 7 mg, accurately

weighed, of USP Carvedilol RS to a 250-mL volumetric

flask. Add 5 mL of methanol, and sonicate until dissolved.

Cool to room temperature, dilute with Medium to volume,

and mix well.

Working standard solution—Based on the label claim, and

using the Standard stock solution,prepare a solution of USP

Carvedilol RS having an appropriate concentration (Cs) as

shown in Table 1 below.

Table 1

Label claim (mg) CS (mg per mL)

25 0.028

12.5 0.014

6.5 6.25 0.007

3.125 0.0035

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Procedure—Determine the absorbance of the Working

standard solution and the Test solution at 285 nm and 380

nm using a 1-cm cell, and Medium as the blank. Calculate the

corrected absorbance of the Working standard solution and

the Test solution as follows:

in which Acorr is the corrected absorbance of the Working

standard solution or the Test solution; A285 is the absorbance

of the Working standard solution or the Test solution at 285

nm; and A380 is the absorbance of the Working standard

solution at 380 nm. Calculate the percentage of carvedilol

dissolved as follows:

in which AU is the absorbance obtained from the Test solution;

AS is the corrected absorbance obtained from the Working

standard solution; CS is the concentration, in mg per mL, of

the Working standard solution, corresponding to the label

claim as shown in Table 1; 900 is the volume, in mL, of

Medium; 100 is the conversion factor to percentage; and L is

the Tablet label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of carvedilol is dissolved in 30 minutes.

TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: simulated gastric fluid without enzymes; 900

mL.

Apparatus, Time, Standard stock solution, Working

standard solution, Test solution, and Procedure—Proceed as

directed for Test 1.

Tolerances—Not less than 80% (Q) of the labeled amount

of carvedilol is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

Buffer solution, Mobile phase, Diluent, Methanol solution,

and Chromatographic system—Prepare as directed in the

Assay.

Standard solution—Prepare as directed for the Standard

preparation in the Assay.

Test solution—Place 1 Tablet into a volumetric flask of

appropriate size, based on the label claim. Add water to the

flask up to about 10% of volume, and shake by hand to

disintegrate the Tablet. Fill the flask up to 75% of volume

with Diluent, and sonicate to obtain complete disintegration

(about 30 minutes). Shake on a mechanical shaker for 30

minutes, allow to cool, and dilute with Diluent to volume to

obtain a solution having a known concentration of about 0.25

mg of carvedilol per mL, based on the label claim. Centrifuge
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an appropriate amount of this solution for 10 minutes at 2400

rpm, and transfer 4 mL of supernatant into a 100-mL

volumetric flask. Fill the flask to about 85% of volume with

Methanol solution, and sonicate for 20 minutes, with

intermittent shaking. Dilute with Methanol solution to

volume, and pass through a suitable 0.45-mm syringe filter

(Gelman Acrodisc or equivalent).

Procedure—Separately inject equal volumes (about 25 mL)

of the Test solution and the Standard solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the quantity, in mg,

of C24H26N2O4 in the Tablet taken by the formula:

L(CS /CU)(rU / rS)

in which L is the labeled quantity, in mg, of carvedilol in the

Tablet; CS is the concentration, in mg per mL, of USP

Carvedilol RS in the Standard solution; CU is the concentra-

tion, in mg per mL, of carvedilol in the Test solution based on

the labeled quantity per Tablet; and rU and rS are the carvedilol

peak responses obtained from the Test solution and the

Standard solution, respectively.

Related compounds—

Buffer solution, Mobile phase, Methanol solution, Diluent

and Chromatographic system—Prepare as directed in the

Assay.

Standard solution—Dilute quantitatively, and stepwise if

necessary, the Standard preparation from the Assay with a

mixture of water and Diluent (1 : 1) to obtain a solution

having a known concentration of about 12.5 1.25 mg per mL.

Test solution—Pipet 25 mL of the supernatant obtained in

Step A of the Assay preparation into a 50-mL volumetric

flask, and dilute with water to volume. Pass a portion of the

solution through a suitable 0.45-mm (Gelman Acrodisc or

equivalent) syringe filter, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the tailing factor for the carvedilol peak is not

more than 2.0; and the relative standard deviation for replicate

injections is not more than 3.0%.

Procedure—Separately inject equal volumes (about 15 mL)

of the Standard solution and the Test solution into the

chromatograph. Measure the responses of the carvedilol peak

obtained from the Standard solution and those of all the peaks

from the Test solution, other than that of carvedilol. Disregard

the peaks with relative retention times of less than or equal to

0.04 and peaks with less than 0.05% of the nominal carvedilol

peak response in the Standard solution. Calculate the

percentage of related compounds in the portion of the Tablets

taken by the formula:

100(CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL, of USP

Carvedilol RS in the Standard solution; CU is the concentra-

tion, in mg per mL, of carvedilol in the Test solution; ri is the

sum of the peak responses of all impurities obtained from the

Test solution; and rS is the peak response of carvedilol

obtained from the Standard solution: not more than 0.2% of

any individual specified or unspecified impurity is found; and

not more than 1.0 % of total impurities is found.

Assay—

Buffer solution—Transfer about 0.7 g of anhydrous mono-

basic potassium phosphate to a 1000-mL volumetric flask.

Dissolve in 500 mL of water, and add 10 mL of triethylamine.

Adjust with phosphoric acid to a pH of 3.0+ 0.1.

Mobile phase—Transfer about 1.04 g of sodium dodecyl

sulfate (SDS), accurately weighed, to a 2-L volumetric flask,

dissolve in about 150 mL of the Buffer solution, and sonicate.

Add 720 mL of acetonitrile, and dilute with water to volume.

Pass the Mobile phase through a 0.2-mm nylon 66 filter. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent—Prepare a mixture of methanol and 1M hydro-

chloric acid (9 : 1).
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Black plate (582,1)

Methanol solution—Prepare a mixture of methanol and

water (1 : 1), and mix well.

Standard preparation—Dissolve an accurately weighed

quantity of USP Carvedilol RS in a mixture of Diluent and

water (9 : 1), and sonicate until the solution is clear. Dilute

quantitatively, and stepwise if necessary, with Methanol

solution to obtain a solution having a known concentration of

about 0.0125 mg per mL.

Assay preparation—

STEP A—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 25 mg of carvedilol, to a 100-

mL volumetric flask. Add 10 mL of water, shake by hand,

then add 70 mL of Diluent, and sonicate for about 30 minutes.

Shake on a mechanical shaker for about 30 minutes, and

dilute with Diluent to volume to obtain a solution having a

known concentration of about 0.25 mg per mL. Centrifuge an

appropriate amount (about 50 mL) at 2000 rpm for 10

minutes.

STEP B—Pipet 10 mL of the supernatant into a 200-mL

volumetric flask, and dilute with Methanol solution to

volume. Pass a portion of the solution through a suitable

0.45-mm (Gelman Acrodisc or equivalent) syringe filter, and

use the filtrate as the Assay preparation after discarding the

first 5 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detector

and a 4.6- 6 50-mm column that contains packing L7 and is

maintained at a temperature of 408. The flow rate is about

1 mL per minute, and the run time is about 30 minutes.

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the tailing factor is

not more than 2.0 for the carvedilol peak; and the relative

standard deviation for replicate injections is not more than

2.0%.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percentage of the label claim, of C24H26N2O4 in each Tablet

taken by the formula:

100(CS / CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Carvedilol RS in the Standard preparation; CU is the normal

concentration, in mg per mL, of carvedilol in the Assay

preparation, based on the label claim; and rU and rS are the

carvedilol peak responses obtained from the Assay prepara-

tion and the Standard preparation, respectively..5

BRIEFING

Chlorhexidine Acetate; Chlorhexidine Hydrochloride. Because
there are no existing USP monographs for these articles, new
monographs are being proposed based upon validated procedures.
The Related compounds, Limit of p-chloroaniline, and Assay are
HPLC procedures using 4.6-mm 6 25-cm column that contains
base-deactivated 5-mm packing L1. USP has received data indicating
that Phenomenex Luna C18 and Waters Symmetry C18 HPLC
columns are suitable for these tests.

(VET: I. DeVeau) RTS—C57519

Add the following:

&Chlorhexidine Acetate

C22H30Cl2N10 � 2C2H4O2 625.55

2,4,11,13-Tetraazatetradecanediimidamide,N,N’’-bis(4-chlo-

rophenyl)-3,12-diimino-, diacetate.

1,1’-Hexamethylenebis[5-(p-chlorophenyl)biguanide] diace-

tate [56-95-1].
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» Chlorhexidine Acetate contains not less than 98.0

percent and not more than 101.0 percent of

C22H30Cl2N10 � 2C2H4O2, calculated on the dried

basis.

Packaging and storage—Preserve in well-closed, light-

resistant containers.

USP Reference standards h11i—USP Chlorhexidine Ace-

tate RS. USP Chlorhexidine Related Compounds RS. USP

p-Chloroaniline RS.

Identification—

A: Infrared Absorption h197Ki.

B: Dissolve 5 mg of it in 5 mL of a 1 in 100 solution of

cetyltrimethylammonium bromide, add 1 mL of 10N sodium

hydroxide, and 1 mL of bromine TS: a deep red color is

produced.

C: Dissolve 0.3 g of it in 10 mL of 6N hydrochloric acid,

add 40 mL of water, filter if necessary, and cool the solution

in ice. Add 10N sodium hydroxide dropwise with stirring

until the solution is alkaline to thiazol yellow paper, and add

1 mL in excess. Filter, wash the precipitate with water until

the washings are free from alkali, recrystallize the residue

from 70 percent alcohol, and dry the crystals at 1058. The

crystals melt between 1328 and 1368 (see Melting Range or

Temperature h741i).

Loss on drying h731i—Dry it at 1058 to constant weight: it

loses not more than 3.5% of its weight.

Residue on ignition h281i: not more than 0.15%.

Related compounds—

Diluent, Solution A, Solution B, and Mobile phase—

Proceed as directed in the Assay.

Test solution—Prepare a solution of 10 mg of Chlorhex-

idine Acetate per mL of water. Transfer 5.0 mL of this

solution to a 25-mL volumetric flask, dilute with Diluent to

volume, and mix. This solution contains about 2 mg of

chlorhexidine acetate per mL.

Reference solution A—Transfer 3.0 mL of the Test solution

to a 100-mL volumetric flask, dilute with Diluent to volume,

and mix. This solution contains about 0.06 mg of chlorhex-

idine acetate per mL.

Reference solution B—Transfer 2.0 mL of Reference

solution A to a 100-mL volumetric flask, dilute with Diluent

to volume, and mix. This solution contains about 0.0012 mg

of chlorhexidine acetate per mL.

Resolution solution—Transfer about 10 mg of USP

Chlorhexidine Related Compounds RS to a 10-mL volumet-

ric flask, dissolve in 2 mL of acetonitrile, dilute with Diluent

to volume, and mix.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay, except the chromatograph is

programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 100 0 equilibration

0–15 100 0 isocratic

15–16 100?45 0?55 linear gradient

16–21 45 55 isocratic

21–22 45?100 55?0 linear gradient

22–27 100 0 re-equilibration

Chromatograph the Resolution solution, and measure the

peak responses as directed for Procedure: the relative

retention times are about 0.6 for the main related compound

peak and 1.0 for chlorhexidine. The two peaks between the

main related compound peak and the chlorhexidine peak

should be at least partially resolved from each other and

completely resolved from the chlorhexidine peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Test solution, Reference solution A, and Reference

solution B into the chromatograph, record the chromato-

grams, and measure the areas for the peaks. Examine the

chromatogram obtained from the Test solution: the sum of the

peak areas, other than chlorhexidine and any peak areas less

than that obtained for chlorhexidine in the chromatogram
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obtained from Reference solution B, is not more than the peak

area for chlorhexidine in the chromatogram obtained from

Reference solution A (3.0%).

Limit of p-chloroaniline—

Solution A, Solution B, Mobile phase, System suitability

solution, and Chromatographic system—Proceed as directed

in the Assay.

Standard solution—Prepare a solution of 1.0 mg of USP

p-Chloroaniline RS per mL in Solution A.

Test solution—Prepare a solution of 2.0 mg of Chlorhex-

idine Acetate per mL in Solution A.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solutions and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the p-chloroaniline peaks. The p-chloroaniline peak

area in the chromatogram of the Test solution is not greater

than the p-chloroaniline peak area in the chromatogram of the

Standard solution (not more than 500 mg of p-chloroaniline

per g chlorhexidine acetate).

Assay

Diluent—Prepare a solution of 27.6 g of monobasic sodium

phosphate in about 1.5 L of water. Adjust with phosphoric

acid to a pH of 3.0, dilute with water to 2000 mL, and mix.

Solution A—Prepare a solution of 27.6 g of monobasic

sodium phosphate and 10 mL of triethylamine in about 1.5 L

of water. Adjust with phosphoric acid to a pH of 3.0, dilute

with water to 2000 mL, and mix. Prepare a mixture of this

solution and acetonitrile (70 : 30). [NOTE—Small adjustments

in the acetonitrile content may be made to meet acceptable

resolution criteria (see System Suitability under Chromatog-

raphy h621i).] Degas before use and sparge with helium

during the analysis.

Solution B—Use acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability solution—Prepare a solution in Diluent

containing about 50 mg of USP Chlorhexidine Acetate RS per

mL and 1 mg of USP p-Chloroaniline RS per mL.

Standard preparation—Prepare a solution of USP Chlor-

hexidine Acetate RS in water having a known concentration

of about 1 mg per mL. Dilute quantitatively an accurately

measured volume of this stock solution with Diluent to obtain

a solution having a known concentration of about 50 mg per

mL.

Assay preparation—Prepare a solution of Chlorhexidine

Acetate in water having a known concentration of about 1 mg

per mL. Dilute quantitatively an accurately measured volume

of this stock solution with Diluent to obtain a solution having

a known concentration of about 50 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 239-nm detector

and a 4.6-mm 6 25-cm column that contains base-

deactivated 5-mm packing L1 and is maintained at a constant

temperature of about 408. The flow rate is about 1.5 mL per

minute. The chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 100 0 equilibration

0–9 100 0 isocratic

9–10 100?45 0?55 linear gradient

10–15 45 55 isocratic

15–16 45?100 55?0 linear gradient

16–21 100 0 re-equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the resolution, R,

between chlorhexidine and p-chloroaniline is not less than 3;

and the relative standard deviation for replicate injections is

not more than 2.0% determined from the chlorhexidine peak,

and not more than 5.0% determined from the p-chloroaniline

peak.
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Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak areas for chlorhexidine. Calculate the percentage (w/

w) of chlorhexidine acetate (C22H30Cl2N10 � 2C2H4O2) in the

portion of Chlorhexidine Acetate taken by the formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentration, in mg per mL, of

USP Chlorhexidine Acetate RS and Chlorhexidine Acetate in

the Standard preparation and Assay preparation, respec-

tively; and rU and rS are the peak areas for chlorhexidine

obtained from the Assay preparation and the Standard

preparation, respectively.&1S (USP32)

BRIEFING

Chlorhexidine Hydrochloride—See briefing under Chlorhexi-
dine Acetate.

(VET: I. DeVeau) RTS—C57519

Add the following:

&Chlorhexidine Hydrochloride

C22H30Cl2N10 � 2HCl 578.37

2,4,11,13-Tetraazatetradecanediimidamide, N,N’’-bis(4-chlo-

rophenyl)-3,12-diimino-, dihydrochloride.

1,1’-Hexamethylenebis[5-(p-chlorophenyl)biguanide] dihy-

drochloride [3697-42-5].

» Chlorhexidine Hydrochloride contains not less

than 98.0 percent and not more than 101.0 percent

of C22H30Cl2N10 � 2HCl, calculated on the dried

basis.

Packaging and storage—Preserve in well-closed, light-

resistant containers.

USP Reference standards h11i—USP Chlorhexidine RS.

USP Chlorhexidine Acetate. USP Chlorhexidine Related

Compounds RS. USP p-Chloroaniline RS.

Identification—

A: Dissolve 5 mg of it in 5 mL of a 1 in 100 solution of

cetyltrimethylammonium bromide, add 1 mL of 5 N sodium

hydroxide, and 1 mL of bromine TS: a deep red color is

produced.

B: Dissolve 0.3 g of it in 10 mL of 6N hydrochloric acid,

add 40 mL of water, filter if necessary, and cool the solution

in ice. Add 10N sodium hydroxide dropwise with stirring

until the solution is alkaline to thiazol yellow paper, and add

1 mL in excess. Filter, wash the precipitate with water until

the washings are free from alkali, recrystallize the residue

from 70 percent alcohol, and dry the crystals at 1058. The

crystals melt between 1328 and 1368 (see Melting Range or

Temperature h741i).

C: Infrared Absorption h197Ki—

Test specimen—Use the crystals obtained in Identification

test B.

Standard specimen—Prepare a solution of USP Chlorhex-

idine RS in 70 percent alcohol having a concentration of

about 5 mg per mL. Recrystallize this solution, and dry the

crystals at 1058 for 1 hour.

D: It meets the requirements of the tests for Chloride

h191i.

Loss on drying h731i—Dry it at 1058 to constant weight: it

loses not more than 1.0% of its weight.

Residue on ignition h281i: not more than 0.1%.
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Related compounds—

Diluent, Solution A, Solution B, and Mobile phase—

Proceed as directed in the Assay.

Test solution—Prepare a solution of 10 mg of Chlorhex-

idine Hydrochloride per mL water. Transfer 5.0 mL of this

solution to a 25-mL volumetric flask, dilute with Diluent to

volume, and mix. This solution contains about 2 mg of

chlorhexidine hydrochloride per mL.

Reference solution A—Transfer 3.0 mL of the Test solution

to a 100-mL volumetric flask, dilute with Diluent to volume,

and mix. This solution contains about 0.06 mg of chlorhex-

idine hydrochloride per mL.

Reference solution B—Transfer 2.0 mL of Reference

solution A to a 100-mL volumetric flask, dilute with Diluent

to volume, and mix. This solution contains about 0.0012 mg

of chlorhexidine hydrochloride per mL.

Resolution solution—Transfer about 10 mg of USP

Chlorhexidine Related Compounds RS to a 10-mL volumet-

ric flask, dissolve in 2 mL of acetonitrile, dilute with Diluent

to volume, and mix.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay, except the chromatograph is

programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 100 0 equilibration

0–15 100 0 isocratic

15–16 100?45 0?55 linear gradient

16–21 45 55 isocratic

21–22 45?100 55?0 linear gradient

22–27 100 0 re-equilibration

Chromatograph the Resolution solution, and measure the

peak responses as directed for Procedure: the relative

retention times are about 0.6 for the main related compound

peak and 1.0 for chlorhexidine. The two peaks between the

main related compound peak and the chlorhexidine peak

should be at least partially resolved from each other and

completely resolved from the chlorhexidine peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Test solution, the Reference solution A, and the

Reference solution B into the chromatograph, record the

chromatograms, and measure the areas for the peaks.

Examine the chromatogram obtained from the Test solution:

the sum of the peak areas, other than chlorhexidine and any

peak areas less than that obtained for chlorhexidine in the

chromatogram obtained from Reference solution B, is not

more than the peak area for chlorhexidine in the chromato-

gram obtained from Reference solution A (3.0%).

Limit of p-chloroaniline—

Diluent, Solution A, Solution B, Mobile phase, System

suitability solution, and Chromatographic system—Proceed

as directed in the Assay.

Standard solution—Prepare a solution of 1.0 mg of USP p-

Chloroaniline RS per mL in Solution A.

Test solution—Prepare a solution of 2.0 mg of Chlorhex-

idine Hydrochloride per mL in Solution A.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solutions and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the p-chloroaniline peaks. The p-chloroaniline peak

area in the chromatogram of the Test solution is not greater

than the p-chloroaniline peak area in the chromatogram of the

Standard solution (not more than 500 mg of p-chloroaniline

per g of chlorhexidine hydrochloride).

Assay—

Diluent—Prepare a solution of 27.6 g of monobasic sodium

phosphate in about 1.5 L of water. Adjust with phosphoric

acid to a pH of 3.0, dilute with water to 2000 mL, and mix.

Solution A—Prepare a solution of 27.6 g of monobasic

sodium phosphate and 10 mL of triethylamine in about 1.5 L

of water. Adjust with phosphoric acid to a pH of 3.0, dilute

with water to 2000 mL, and mix. Prepare a mixture of this

solution and acetonitrile (70 : 30). [NOTE—Small adjustments
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in the acetonitrile content may be made to meet acceptable

resolution criteria (see System Suitability under Chromatog-

raphy h621i).] Degas before use and sparge with helium

during the analysis.

Solution B—Use acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability solution—Prepare a solution in Diluent

containing about 50 mg of USP Chlorhexidine Acetate RS per

mL and 1 mg of USP p-Chloroaniline RS per mL.

Standard preparation—Prepare a solution of USP Chlor-

hexidine Acetate RS in water having a known concentration

of about 1 mg per mL. Dilute quantitatively with Diluent an

accurately measured volume of this stock solution to obtain a

solution having a known concentration of about 50 mg per

mL.

Assay preparation—Prepare a solution of Chlorhexidine

Hydrochloride in water having a known concentration of

about 1 mg per mL. Dilute quantitatively an accurately

measured volume of this stock solution with Diluent to obtain

a solution having a known concentration of about 50 mg per

mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 239-nm detector

and a 4.6-mm 6 25-cm column that contains base-

deactivated 5-mm packing L1 and is maintained at a constant

temperature of about 408. The flow rate is about 1.5 mL per

minute. The chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 100 0 equilibration

0–9 100 0 isocratic

9–10 100?45 0?55 linear gradient

10–15 45 55 isocratic

15–16 45?100 55?0 linear gradient

16–21 100 0 re-equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the resolution, R,

between chlorhexidine and p-chloroaniline is not less than 3;

and the relative standard deviation for replicate injections is

not more than 2.0% determined from the chlorhexidine peak,

and not more than 5.0% determined from the p-chloroaniline

peak.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak areas for chlorhexidine. Calculate the percentage (w/

w) of chlorhexidine hydrochloride (C22H30Cl2N10 � 2HCl) in

the portion of Chlorhexidine Hydrochloride taken by the

formula:

100(578.37/625.55)(CS /CU)(rU / rS)

in which 578.37 and 625.55 are the molecular weights of

chlorhexidine hydrochloride and chlorhexidine acetate,

respectively; CS and CU are the concentration, in mg per mL,

of USP Chlorhexidine Acetate RS and Chlorhexidine

Hydrochloride in the Standard preparation and the Assay

preparation, respectively; and rU and rS are the peak areas for

chlorhexidine obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP32)

BRIEFING

Chloroquine Phosphate Tablets, USP 31 page 1736. On the
basis of validation data, it is proposed to replace the tedious
extraction and nonspecific spectrophotometric analysis in the Assay
with a more accurate and specific HPLC method. The analysis is
performed with a Phenomenex Luna C18 brand of 5-mm, L1 column.
The typical retention time for chloroquine phosphate is 6.9 minutes.
It is also proposed to add an Identification test that is based on a
retention time requirement.

(MDAA: B. Davani; L. Santos) RTS—C57701

Change to read:

USP Reference standards h11i—USP Chloroquine Phosphate RS.

&USP Amodiaquine Hydrochloride RS.&1S (USP32)
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Black plate (588,1)

Change to read:

Identification—A filtered solution of the Tablets meets the
requirements of Identification tests A and B under Chloroquine
Hydrochloride Injection.

&B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&1S (USP32)

Change to read:

Assay—Weigh and finely powder not less than 20 Tablets. Transfer
an accurately weighed portion of the powder, equivalent to about
800 mg of chloroquine phosphate, to a 200-mL volumetric flask, add
about 100 mL of water, and shake by mechanical means for about 20
minutes. Add water to volume, mix, and filter, discarding the first 50
mL of the filtrate. Pipet 50 mL of the clear filtrate into a 250-mL
separator, add 5 mL of 6N ammonium hydroxide, agitate, and
extract the liberated chloroquine with five 25-mL portions of
chloroform. Wash the combined chloroform extracts with 10 mL of
water, and extract the water washing with 10 mL of chloroform.
Evaporate the combined chloroform extracts on a steam bath to
about 10 mL, then add 50 mL of dilute hydrochloric acid (1 in 250),
and continue heating on the steam bath until the odor of chloroform
is no longer perceptible. Transfer the solution to a 200-mL
volumetric flask, wash the evaporating vessel with portions of
dilute hydrochloric acid (1 in 1000), adding the washings to the
volumetric flask, add more of the same dilute hydrochloric acid to
volume, and mix. Dilute this solution quantitatively and stepwise
with dilute hydrochloric acid (1 in 1000) to obtain an estimated
concentration of 10 mg per mL. Dissolve an accurately weighed
quantity of USP Chloroquine Phosphate RS in dilute hydrochloric
acid (1 in 1000), and dilute quantitatively and stepwise with the
same dilute hydrochloric acid to obtain a Standard solution having a
known concentration of about 10 mg per mL. Concomitantly
determine the absorbances of both solutions in 1-cm cells at the
wavelength of maximum absorbance at about 343 nm, with a
suitable spectrophotometer, using dilute hydrochloric acid (1 in
1000) as the blank. Calculate the quantity, in mg, of
C18H26ClN3 � 2H3PO4 in the portion of Tablets taken by the formula:

80C(AU /AS)

in which C is the concentration, in mg per mL, of USP Chloroquine
Phosphate RS in the Standard solution, and AU and AS are the
absorbances of the solution from Tablets and the Standard solution,
respectively.

&Buffer solution—Weigh about 13.6 g of monobasic

potassium phosphate, and dissolve in 2 L of water. Add 2.0

mL of perchloric acid, mix, and adjust with phosphoric acid

to a pH of 2.5. Pass the solution through a membrane filter

having 0.45-mm porosity.

Mobile phase—Prepare a mixture of Buffer solution and

methanol (78 : 22). Make adjustments if necessary (see

Chromatography h621i).

Standard preparation—Transfer an accurately weighed

quantity of USP Chloroquine Phosphate RS to a suitable

volumetric flask, and dissolve in and dilute with water to

volume to obtain a solution having a known concentration of

about 0.15 mg per mL of chloroquine phosphate.

Assay preparation—Weigh and finely powder 20 Tablets.

Transfer an accurately weighed portion of the powder,

equivalent to about 7.5 mg of chloroquine phosphate to a

50-mL volumetric flask, and dissolve in and dilute with water

to volume. Sonicate for 20 minutes. Pass a portion of about

10 mL through a 0.2-mm nylon filter, discarding the first 4

mL, and use 2 mL for analysis.

System suitability solution—Transfer an accurately weighed

quantity of USP Amodiaquine Hydrochloride RS and USP

Chloroquine Phosphate RS to a suitable volumetric flask, and

dissolve in and dilute with water to volume to obtain a

solution having known concentrations of about 0.15 mg per

mL of amodiaquine hydrochloride and 0.15 mg per mL of

chloroquine phosphate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 224-nm detector

and a 4.6-mm 6 10-cm column that contains 5-mm packing

L1. The flow rate is about 1.2 mL per minute. Chromatograph

the System suitability solution, and record the peak responses

as directed for Procedure: the relative retention times are 1.0

for chloroquine phosphate and 1.3 for amodiaquine hydro-

chloride; the resolution, R, between amodiaquine hydrochlo-

ride and chloroquine phosphate is not less than 1.5; the tailing

factor for both compounds is not more than 1.5; and the

relative standard deviation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percent of the label claim, of chloroquine phosphate

(C18H26ClN3 � 2H3PO4) in the portion of Tablets taken by the

formula:
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Black plate (589,1)

100(CS /CU)(rU / rS)

in which 100 is the percent conversion factor; CS is the

concentration, in mg per mL, of USP Chloroquine Phosphate

RS in the Standard preparation; CU is the concentration, in

mg per mL, of chloroquine phosphate in the Assay

preparation, based on the label claim; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP32)

BRIEFING

Cilostazol, USP 31 page 1764. On the basis of comments
received, it is proposed to revise the limit in the test for Loss on
drying from 0.25% to 0.3% to accommodate the FDA-approved
products.

(MD-CV: S. Ramakrishna) RTS—C62883

Change to read:

Loss on drying h731i—Dry it at 1108 for 3 hours: it loses not more
than 0.25%

&0.3%.&1S (USP32)
of its weight.

BRIEFING

Clozapine Tablets, USP 31 page 1833. It is proposed to add a
Uniformity of dosage units section to this monograph.

(MD-PP: R. Ravichandran) RTS—C63415

Add the following:

&Uniformity of dosage units h905i: meets the require-

ments.&1S (USP32)

BRIEFING

Dactinomycin, USP 31 page 1876. On the basis of statistical
analysis of data from a significant number of historical lots of the
drug substance, it is proposed to revise the limits in the test for
Specific rotation. In the absence of significant adverse comments, it
is proposed to implement this revision via an Interim Revision
Announcement pertaining to USP 31–NF 26, with an official date of
October 1, 2008.

(MD-ANT: A. Wise) RTS—C62409

Change to read:

Specific rotation h781Si: between –2928 and –3178 (t = 208).

.between –2938 and –3298 measured at 208..5
Test solution: 1 mg per mL, in methanol.

BRIEFING

Doxycycline Hyclate Delayed-Release Tablets. Because there is
no existing USP monograph for this dosage form, a new monograph,
based on validated methods of analysis, is being proposed. The
liquid chromatographic procedure in the test for Related compounds
and in the Assay is based on analyses performed with the
Phenomenex PolymerX RP-1 brand of L21 column. The typical
retention time for the doxycycline peak is about 18 minutes.

(MD-ANT: E. Gonikberg, A. Wise; BPC: M. Marques) RTS—
C44703

Add the following:

&Doxycycline Hyclate Delayed-Release
Tablets

» Doxycycline Hyclate Delayed-Release Tablets

contain an amount of Doxycycline Hyclate equiv-

alent to not less than 90.0 percent and not more

than 120.0 percent of the labeled amount of

doxycycline (C22H24N2O8).

Packaging and storage—Preserve in tight, light-resistant

containers. Store at controlled room temperature.
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USP Reference standards h11i—USP Doxycycline Hyclate

RS. USP Methacycline Hydrochloride RS. USP Doxycycline

Related Compound A RS. USP Oxytetracycline Hydrochlo-

ride RS.

Identification—

A: Shake a suitable quantity of a finely powdered Tablets

with methanol to obtain a solution containing the equivalent

of 1 mg of doxycycline per mL, and filter. Using the filtrate as

the Test solution, proceed as directed for Method II under

Identification—Tetracyclines h193i.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution, Method B h711i—

ACID STAGE—

Medium: 0.06N hydrochloric acid; 900 mL, degassed

with helium.

Apparatus 1: 50 rpm.

Time: 20 minutes.

Standard solution—Transfer an accurately weighed quan-

tity of USP Doxycycline Hyclate RS to a suitable volumetric

flask, add Medium to about 50% of the final volume, sonicate

until dissolved, dilute with Medium to volume, and mix, to

obtain a solution having a known concentration of about 1.28

mg of doxycycline hyclate per mL. Transfer 20.0 mL of this

solution to a 200-mL volumetric flask, and dilute with

Medium to volume. Calculate the concentration, CS, in mg of

doxycycline per mL, using the designated potency, in mg of

doxycycline per mg of USP Doxycycline Hyclate RS.

Test solution—Use portions of the solution under test

passed through a suitable 0.45-mm PVDF filter.

Procedure—Determine the amount of C22H24N2O8 dis-

solved from UV absorbances at the wavelength of maximum

absorbance at about 346 nm in the Test solution in

comparison with the Standard solution, using a 0.1-cm

quartz cell and Medium as the blank. Calculate the amount of

C22H24N2O8 dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and Standard solution, respectively; CS is the

concentration, in mg of doxycycline per mL, of the Standard

solution; 900 is the volume, in mL, of Medium; 100 is the

conversion factor to percentage; and L is the Tablet label

claim, in mg.

Tolerances—Not more than 30% (Q) of the labeled amount

of C22H24N2O8 is dissolved in 20 minutes.

BUFFER STAGE—[NOTE—Conduct this stage of testing on

separate Tablets, selecting those that were not previously

subjected to the Acid stage testing.]

Medium: pH 5.5 neutralized phthalate buffer (see Buffer

Solutions in the section Reagents, Indicators, and Solutions);

900 mL, degassed.

Apparatus 1: 50 rpm.

Time: 30 minutes.

Standard solution—Transfer an accurately weighed quan-

tity of USP Doxycycline Hyclate RS to a suitable volumetric

flask, add Medium to about 50% of the final volume, sonicate

until dissolved, dilute with Medium to volume, and mix, to

obtain a solution having a known concentration of about 1.28

mg of doxycycline hyclate per mL. Transfer 20.0 mL of this

solution to a 200-mL volumetric flask, and dilute with

Medium to volume. Calculate the concentration, CS, in mg of

doxycycline per mL, using the designated potency, in mg of

doxycycline per mg of USP Doxycycline Hyclate RS.

Test solution—Use portions of the solution under test

passed through a suitable 0.45-mm PVDF filter.

Procedure—Determine the amount of C22H24N2O8 dis-

solved from UV absorbances at the wavelength of maximum

absorbance at about 346 nm in the Test solution in
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comparison with the Standard solution, using a 0.1-cm quartz

cell and Medium as the blank. Calculate the amount of

C22H24N2O8 dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and Standard solution, respectively; CS is the

concentration, in mg of doxycycline per mL, of the Standard

solution; 900 is the volume, in mL, of Medium; 100 is the

conversion factor to percentage; and L is the Tablet label

claim, in mg.

Tolerances—Not less than 85% (Q) of the labeled amount

of C22H24N2O8 is dissolved in 30 minutes.

Uniformity of dosage units h905i: meets the requirements.

Water, Method Ia h921i: not more than 5.0%.

Related compounds—[NOTE—Throughout the following

procedure, protect the solution containing doxycycline from

light.]

Mobile phase and Diluent—Prepare as directed in the

Assay.

Standard stock solution—Transfer an accurately weighed

quantity of USP Doxycycline Hyclate RS to a suitable

volumetric flask, add methanol to about 10% of the final

volume, sonicate for about 5 minutes or until dissolved, dilute

with water to volume, and mix, to obtain a solution having a

known concentration of about 1.16 mg of doxycycline hyclate

per mL. Calculate the concentration, in mg of doxycycline per

mL, using the designated potency, in mg of doxycycline per

mg of USP Doxycycline Hyclate RS.

Standard solution—Pipet 5.0 mL of the Standard stock

solution into a 250-mL volumetric flask, and dilute with water

to volume, to obtain a solution having a known concentration

of about 0.02 mg of doxycycline per mL.

Sensitivity solution—Pipet 5.0 mL of the Standard solution

into a 100-mL flask, and dilute with water to volume.

Impurity stock solution—Prepare a solution in water

containing about 0.04 mg per mL of each of USP

Oxytetracycline Hydrochloride RS, USP Methacycline Hy-

drochloride RS, and USP Doxycycline Related Compound A

RS.

Resolution solution—Transfer 5 mL of the Standard stock

solution into a 25-mL volumetric flask. Heat on a steam bath

for 60 minutes, and gently evaporate to dryness on a hot plate

(partial degradation of doxycycline to 4-epidoxycycline). Add

3 mL of the Impurity stock solution into the flask, dilute with

water to volume, and mix. Pass through a 0.45-mm PVDF

filter, and use the clear filtrate.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the tailing factor is not more than 2.0, and the

relative standard deviation for replicate injections is not more

than 5.0%. Chromatograph the Resolution solution, identify

the components using their relative retention time in Table 1,

and record the peak responses as directed for Procedure: the

resolution between doxycycline and 6-epidoxycycline is not

less than 1.5. Chromatograph the Sensitivity solution, and

record the peak responses as directed for Procedure: the

signal-to-noise ratio of the doxycycline peak is not less than

10.

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 591



Black plate (592,1)

Table 1

Name

Relative

Retention

Time

Relative

Response

Factor

(F)

Limit

(%)

Oxytetracycline 0.3 1.0 0.5

4-Epidoxycycline1 0.4 1.0 1.0

Methacycline 0.6 1.0 2.0

6-Epidoxycycline

(doxycycline

related compound

A)2

0.7 0.86 2.0

Doxycycline 1.0 — —

1 4R,4aR,5S,5aR,6R,12aS)-4-(Dimethylamino)-3,5,10,12,12a-penta-
hydroxy-6-methyl-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetra-
cene-2-carboxamide.
2 4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-3,5,10,12,12a-penta-
hydroxy-6-methyl-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetra-
cene-2-carboxamide.

Procedure—Separately inject equal volumes (about 15 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms for a period of

time that is 1.7 times the retention time of doxycycline, and

measure the peak areas. Calculate the percentage of each

impurity relative to the labeled amount of doxycycline in the

portion of the Tablets taken by the formula:

100 (1 /F)(CS /CT)(ri / rS)

in which F is the relative response factor as listed in Table 1;

CS is the concentration, in mg of doxycycline per mL, of the

Standard solution; CT is the concentration, in mg per mL, of

doxycycline in the Test solution, based on the label claim; ri is

the peak response for each impurity obtained from the Test

solution; and rS is the peak response for the doxycycline peak

obtained from the Standard solution.

Assay—[NOTE—Throughout the following procedure, protect

the Standard preparation and the Assay preparation from

light.]

Mobile phase—Transfer 0.77 g of ammonium acetate,

0.75 g of sodium hydroxide, 0.50 g of tetrabutylammonium

hydrogen sulfate, and 0.40 g of edetate disodium to a

1000-mL volumetric flask. Add about 850 mL of water,

and stir to dissolve. Add 70 g of tertiary butyl alcohol with the

aid of water, dilute with water to volume, and adjust the pH to

9.00+ 0.05 with acetic acid or ammonium hydroxide. Pass

this solution through a 0.45-mm nylon filter, and degas. Make

any necessary adjustments (see System Suitability under

Chromatography h621i).

Standard preparation—Transfer an accurately weighed

amount of USP Doxycycline Hyclate RS to a suitable

volumetric flask, add methanol to about 10% of the final

volume, sonicate for about 5 minutes or until dissolved, dilute

with water to volume, and mix, to obtain a solution having a

known concentration of about 1.16 mg of doxycycline hyclate

per mL. Calculate the concentration, CS, in mg of doxycycline

per mL, using the designated potency, in mg of doxycycline

per mg of USP Doxycycline Hyclate RS.

Assay preparation—Weigh and crush not fewer than 10

Tablets, placing no more than 2 Tablets at a time in a suitable

mortar, and grind to a fine powder with a pestle. Mix the

combined powder and transfer an accurately weighed portion,

equivalent to about 100 mg of doxycycline, to a 100-mL

volumetric flask. Add 10 mL of methanol and sonicate for 5

minutes. Add about 50 mL of water, and sonicate for a further

5 minutes. Allow to cool to room temperature, dilute with

water to volume, and mix. Pass a portion of this solution

through a 0.45-mm PVDF filter, and use the clear filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 270-nm

detector, and a 4.6-mm 6 25-cm column that contains

packing L21 and is maintained at 52+ 28. The flow rate is

about 1 mL per minute. Chromatograph the Standard

preparation, and record the peak responses as directed for

Procedure: the tailing factor is not more than 2.0; and the

relative standard deviation for six replicate injections is not

more than 2.0%.
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Procedure—Separately inject equal volumes (about 15 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms for a period of

time that is 1.7 times the retention time of doxycycline, and

measure the responses for the major peaks. Calculate the

percentage of the labeled amount of doxycycline

(C22H24N2O8) in the portion of Tablets taken by the formula:

100(CS /CT)(rU / rS)

in which CS is as defined above; CT is the concentration, in mg

per mL, of doxycycline in the Assay preparation, based on

the label claim; and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&1S (USP32)

BRIEFING

Enalaprilat Injection. Because there is no existing USP
monograph for this dosage form, a new monograph, based on
validated methods of analysis, is being proposed. The liquid
chromatographic procedure in the test for Related compounds and
in the Assay is based on analyses performed using the Alltima 5-mm
brand of column containing packing L1. The typical retention time
for the enalaprilat peak is about 2.6 minutes.

(MD-CV: S. Ramakrishna; MSA: R. Tirumalai) RTS—C50814

Add the following:

&Enalaprilat Injection

» Enalaprilat Injection is a sterile solution of

enalaprilat in a suitable vehicle for injection. It

contains not less than 90.0 percent and not more

than 110.0 percent of the labeled amount of

enalaprilat (C18H24N2O5).

Packaging and storage—Preserve in single-dose or in

multiple-dose containers, and store at controlled room

temperature.

USP Reference standards h11i—USP Benzyl Alcohol RS.

USP Enalaprilat RS. USP Enalapril Maleate RS. USP

Endotoxin RS.

Identification—

A: The retention time of the enalaprilat peak in the

chromatogram of the Assay preparation corresponds to that

of the corresponding peak in the chromatogram of the

Standard preparation, obtained as directed in the Assay.

Bacterial endotoxins h85i—It contains no more than 280

USP Endotoxin Units per mg of enalaprilat.

Sterility h71i: meets the requirements.

pH h791i: between 6.5 and 7.5.

Particulate matter h788i: meets the requirements for

small-volume injections.

Osmolality h785i: between 276 to 305 mOsm per kg.

Related compounds—

Diluent—Prepare a mixture of water and acetonitrile

(84 : 16).

Buffer solution—Dilute 3.4 mL of phosphoric acid with

water to 1 L. Adjust with potassium hydroxide to a pH of 2.5.

Solution A—Use a mixture of Buffer solution and

acetonitrile (84 : 16).

Solution B—Use acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Stock solution A—Dissolve 20 mg of USP Enalaprilat RS in

a 100-mL volumetric flask with approximately 80 mL of

Diluent. Heat at 808 for 24 hours to generate enalaprilat

related compound A. Cool the solution to room temperature,

and dilute with Diluent to volume.

Stock solution B—Dissolve 10 mg of USP Enalapril

Maleate RS in a 200-mL volumetric flask, and dilute with

Diluent to volume.
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Stock solution C—Dissolve accurately weighed quantities

of benzyl alcohol, benzaldehyde, and benzoic acid in Diluent.

Dilute quantitatively, and stepwise if necessary, with Diluent

to obtain a solution having a known concentration of 0.1 mg

per mL of each of the three substances.

System suitability solution—Pipet 4.0 mL of Stock solution

A, 5 mL of Stock solution B, and 5 mL of Stock solution C

into a 25-mL volumetric flask, and dilute with Diluent to

volume to obtain a solution containing about 0.0032 mg per

mL of enalaprilat related impurity A, 0.01 mg per mL of

enalapril, and 0.02 mg per mL of each of benzyl alcohol,

benzaldehyde, and benzoic acid, respectively.

Test solution—Transfer an accurately measured volume of

Injection, equivalent to about 12.5 mg of enalaprilat, to a

25-mL volumetric flask. Dilute with Diluent to volume, and

mix.

Diluted test solution—Dilute the Test solution (1 in 100)

with Diluent to obtain a solution having a known concentra-

tion of 0.005 mg per mL (corresponds to 1% of the Test

solution).

Chromatographic system (see Chromatography h621i)—

The chromatograph is equipped with 215-nm detector and a

4.6-mm 6 15-cm, 5-mm column that contains packing L1.

The column temperature is maintained at 608. The flow rate is

about 1.5 mL per minute. The chromatograph is programmed

as follows:

Table 1

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–5 97.0 3.0 isocratic

5–20 97?77.5 3?22.5 linear gradient

20–25 77.5?10 22.5?90 linear gradient

25–25.01 10?97 90?3.0 step gradient

25.01–30 97 3.0 re-equilibrium

Chromatograph the System suitability solution and the

Diluted test solution, and record the peak responses as

directed for Procedure: the resolution, R, between enalapril

maleate and enalaprilat related impurity A is not less than 1.2;

the capacity factor for enalaprilat is not less than 1.5; and the

relative standard deviation of the enalaprilat peak in replicate

injections of the Diluted test solution is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Diluted test solution and the Test solution into the

chromatograph, record the chromatogram, and measure the

peak response for enalaprilat in the Diluted test solution and

all of the peak responses from the Test solution that do not

correspond to enalaprilat, benzyl alcohol, benzoic acid,

benzaldehyde, and benzyl alcohol related compounds (see

Table 2 for RRT). Calculate the percentage of specified and

unspecified impurities using the formula:

(ri / rS)

in which ri is the peak response for each specified impurity in

the Test solution; and rS is the peak response for enalaprilat in

the Diluted test solution: the impurities meet the specified

limits in Table 2.

Benzyl alcohol content (if present)—

Buffer solution, Mobile phase, System suitability solution,

and Chromatographic system—Proceed as directed in the

Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Benzyl Alcohol RS in Buffer solution to obtain a

solution having a known concentration of 0.72 mg per mL.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Procedure—Proceed as directed in the Assay. Calculate the

percentage of benzyl alcohol, based on the label claim, in the

volume of Injection taken by the formula:

100(CS / CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Benzyl Alcohol RS in the Standard solution; CU is the

concentration, in mg per mL, of benzyl alcohol in the Test

solution; and rU and rS are the benzyl alcohol peak responses
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obtained from the Test solution and the Standard solution,

respectively: between 80.0% and 120.0% of the labeled

amount is found.

Other requirements—It meets the requirements under

Injections h1i.

Assay—

Buffer solution—Prepare a solution of 0.05M monobasic

potassium phosphate. Adjust with phosphoric acid to a pH of

2.5.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and acetonitrile (84 : 16). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

System suitability preparation—Use the Standard prepara-

tion.

Standard preparation—Dissolve an accurately weighed

quantity of USP Enalaprilat RS and USP Benzyl Alcohol RS

in Buffer solution, and dilute quantitatively, and stepwise if

necessary, with Mobile phase to obtain a solution having a

known concentration of about 0.1 mg per mL of enalaprilat

and 0.72 mg per mL of benzyl alcohol.

Assay preparation—Transfer an accurately measured

volume of Injection, equivalent to about 5 mg of enalaprilat,

to a 50-mL volumetric flask. Dilute with Mobile phase to

volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm and

258-nm detector (use 215 nm as the initial wavelength, and

switch to 258 nm after the elution of enalaprilat and before

the elution of benzyl alcohol) and a 4.6-mm615-cm, 5-mm

column that contains packing L1. The flow rate is about 1.5

mL per minute. The column temperature is maintained at 608.

Chromatograph the System suitability preparation, and record

the peak responses as directed for Procedure: the resolution,

R, between benzyl alcohol and enalaprilat is not less than 3.0;

the tailing factor for benzyl alcohol and the enalaprilat peaks

is not more than 1.5; and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

all of the peak responses. Calculate the quantity, in percentage

of the label claim, of enalaprilat (C18H24N2O5) in the portion

of Injection taken by the formula:

Table 2

Component

Relative Retention

Time (minutes)

Limit

(w/w, %)

Enalaprilat heat degradation product 0.6 vs enalaprilat 0.5

Enalaprilat 1 vs enalaprilat —

Benzyl alcohol 1 vs benzyl alcohol —

Benzyl alcohol related unknown impurity 1 1.2 vs benzyl alcohol —

Benzoic acid 1.4 vs benzyl alcohol —

Benzyl alcohol related unknown impurity 2 1.7 vs benzyl alcohol —

Benzaldehyde 2.1 vs benzyl alcohol —

Enalapril maleate 4.7 vs enalaprilat 0.25

Enalaprilat related impurity A 5.1 vs enalaprilat 1.0

Any other unspecified individual impurity — 0.10

Total impurities — 2.0
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100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Enalaprilat RS in the Standard preparation; CU is the

concentration, in mg per mL, of enalaprilat in the Assay

preparation, based on the label claim; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP32)

BRIEFING

Estradiol Tablets, USP 31 page 2101. As part of USP’s goal to
continuously update compendial requirements, it is proposed to add
a test for Chromatographic purity to this dosage form monograph.
The new liquid chromatographic procedure is based on analyses
performed with the LiChrospher RP Select B brand of L7 column.
Typical retention times for the estradiol and estrone peaks are about
16 and 17 minutes, respectively. The USP Reference standards h11i
section is updated to include USP Estrone RS.

(MD-PS: E. Gonikberg, D. Bempong) RTS—C58724

Change to read:

USP Reference standards h11i—USP Estradiol RS.

&USP Estrone RS.&1S (USP32)

Add the following:

&Chromatographic purity—

Solution A—Prepare a degassed mixture of water and

acetonitrile (8 : 2).

Solution B—Prepare a degassed mixture of acetonitrile and

water (8 : 2).

Diluent—Prepare a mixture of water and acetonitrile (6 : 4).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability solution—Dissolve accurately weighed

quantities of USP Estradiol RS and USP Estrone RS in

acetonitrile to obtain a solution having concentrations of 0.5

mg per mL and 0.3 mg per mL, respectively. Pipet 2 mL of

this solution into a 50-mL volumetric flask, and dilute with

Diluent to volume.

Test solution—Transfer a number of Tablets, containing a

combined amount of 4 to 8 mg of estradiol based on the label

claim, to a suitable flask, add a volume of Diluent equivalent

to about 5 mL per each mg of estradiol, swirl until the Tablets

are completely disintegrated, then shake for 15 minutes, and

allow the solids to settle. Pass a portion of this solution

through a 0.45-mm PVDF filter, discarding the first 2 mL of

the filtrate. This solution contains about 0.2 mg of estradiol

per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 200-nm detector

and a 4.0-mm 6 12.5-cm column that contains 5-mm packing

L7. The flow rate is about 1 mL per minute. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–5 100?90 0?10 linear gradient

5–15 90?50 10?50 linear gradient

15–25 50?0 50?100 linear gradient

25–35 0 100 isocratic

35–35.1 0?100 100?0 linear gradient

35.1–40 100 0 re-equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure. Identify the

components based on their relative retention times which

are 1.0 for estradiol and about 1.1 for estrone: the resolution,

R, between estradiol and estrone is not less than 3.0; the

tailing factors for estradiol and estrone peaks are not more

than 1.5; and the relative standard deviation for replicate

injections is not more than 2% for each peak.

Procedure—Inject a volume (about 10 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak responses. Calculate the percentage of

each impurity in the portion of Tablets taken by the formula:
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100(ri / rs)

in which ri is the peak response for each impurity; and rs is the

sum of the responses of all the peaks: not more than 5% of

total impurities is found. Disregard any peaks observed in the

blank.&1S (USP32)

BRIEFING

Estradiol Vaginal Inserts, page 1071 of PF 32(4) [Jul.–Aug.
2006]. It is proposed to make the following revisions: (1) provide a
more general Packaging and storage statement and delete the
requirement for a specific container and closure system; (2) revise
the Thin-Layer Chromatographic Identification Test to simplify the
Test solution preparation; (3) delete the Loss on drying test as the
requirements of the test is product-specific; (4) extensively revise the
Chromatographic purity test and the Assay to match the sponsor’s
current procedures and acceptance criteria. It also proposed to add a
Dissolution test to the monograph. The chromatographic procedure
in the Dissolution test was validated using either Luna C18 or
Symmetry C18 brands of L1 packing.

(MD-PS: D. Bempong; BPC: M. Marques) RTS—C51066

Add the following:

&Estradiol Vaginal Tablets Inserts

» Estradiol Vaginal Tablets Inserts contain not less

than 90.0 percent and not more than 110.0 percent

of the labeled amount of estradiol (C18H24O2).

Change to read:

Packaging and storage—Each Tablet Insert is contained in a

single-unit HG-polyethylene/polyethylene applicator. Each

applicator with the inset tablet is packed separately in a

laminated blister consisting of aluminum and polyvinylchlor-

ide foil. Preserve in a tight container, and store at controlled

room temperature. Preserve in a tight container, and store at

controlled room temperature. Do not refrigerate.

Change to read:

USP Reference standards h11i—USP Estradiol RS. USP

Estradiol Related Compound A RS. USP Estradiol Related

Compound C RS. USP Estradiol Related Compound B RS.

USP Estrone RS.

Change to read:

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Adsorbent—Use a suitable high-performance thin-layer

chromatographic plate.

Test solution—Place 30 Tablets Inserts into a vessel, add

500 mL of water, and allow to disintegrate by shaking

overnight. Add 50.0 mL of ether, and shake for 2 minutes.

Pass the ether layer through cotton wool and anhydrous

sodium phosphate, shake with three 50-mL aliquots of ether,

and evaporate to dryness. Dissolve the residue in 5 mL of

ether, and quantitatively transfer to a fresh vessel. Evaporate

to dryness, and reconstitute with 150 mL of absolute alcohol.

Place a number of Inserts, equivalent to about 0.9 mg of

estradiol into a vessel, add 50 mL of isopropyl alcohol, and

allow to disintegrate by shaking overnight. Centrifuge,

evaporate an aliquot of 40 mL of the supernatant to dryness,

and dissolve the residue in 3 mL of isopropyl alcohol.

Evaporate to dryness, and reconstitute with 300 mL of

absolute alcohol to obtain a solution containing about 2.5 mg

of estradiol per mL, and centrifuge.

Standard solution—Dissolve suitable quantities of USP

Estradiol RS, USP Estradiol Related Compound A RS, and

USP Estrone RS, accurately weighed, in absolute alcohol to

obtain a solution having known concentrations of 5 mg per

mL, 0.25 mg per mL, and 0.25 mg per mL, respectively.

Dissolve a suitable quantity of USP Estradiol RS in absolute

alcohol to obtain a solution having a concentration of about

2.5 mg per mL.

Application volume: 5 mL.
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Developing solvent system: a mixture of chloroform and

acetone (9 : 1).

Procedure—Proceed as directed in the chapter using the

Developing solvent system described above. Develop the

chromatogram three times over a path of about 8 cm,

allowing the chromatogram to dry for 1 minute between each

run. After the third run, allow the plate to air-dry. After

removal of the plate, marking of the solvent front, and

allowing solvent evaporation as described in the chapter, heat

at 1008 for about 15 minutes. Allow the plate to cool, and

then immerse it in a mixture of absolute alcohol and

concentrated sulfuric acid (95 : 5). Remove it immediately,

place the plate on absorbing paper, and allow it to air-dry.

Heat the plate at 1008 until it is developed. Examine under

UV light at l = 365 nm. The principal spot obtained from the

Test solution and the Standard solution has the same color

and RF value.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Microbial limits h61i—The total aerobic microbial count

does not exceed 1000 cfu per g 100 cfu per g, and the total

combined molds and yeasts count does not exceed 100 cfu

per g. Tablets 10 cfu per g. Inserts meet the requirements of

the tests for absence of Salmonella species and Escherichia

coli. Pseudomonas aeruginosa, Staphylococcus aureus, and

Candida albicans.

Dissolution h711i—[To come.]

Medium: phosphate buffer pH 4.75+ 0.05 (Prepared by

transferring 100.0 g of potassium hydrogen phosphate into a

10-L volumetric flask, adding approximately 5 L of water,

and stirring until dissolved. Add water up to almost the mark.

Adjust with approximately 3 mL of 1N sodium hydroxide to

a pH of 4.75+ 0.05, and fill with water to volume.); 500 mL.

Apparatus 1: 40 rpm.

Times: 3, 5, and 10 hours.

Determine the amount of estradiol dissolved by employing

the following method.

Mobile phase—Prepare a filtered and degassed mixture of

water, methanol, and acetonitrile (45 : 27.5 : 27.5). Make

adjustments if necessary (see System suitability under

Chromatography h621i).

Standard solutions—Prepare a solution of USP Estradiol

RS in absolute alcohol having an accurately known

concentration of about 0.1 mg per mL. Dilute with Medium

aliquots of this solution to obtain solutions with final

concentrations approximately equal to 20%, 60%, and

160% of the expected concentration of estradiol in the

Medium, assuming complete dissolution.

Test solution—Use unfiltered portions of the solution under

test.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a fluorescence

detector and a 4.6-mm 6 15-cm column that contains 3.5-mm

packing L1 or a 4.6-mm 6 7.5 column that contains 4.0-mm

packing L1. The flow rate is about 1.0 mL per minute.

Excitation wavelength is 230 nm and emission wavelength is

310 nm. Chromatograph replicate injections of the Standard

solution, and record the peak areas as directed under

Procedure: the relative standard deviation is not more than

2%, and the tailing factor is not more than 1.8.

Procedure—Separately inject equal volumes (about 200

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the major peaks. Calculate the amount of estradiol

dissolved by the formula:

in which An is the amount of estradiol, in percentage, at the

sample point n (e.g. A2 at the second sampling point); Vn is the

volume, in mL, of Medium in the vessel before the sample is

taken; �V(n-1) is the volume of sample taken at the sampling
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point (n-1); A(n-1) is the amount of estradiol (uncorrected) at

the sample point (n-1); and 500 is the volume, in mL, of

Medium at the beginning of the test.

Tolerances—The percentages of the labeled amount of

estradiol dissolved at the times specified conform to

Acceptance Table 2.

Time

(hours)

Amount dissolved

(%)

3 between 25 and 50

5 between 40 and 80

10 not less than 80

Delete the following:

&Loss on drying h731i—Dry about 1200 mg of finely

powdered Tablets Inserts in a tared evaporating dish at a

pressure not exceeding 25 mm of mercury at 608 for 3 hours:

it loses not more than 7.0% of its weight.&1S (USP32)

Change to read:

Chromatographic purity—

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (5 : 1). Use variable mixtures of

acetonitrile and water as directed for Chromatographic

system. Make adjustments if necessary (see System Suitability

under Chromatography h621i).

System suitability solution—Dissolve accurately weighed

quantities of USP Estradiol RS, and USP Estradiol Related

Compound B RS USP Estradiol Related Compound B RS,

and USP Estradiol Related Compound C RS in absolute

alcohol to obtain a solution having a known concentration of

about 100 mg per mL and about 0.525 mg per mL, 0.5 mg per

mL, and about 0.5 mg per mL, respectively.

Test solution—Place 12 Tablets Inserts, Place a number of

Inserts equivalent to about 300 mg of estradiol, into a 50-mL

volumetric flask. Add 50 mL of absolute alcohol, stir for 16

hours with a magnetic stirrer, and shake thoroughly.

Centrifuge the suspension, and evaporate 10.0 mL of the

supernatant to dryness. Dissolve the residue in 1.0 mL of

water and add 7.0 mL of a mixture of toluene and acetone

(5 : 2), mix on a whirl mixer, allow to stand for 1 hour, and

evaporate 5 mL of the organic phase to dryness. The residue

is reconstituted in 450 mL of absolute alcohol, to obtain a

solution containing about 0.08 mg 100 mg of estradiol per mL,

and centrifuged. Use the supernatant as the Test solution.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1, and is programmed to provide variable mixtures of

acetonitrile and water beginning with 16% acetonitrile and

84% water and changing the composition linearly over 35

minutes to 68% acetonitrile and 32% water. The flow rate is

about 1 mL per minute. Chromatograph the System suitability

solution, and record the peak responses as directed for

Procedure: the relative retention times are about 0.96 for

estradiol related compound B and 1.0 for estradiol; and the

resolution, R, between estradiol related compound B and

estradiol is not less than 2.0.

Procedure—Inject a volume (about 25 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure all the peak responses. Calculate the percentage

of each estradiol related impurity in the portion of Tablets

Inserts taken by the formula:

100(ri / rs)

in which ri is the peak response for each impurity, and rs is the

sum of the responses of all the peaks: not more than 1.0% of

any individual impurity is found; and not more than 3.0% of

total impurities is found. The impurities meet the require-

ments specified in the table below.
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Compound

Relative

Retention

Time

Relative

Response

Factor

Limit

(%)

6a-Hydroxy estradiol
0.54 1.0 1.0

6b-Hydroxy estradiol
0.60 1.0 1.0

6-Keto estradiol
0.71 1.0 1.0

16-Keto estradiol
0.74 1.0 1.0

6-Keto estrone
0.85 1.0 1.0

b-Equilenol
0.91 1.0 1.0

Estradiol related com-

pound B (6-Dehydro-

estradiol)

0.96 1.0 1.0

Estradiol
1.0 1.0

—

Estradiol related com-

pound A (a-Estradiol)

1.05 1.0 1.0

Estrone
1.13 1.0 1.0

4-Methyl estradiol
1.17 1.0 1.0

Total impurities — —
1.0

100(ri / rE)

in which ri is the peak response for each impurity, and rE is the

response of the estradiol peak: the impurities meet the

requirements specified in the accompanying table.

Compound

Relative

Retention

Time

Limit

(%)

Estradiol related compound

C (6-Keto-estradiol)1

0.74 2.4

Estradiol related compound

B(6-Dehydro-estradiol)2

0.96 1.4

Estradiol 1.0 –

Any other individual impu-

rity – 0.8

Total impurities – 4.4

1 1,3,5(10)-Estratrien-3,17b-diol-6 one
2 1,3,5(10),6-Estratetraen-3,17b-diol

Change to read:

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (5 : 1). (55 : 45).

Solvent solution—Prepare a mixture of water and absolute

alcohol (1 : 1).

Estrone standard stock solution—Prepare a solution of USP

Estrone RS in absolute alcohol having a known concentration

of 0.4 mg per mL.

Estradiol standard stock solution—Prepare a solution of

USP Estradiol RS in absolute alcohol having a known

concentration of 0.5 mg per mL 0.25 mg per mL.

System suitability preparation—Transfer 400 mL 800 mL of

Estradiol standard stock solution and 200 mL of Estrone

standard stock solution to a 100-mL volumetric flask, and

dilute with Solvent solution to volume.

Standard solution preparation—Pipet 500 mL 1000 mL of

Estradiol standard stock solution into a 250-mL 100-mL

flask, and dilute with Solvent solution to volume to obtain a

solution having a known concentration of about 1.0 mg per

mL. 2.5 mg per mL.

Assay preparation—Add 10 Tablets Inserts into a measured

amount of Solvent solution to obtain a solution having an

estradiol concentration of about 2.5 mg per mL. Stir the

mixture overnight with a magnetic stirrer, shake thoroughly,

and centrifuge if necessary.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 205-nm detector

and a 3.9-mm 6 30-cm column that contains 4-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the System suitability preparation, and record the peak

responses as directed for Procedure: the resolution, R,

between estradiol and estrone is not less than 2.0; and the

relative standard deviation for replicate injections is not more

than 2.0%.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
600 IN-PROCESS REVISION Vol. 34(3) [May–June 2008]



Black plate (601,1)

Procedure—Separately inject equal volumes (about 50

mL20 mL) of the Standard preparation and the Assay

preparation into the chromatograph, record the chromato-

grams, and measure the peak responses. Calculate the

quantity, in mg, of estradiol (C18H24O2) in the portion of

Tablets Inserts taken by the formula: Calculate the quantity, in

percent of label claim, of estradiol (C18H24O2), in the portion

of Inserts taken by the formula:

100(C/)(rU / rS)

DC(rU / rS)

100(CS /CU)(rU / rS)

in which D is the dilution factor used in the preparation of the

Assay preparation, C is the concentration, in mg per mL, of

USP Estradiol RS in the Standard preparation; CS is the

concentration, in mg per mL, of estradiol in the Standard

preparation; CU is the concentration, in mg per mL, of

estradiol in the Assay preparation, based on the label claim;

and rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP32)

BRIEFING

Fenoprofen Calcium, USP 31 page 2148. On the basis of
comments received, it is proposed to add a note in the
Chromatographic system under Chromatographic purity to provide
additional information on the column used in the Procedure to assist
in meeting the System suitability requirement.

(MD-CCA: C. Anthony) RTS—C39880

Change to read:

Chromatographic purity—
Solution A—Prepare a filtered and degassed mixture of water and

acetic acid (98 : 2).

Solution B—Prepare a filtered and degassed mixture of acetonitrile
and acetic acid (98 : 2).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Diluent: a mixture of water and acetonitrile (1 : 1).
System suitability solution—Dissolve accurately weighed quan-

tities of 3-phenoxybenzoic acid and USP Fenoprofen Calcium RS in
Diluent to obtain a solution containing about 0.02 mg of each per
mL.
Standard solution—Dissolve an accurately weighed quantity of

USP Fenoprofen Calcium RS in Diluent to obtain a solution having a
known concentration of about 0.02 mg per mL.
Test solution—Transfer about 200 mg of Fenoprofen Calcium,

accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with Diluent to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 270-nm detector and a

&suitable&1S (USP32)
4.6-mm 6 25-cm column

&1
&1S (USP32)

that contains 5-mm packing L7. The flow rate is 1.5 mL per minute.
The chromatograph is programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 70 30 equilibration
0–3 70 30 isocratic
3–41 70?10 30?90 linear gradient
41–42 10 90 isocratic
42–43 10?70 90?30 linear gradient
43–55 70 30 re-equilibration

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the relative retention times are
about 0.89 for 3-phenoxybenzoic acid and 1.0 for fenoprofen; the
resolution, R, between 3-phenoxybenzoic acid and fenoprofen is not
less than 9.0; and the tailing factor for the fenoprofen peak is not
more than 2.0. Chromatograph the Standard solution, and record the
peak responses as directed for Procedure: the tailing factor for the
fenoprofen peak is not more than 2.0; and the relative standard
deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of each impurity in the portion of
Fenoprofen Calcium taken by the formula:

10,000(C/W)(ri /rS)

in which C is the concentration, in mg per mL, of USP Fenoprofen
Calcium RS in the Standard solution; W is the quantity, in mg, of
Fenoprofen Calcium taken to prepare the Test solution; ri is the
response for each impurity peak obtained from the Test solution; and
rS is the response of the fenoprofen peak obtained from the Standard
solution: not more than 0.5% of any individual impurity is found;
and not more than 2.0% of total impurities is found.

&1 One suitable column brand is the Zorbax Eclipse XDB-
C8.&1S (USP32)
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BRIEFING

Fentanyl, page 1626 of PF 31(6) [Nov.–Dec. 2005]. It is
proposed to replace the test for Related compounds and the Assay in
an effort to quantify the fentanyl and related compounds and tighten
the impurity limits. The liquid chromatographic procedures in the
test for Related compounds and the Assay are based on analyses
performed with a Waters Xterra C8 brand of L7 column. The typical
retention time for fentanyl is about 14.3 minutes.

(MD-CCA: C. Anthony) RTS—C61293

Add the following:

&Fentanyl

C22H28N2O 336.47

Propanamide, N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl].

N-(1-Phenethyl-4-piperidyl)propionanilide [437-38-7].

» Fentanyl contains not less than 98.0 percent and

not more than 102.0 percent of the labeled amount

of C22H28N2O, calculated on the dried basis.

Caution—Great care should be taken to prevent

inhaling particles of Fentanyl and exposing the

skin to it.

Packaging and storage—Preserve in tightly closed, light-

resistant containers. Store at 258, excursions permitted

between 158 and 308.

USP Reference standards h11i—USP Fentanyl RS. USP

Fentanyl Related Compound A RS. USP Fentanyl Related

Compound B RS. USP Fentanyl Related Compound C RS.

USP Fentanyl Related Compound D RS. USP Fentanyl

Related Compound E RS. USP Fentanyl Related Compound

F RS. USP Fentanyl Related Compound G RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chromat-

ogram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in the

Assay.

Loss on drying h731i—Dry it in a vacuum at 608 for 2 hours:

it loses not more than 0.5% of its weight.

Residue on ignition h281i: not more than 0.5%.

Heavy metals, Method II h231i: 0.002%.

Related compounds—

Standard stock solution—Dissolve an accurately weighed

quantity of USP Fentanyl Related Compound A RS, USP

Fentanyl Related Compound B RS, USP Fentanyl Related

Compound C RS, USP Fentanyl Related Compound D RS,

USP Fentanyl Related Compound E RS, USP Fentanyl

Related Compound F RS, and USP Fentanyl Related

Compound G RS in methanol to obtain a solution having a

known concentration of each related compound of about 0.13

mg per mL.

Standard solution—Prepare a 1 : 5 dilution of Standard

stock solution in methanol.

Test solution—Transfer 250 mg of Fentanyl, accurately

weighed, to a 10-mL volumetric flask, and dissolve in

methanol.

Spiked test solution—Transfer 250 mg of Fentanyl,

accurately weighed, to a 10-mL volumetric flask, and dissolve

in Standard stock solution.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame ionization

detector and a 0.32-mm 6 30-m column containing a 0.5-mm

layer of phase G3. The carrier gas is helium, flowing at a rate
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of about 2.4 mL per minute, and the split ratio is about 30 : 1.

The chromatograph is programmed as follows. Initially the

temperature of the column is equilibrated at about 2208 for

2.5 minutes, then the temperature is increased at a rate of 88

per minute to 2758, and maintained at 2758 for 26 minutes.

The equilibration time is 2 minutes. The injector and detector

port temperatures are maintained at 2808. Chromatograph the

Spiked test solution, and record the peak responses as directed

for Procedure: the relative standard deviation for six replicate

injections is not more than 5% for each impurity.

Procedure—Separately inject equal volumes (about 3 mL)

of the Test solution and the Standard solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Impurity peak responses are normalized to

adjust for different drug weights. Determine the concentra-

tion, in mg per mL, of each impurity obtained from the

chromatogram of the Test solution . Then calculate the

content of each related compound in % (w/w) by using the

following equations:

(n)AS = AS 6 CT /CS

Xi = AT 6 Ci / [(n)AS – AT]

% (w/w) = Xi 6 100/CT

in which (n)AS is the normalized peak area of the related

compound obtained from the chromatogram of the Spiked test

solution, AS is the peak area of of the related compound

obtained from the Spiked test solution, and AT is the peak area

of the related compound obtained from the Test solution; CT

and CS are the concentrations of fentanyl, in mg per mL, in the

Test solution and the Spiked test solution, respectively; Ci is

the concentration, in mg per mL, of the related compound in

the Standard stock solution; Xi is the calculated concentration,

in mg per mL, of each related compound in the Test solution.

Calculate impurity content in % (w/w) by using the

following equations:

(n)Aki = Aki 6 CT /CS

ECuk = Auk 6 Cki /[(n)Aki – Aki]

Unknown Impurity % = ECuk 6 100/CT

in which (n)Aki is the normalized peak area of a known

impurity obtained from the chromatogram of the Spiked test

solution, Aki is half the peak area of the nearest known

impurity in the chromatogram of the Spiked test solution, and

Auk is the peak area of an unknown impurity obtained from the

chromatogram of the Test solution; CT and CS are the

concentrations, in mg per mL, of fentanyl in the Test solution

and the Spiked test solution, respectively; ECuk is the

estimated concentration of an unknown impurity in the Test

solution; and Cki is the concentration, in mg per mL, of a

known impurity in the Test solution: the impurities meet the

requirements specified in the table below.

Name

Relative

Retention

Times

Limits

(%)

USP Fentanyl Related Compound A 0.17 0.25

USP Fentanyl Related Compound B 0.44 0.25

USP Fentanyl Related Compound C 0.59 0.25

USP Fentanyl Related Compound D 0.72 0.25

USP Fentanyl Related Compound E 0.78 0.25

USP Fentanyl Related Compound F 0.89 0.25

USP Fentanyl Related Compound G 0.96 0.25

Individual unknown impurities NA 0.1

Total impurities NA 0.5
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Solution A, Solution B, Diluent, System suitability

preparation, Assay stock preparation, and Chromatographic

system—Proceed as directed in the Assay.

Impurity standard stock solution—Accurately weigh a

quantity of USP Fentanyl Related Compound E RS in a

suitable volumetric flask, dissolve in acetonitrile (50% of the

flask volume), and then dilute with water to volume to obtain

a solution having a known concentration of about 0.1 mg per

mL. Dilute an aliquot with Diluent to obtain a concentration

of about 1.2 mg per mL.

0.01% Impurity standard solution—Prepare a dilution of

Impurity standard stock solution in Diluent to obtain a

concentration of about 0.024 mg per mL.

Test solution—Dilute a suitable volume of Assay stock

preparation with Diluent to obtain a solution having a known

concentration of about 250 mg per mL.

Procedure—Separately inject equal volumes (about 30 mL)

of the 0.01% Impurity standard solution and the Test solution.

Identify fentanyl related compound C and fentanyl related

compound F by using the relative retention times provided in

Table 1. Identify the other impurity peaks in the sample by

comparing them to those in the System suitability prepara-

tion. Record the chromatograms and measure the peak

responses. Calculate the percentage of each individual

impurity listed in Table 1 using the formula:

(100 /F)(CS /CT )(RT /RS)

in which F is the relative response factor of the related

compounds listed in Table 1; CS is the concentration of USP

Fentanyl Related Compound E RS in the 0.01% Impurity

standard solution, in mg per per mL; CT is the concentration,

in mg per mL, of Fentanyl in the Test solution;RT is the

response of each individual impurity obtained from the Test

solution; and RS is the response of fentanyl related compound

E in the 0.01% Impurity standard solution: the impurities

meet the requirements specified in Table 1.

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile, water, triethylamine, phosphoric acid, and

octanesulfonic acid (500 : 500 : 1 : 1 : 0.5)

Diluent—Prepare a 0.02N sulfuric acid solution.

Standard preparation—Dissolve an accurately weighed

quantity of USP Fentanyl RS in Diluent to obtain a solution

having a known concentration of about 15 mg per mL.

System suitability solution—Dissolve accurately weighed

quantities of Fentanyl and USP Fentanyl Related Compound

G RS in Diluent, and dilute quantitatively, and stepwise if

necessary, with Diluent to obtain a solution having a

concentration of 10 mg per mL of fentanyl base and 1 mg

per mL of USP Fentanyl Related Compound G RS.

Assay preparation—Dissolve an accurately weighed quan-

tity of Fentanyl in Diluent to obtain a solution having a

known concentration of about 15 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 15-cm column that contains packing L1.

The flow rate is about 1.0 mL per minute. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor for the fentanyl peak

is not greater than 2.0. Chromatograph the System suitability

solution, and record the peak responses as directed for

Procedure: the resolution, R, between fentanyl and fentanyl

related compound G is not less than 1.5; and the relative

standard deviation for replicate injections is not greater than

2.0% for fentanyl.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and Assay preparation into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the quantity, in percent, of

C22H28N2O in the portion of Fentanyl taken by the formula:

100(CS /CU)(rU / rS)
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Black plate (605,1)

in which CS is the concentration, in mg per mL of USP

Fentanyl RS in the Standard preparation; CU is the

concentration of Fentanyl in the Assay preparation; and rU

and rS are the peak responses of fentanyl in the Assay

preparation and Standard preparation, respectively.

Solution A—Prepare a filtered and degassed aqueous

solution of 0.3% triethylamine as follows: add 3 mL

triethylamine to about 950 mL of water in a 1000-mL

volumetric flask, adjust the pH of the solution to 2.62+ 0.02

with perchloric acid, and dilute with water to volume.

Solution B: acetonitrile.

Diluent—Prepare a mixture of Solution A and Solution B

(9 : 1).

System suitability stock preparation—Dissolve an accurate-

ly weighed quantity each of USP Fentanyl Related Com-

pound A RS, USP Fentanyl Related Compound B RS, USP

Fentanyl Related Compound D RS, USP Fentanyl Related

Compound E RS, and USP Fentanyl Related Compound G

RS in a suitable volumetric flask with acetonitrile (50% of the

flask volume), and dilute with water to volume to obtain a

known concentration of about 0.4 mg per mL of USP

Fentanyl Related Compound A RS, and about 0.1 mg per mL

each of USP Fentanyl Related Compound B RS, USP

Fentanyl Related Compound D RS, USP Fentanyl Related

Compound E RS, and USP Fentanyl Related Compound G

RS.

System suitability preparation—Dilute System suitability

stock preparation in Diluent, and add an appropriate amount

of Standard stock preparation to obtain a solution having the

concentration of about 0.3 mg per mL each of the related

compounds B, D, G, and E; 1.3 mg per mL of USP Fentanyl

Related Compound A RS; and 100 mg per mL of fentanyl.

Table 1

Compound Name

Relative

Retention

Time1

Relative

Response

Factor2

Limit

(%)

Fentanyl related compound B3 0.28 0.67 0.015

Fentanyl related compound C4 0.56 0.67 0.25

Fentanyl related compound D5 0.86 0.97 0.015

Fentanyl related compound G6 0.89 0.82 0.25

Fentanyl related compound F7 0.92 0.75 0.25

Fentanyl related compound E8 0.98 1.00 0.015

Fentanyl 1.00 — —

Fentanyl related compound A9 1.26 0.55 0.25

Individual unspecific impurities — — 0.10

Total impurities — — 0.5

1 Relative retention time is calculated based on fentanyl.
2 Relative response factor (RRF) is calculated based on fentanyl related compound E.
3 4-Anilinopiperidine.
4 N-Phenyl-N-(4-piperidinyl)propanamide.
5 N-Phenyl-1-(phenylmethyl)-4-piperidinamine.
6 N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]acetanilide HCl, or acetyl fentanyl.
7 N-(1-Benzyl-4-piperidinyl)propionanilide.
8 N-Phenyl-1-(2-phenylethyl)-4-piperidinamine.
9 (2-Bromoethyl)benzene.
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Black plate (606,1)

Standard stock preparation—Accurately weigh a quantity

of USP Fentanyl RS in a suitable volumetric flask, dissolve in

acetonitrile (40% of the flask volume), and dilute with water

to volume to obtain a solution having a known concentration

of about 1 mg per mL of fentanyl.

Standard preparation—Dilute a portion of the Standard

stock preparation in Diluent to obtain a solution having a

known concentration of about 0.1 mg per mL of fentanyl.

Assay stock preparation—Transfer 100 mg of Fentanyl,

accurately weighed, to a 100-mL volumetric flask, add 25 mL

of acetonitrile, and dissolve by shaking. Dilute with Diluent

to volume, and mix.

Assay preparation—Dilute a suitable volume of Assay

stock preparation with Diluent to obtain a solution having a

known concentration of about 0.1 mg per mL of fentanyl.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 206-nm detector

and a 4.6-mm 6 15-cm column that contains packing L7, 3.5

mm in diameter. The flow rate is about 1.0 mL per minute.

The column is maintained at 358. The chromatograph is

programmed as follows.

Time

(minutes)

Solution A

(% v/v)

Solution B

(% v/v) Elution

0–2 90 10 isocratic elution

2–3.5 90?85 10?15 linear gradient

3.5–5.1 85?82 15?18 linear gradient

5.1–7.6 82?72 18?28 linear gradient

7.6–11.5 72?63 28?37 linear gradient

11.5–15 63?40 37?60 linear gradient

15–19 40 60 isocratic elution

19–20 40?90 60?10 re-equilibrate to

initial eluent

composition

20–25 90 10 equilibration

Chromatograph the System suitability preparation, and

record the chromatogram as directed for Procedure: the

resolution, R, between the fentanyl and USP Fentanyl Related

Compound E RS peaks is not less than 1.2; the tailing factor

of the fentanyl and related substance peak is not less than 0.5

and not greater than 2; and the relative standard deviation of

the peak response for five replicate injections of the System

suitability preparation is not greater than 0.7% for fentanyl

and not greater than 10% for the related compounds.

Procedure—Separately inject equal volumes (about 30 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak responses for the fentanyl peaks. Determine the

percentage of C22H28N2O in the portion of Fentanyl taken by

the formula:

100(CS /CU )(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

Fentanyl in the Standard preparation and the Assay

preparation, respectively; and rU and rS are the responses

obtained from the Assay preparation and the Standard

preparation, respectively.&1S (USP32)

BRIEFING

Fexofenadine Hydrochloride, USP 31 page 2161. Based on
comments received from an FDA-approved manufacturer, it is
proposed to revise the limit of water for the anhydrous material from
not more than 0.5% to not more than 2.0%. The material is
hygroscopic. In the absence of any significant adverse comments, it
is proposed to implement this revision via an Interim Revision
Announcement in PF 34(5) [Sept.–Oct. 2008] with an official date of
October 1, 2008.

(MD-PS: D. Bempong) RTS—C62778

Change to read:

Water, Method Ic h921i: not more than 0.5%

.2.0%.5
for the anhydrous form; between 6.0% and 10.0% for the hydrate
form. [NOTE—‘‘Hydrate’’ refers to a mixture of dihydrate and
trihydrate forms of fexofenadine hydrochloride.]
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Black plate (607,1)

BRIEFING

Flavoxate Hydrochloride Tablets, page 1174 of PF 33(6) [Nov.–
Dec. 2007]. It is proposed to add a Dissolution test.

(BPC: M. Marques) RTS—C54639

Add the following:

~Flavoxate Hydrochloride Tablets

» Flavoxate Hydrochloride Tablets contain not less

than 90.0 percent and not more than 110.0 percent

of flavoxate hydrochloride (C24H25NO4 �HCl),
based on the label claim.

Packaging and storage—Preserve in well-closed containers,

protected from light.

USP Reference standards h11i—USP Flavoxate Hydro-

chloride RS. USP Flavoxate Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki—

Test specimen—Grind at least 4 Tablets into a fine powder.

Use an amount of powder equivalent to about 100 mg of

flavoxate hydrochloride. Add 30 mL of methanol, and stir for

about 10 minutes. Pass through a Whatman #1 filter paper,

and collect the filtrate. Evaporate the methanol to dryness on

a steam bath with the help of nitrogen gas. Dry the residue in

vacuum at 608 for about 30 minutes. Mix 1 to 2 mg of dried

residue with 200 mg of potassium bromide, and grind

thoroughly for 10 to 15 minutes.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to the

major peak in the chromatogram of the Standard preparation,

as obtained in the Assay.

Add the following:

&Dissolution h711i—

Medium: 0.1N hydrochloric acid; 900 mL, deaerated.

Apparatus 1: 100 rpm.

Time: 30 minutes.

Standard solution—Transfer an accurately weighed quan-

tity of USP Flavoxate Hydrochloride RS to a suitable

volumetric flask, dissolve in a small amount of methanol

(not more than 2% of the final volume), and dilute with

Medium to volume to obtain a solution having a known

concentration of about 0.11 mg per mL.

Test solution—Pass a portion of the solution under test

through a suitable filter having a porosity of 45 mm.

Procedure—Determine the amount of C24H25NO4 �HCl

dissolved by employing UV absorption at the wavelength of

maximum absorbance at about 294 nm, in portions of the Test

solution in comparison with the Standard solution, using a

cell with a path length of 0.2 cm and using Medium as the

blank. Calculate the percentage of C24H25NO4 �HCl dissolved

by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and the Standard solution, respectively; CS is the

concentration, in mg per mL, of the Standard solution; 900 is

the volume, in mL, of Medium; 100 is the conversion factor

to percentage; and L is the Tablet label claim, in mg.

Tolerances—Not less than 70% (Q) of the labeled amount

of C24H25NO4 �HCl is dissolved in 30 minutes.&1S (USP32)

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Mobile phase—Prepare as directed in the Assay.
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Black plate (608,1)

Standard stock solution—Dissolve an accurately weighed

quantity of USP Flavoxate Hydrochloride RS in Mobile

phase, and dilute quantitatively, and stepwise if necessary,

with Mobile phase to obtain a solution having a known

concentration of about 0.1 mg per mL.

USP Flavoxate Related Compound A RS stock solution—

Dissolve an accurately weighed quantity of USP Flavoxate

Related Compound A RS in acetonitrile to obtain a solution

having a known concentration of about 0.3 mg per mL.

Standard solution—Quantitatively dilute suitable volumes

of Standard stock solution and USP Flavoxate Related

Compound A RS stock solution with Mobile phase to obtain a

solution having a final known concentration of about 0.001

mg per mL of flavoxate hydrochloride and about 0.003 mg

per mL of flavoxate related compound A.

Test solution—Filter the Assay stock preparation, prepared

as directed in the Assay, through a 0.45-mm filter (polyvinyl-

idene fluoride [PVDF] or equivalent). Use the filtrate.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak areas as directed for Procedure:

the resolution, R, between flavoxate hydrochloride and

flavoxate hydrochloride related compound A is not less

than 10.0; the column efficiency is not less than 3000 plate

counts; the tailing factor is not more than 2.0 for flavoxate

hydrochloride; and the relative standard deviation for five

replicate injections is not more than 2.0% for both peaks.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, and record the chromatograms. Measure the

peak areas of all the peaks in the Test solution. Identify the

peaks using the relative retention times as given in Table 1.

Table 1

Component

Relative

Retention

Time

Relative

Response

Factor

Limit

(%)

Flavoxate hydrochloride 1.0 — —

Flavoxate related com-

pound A*

2.5 1.5 0.3

Any individual unspeci-

fied degradation

product

— 1.0 0.1

Total impurities — — 1.0

* 3-Methylflavone-8-carboxylic acid.

Calculate the percentage of each impurity relative to flavoxate

hydrochloride in the portion of Tablets taken by the formula:

100(CS /CU)(ri / rS)(1/F)

in which CS is the concentration, in mg per mL, of flavoxate

hydrochloride in the Standard solution; CU is the nominal

concentration, in mg per mL, of flavoxate hydrochloride,

based on label claim, in the Test solution; ri is the peak

response of each individual impurity; rS is the response of the

flavoxate hydrochloride peak obtained from the Standard

solution; and F is the relative response factor for each of the

impurities relative to flavoxate hydrochloride, as shown in

Table 1.

Assay—

Mobile phase—Dissolve 1.0 g of sodium hexanesulfonate,

1.0 mL of triethylamine, and 1.0 mL of phosphoric acid in

650 mL of water. Filter, and degas. To the filtrate, add 350 mL

of acetonitrile. Mix well. Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Flavoxate Hydrochloride RS, and dilute

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution having a known concentration of about

0.05 mg per mL.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
608 IN-PROCESS REVISION Vol. 34(3) [May–June 2008]



Black plate (609,1)

Assay stock preparation—Weigh and finely powder not

fewer than 20 Tablets. Weigh accurately a portion of the

powder, equivalent to about 100 mg of flavoxate hydrochlo-

ride based on label claim, and transfer to a 100-mL

volumetric flask. Add about 80% volume of Mobile phase.

Sonicate for 10 minutes, and stir for 15 minutes. Dilute with

Mobile phase to volume.

Assay preparation—Dilute the Assay stock preparation

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution with a nominal concentration of about

0.05 mg per mL of flavoxate hydrochloride, based on label

claim. Filter the solution through a 0.45-mm filter (polyvi-

nylidene fluoride [PVDF] or equivalent). Use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 293-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is not less than

3000; the tailing factor is not more than 2.0; and the relative

standard deviation for five replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the flavoxate hydrochloride peak whose

retention time is about 4.0 minutes. Calculate the percentage

of the labe l c la im of flavoxate hydrochlor ide

(C24H25NO4 �HCl) in the portion of the Tablets taken by the

formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of flavoxate

hydrochloride in the Standard preparation; CU is the nominal

concentration of flavoxate hydrochloride in the Assay

preparation, based on the label claim; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.~USP32

BRIEFING

Fluticasone Propionate Cream. Because there is no existing
USP monograph for this drug product, a new monograph, based on
validated methods of analysis, is being proposed. The liquid
chromatographic procedure in the Assay is based on analyses
performed with the Spherisorb ODS1 brand of L1 column. The
typical retention time for the fluticasone propionate peak is about 7
minutes.

(MD-PS: D. Bempong; MSA: R. Tirumalai) RTS—C42157

Add the following:

&Fluticasone Propionate Cream

» Fluticasone Propionate Cream contains not less

than 90.0 percent and not more than 110.0 percent

of the labeled amount of fluticasone propionate

(C25H31F3O5S).

Packaging and storage—Preserve in collapsible tubes or

tight containers, protected from light. Store between 28 and

308.

USP Reference standards h11i—USP Fluticasone Propio-

nate RS. USP Fluticasone Propionate Nasal Spray Resolution

Mixture RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Adsorbent: 0.2-mm layer of chromatographic silica gel

mixture on a high-performance thin-layer chromatographic

plate, 5-mm particle size.

Test solution—Transfer an accurately weighed quantity of

Cream, equivalent to about 1000 mg of Fluticasone

Propionate to a 125-mL separatory funnel. Add 25 mL of

acetonitrile and 25 mL of hexane to the separatory funnel,

stopper and shake the funnel until the Cream is completely

dispersed. Shake the separatory funnel for an additional three

minutes and allow the phases to separate. Filter the lower
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Black plate (610,1)

layer through a 20-mL syringe containing a cotton plug into a

50-mL volumetric flask. Repeat the extraction with one 7-mL

aliquot of acetonitrile and filter the lower layer into the

volumetric flask. Wash the cotton plug with about 2 mL of

acetonitrile and collect the washings into the volumetric flask.

Dilute the sample extract to volume with acetonitrile, and

mix. Transfer 12 mL of the sample extract to a glass tube

suitable for evaporation, and evaporate to dryness at about

408. Dissolve the residue in 0.6 mL of acetonitrile and mix.

[NOTE—The Test solution may be cloudy due to the presence

of undissolved excipients.]

Standard solution—Prepare a solution containing 0.4 mg

per mL of USP Fluticasone Propionate RS in acetonitrile.

Developing solvent system: a mixture of dichlorometh-

ane, ethyl acetate, and glacial acetic acid (30 : 8 : 1).

Procedure—Separately apply 40 mL of the Standard

solution and the Test solution to the plate. On the same

plate, apply 20 mL of the Standard solution, allow the

application to dry, and apply 20 mL of the Test solution on top

of the dried 20-mL Standard solution spot. Allow each of the

applications to dry thoroughly. Place the plate in a tank

equilibrated with the developing solvent, and allow the

developing solvent to travel about 8 cm from the point of

application. Remove the plate and allow to air-dry. Examine

the plate under ultraviolet light at 254 nm. The RF value of the

principal spot for the Test solution corresponds to that of the

Standard solution. [NOTE—Use the Standard solution and the

Test solution overspot to confirm identity if the excipients in

the Cream interfere with the appearance of the principal spot

obtained for the Test solution.]

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Microbial limits h61i—It meets the requirements of the tests

for absence of Staphylococcus aureus and Pseudomonas

aeruginosa. The total aerobic microbial count does not

exceed 100 cfu per g, and the total combined molds and

yeasts count does not exceed 10 cfu per g.

pH h791i: between 4.5 and 6.5.

Minimum fill h755i: meets the requirements.

Assay—[NOTE—Protect the Standard preparation and the

Assay preparation from direct light by using a light-protective

volumetric flask and autosampler vials.]

pH 3.5 Buffer—Transfer 1.20 g of monobasic ammonium

phosphate into a 1-L volumetric flask, dissolve in and dilute

with water to volume. Mix thoroughly and adjust with

phosphoric acid to pH 3.50 +0.03.

Mobile phase—Prepare a filtered and degassed mixture of

methanol, pH 3.5 Buffer, and acetonitrile (50 : 35 : 15). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent—Transfer 650 mL of alcohol into a 1-L volumetric

flask, dilute with water to volume, and mix.

Resolution solution—Prepare a solution containing 0.5 mg

per mL of USP Fluticasone Propionate Nasal Spray

Resolution Mixture RS in methanol. Dilute an aliquot of

this solution with Diluent to obtain a solution containing 10

mg of USP Fluticasone Propionate Nasal Spray Resolution

Mixture RS per mL. [NOTE—USP Fluticasone Propionate

Nasal Spray Resolution Mixture RS is a mixture of

fluticasone propionate and fluticasone propionate related

compound D.]

Standard preparation—Prepare a solution with a known

concentration of about 0.5 mg per mL USP Fluticasone

Propionate RS in methanol and water (80 : 20) by first

dissolving the accurately weighed sample in a volume of

methanol equivalent to 80% of the final volume, and diluting

with water to volume. Transfer 4 mL of this solution into a

100-mL volumetric flask, dilute with Diluent to volume, and

mix.
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Black plate (611,1)

Assay preparation—Transfer an accurately weighed quan-

tity of Cream, equivalent to about 1000 mg of fluticasone

propionate to a 125-mL separatory funnel. Add to the

separatory funnel 25 mL of Diluent. Stopper and shake

vigorously until the Cream is completely dispersed. Add 25

mL of hexane, shake for an additional 3 minutes, and allow

the phases to separate. Filter the lower layer through a 20-mL

syringe containing a cotton plug into a 50-mL volumetric

flask. Repeat the extraction with one 5-mL and one 2-mL

aliquot of Diluent, filtering the lower layers into the

volumetric flask. Wash the cotton plug with 1 mL of Diluent,

and collect the washings into the volumetric flask. Dilute the

sample to volume with Diluent, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a variable

wavelength detector and a 4.6-mm 6 25-cm column that

contains 5-mm packing L1. Detection is at 240 nm, and the

column temperature is maintained at about 508. The flow rate

is about 1.5 mL per minute. Chromatograph the Resolution

solution, and record the peak responses as directed for

Procedure: the resolution, R, between fluticasone propionate

and fluticasone propionate related compound D is not less

than 1.4. Chromatograph the Standard preparation and

record the peak responses as directed for Procedure: the

tailing factor (calculated using the width of the peak at 10%

of the height) is not more than 1.4; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the fluticasone propionate peaks. Calculate

the quantity, in mg, of fluticasone propionate (C25H31F3O5S)

in the portion of Cream taken by the formula:

50C(rU / rS)

in which C is the concentration, in mg per mL, of USP

Fluticasone Propionate RS in the Standard preparation; and

rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP32)

BRIEFING

Fluticasone Propionate Ointment. Because there is no existing
USP monograph for this drug product, a new monograph, based on
validated methods of analysis, is being proposed. The liquid
chromatographic procedure in the Assay is based on analyses
performed with the Spherisorb ODS1 brand of L1 column. The
typical retention time for the fluticasone propionate peak is about 14
minutes.

(MD-PS: D. Bempong; MSA: R. Tirumalai) RTS—C42158

Add the following:

&Fluticasone Propionate Ointment

» Fluticasone Propionate Ointment contains not

less than 90.0 percent and not more than 110.0

percent of the labeled amount of fluticasone

propionate (C25H31F3O5S).

Packaging and storage—Preserve in collapsible tubes or

tight containers, protected from light. Store between 28 and

308.

USP Reference standards h11i—USP Fluticasone Propio-

nate RS. USP Fluticasone Propionate Nasal Spray Resolution

Mixture RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Adsorbent: 0.2-mm layer of chromatographic silica gel

mixture on a high-performance thin-layer chromatographic

plate, 5-mm particle size.
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Black plate (612,1)

Test solution: Transfer an accurately weighed quantity of

Ointment, equivalent to about 100 mg of Fluticasone

Propionate to a 125-mL separatory funnel. Add 50 mL of

hexane and 10 mL of acetonitrile to the separatory funnel,

stopper and shake the funnel until the Ointment is completely

dispersed. Shake the separatory funnel for an additional

minute and allow the phases to separate. Filter the lower layer

through a 10-mL syringe containing a cotton plug into a

25-mL volumetric flask. Repeat the extraction with one

10-mL aliquot of acetonitrile and filter the lower layer into the

volumetric flask. Wash the cotton plug with about 2 mL of

acetonitrile and collect the washing into the volumetric flask.

Dilute the sample extract to volume with acetonitrile, and

mix. Transfer about one-half of the extract to a glass tube

suitable for evaporation, and evaporate to dryness at about

408. Transfer the remainder of the sample extract into the

same tube and continue evaporating to dryness. Dissolve the

residue in 0.6 mL of acetonitrile and mix. [NOTE—The Test

solution may be cloudy due to the presence of undissolved

excipients.]

Standard solution—Prepare a solution containing 0.17 mg

per mL of USP Fluticasone Propionate RS in acetonitrile.

Developing solvent system: a mixture of dichlorometh-

ane, ethyl acetate, and glacial acetic acid (30 : 8 : 1).

Procedure—Separately apply 40 mL of the Standard

solution and the Test solution to the plate. On the same

plate, apply 20 mL of the Standard solution, allow the

application to dry, and apply 20 mL of the Test solution on top

of the dried 20-mL Standard solution spot. Allow each of the

applications to dry thoroughly. Place the plate in a tank

equilibrated with the developing solvent, and allow the

developing solvent to travel about 8 cm from the point of

application. Remove the plate and allow to air-dry. Examine

the plate under ultraviolet light at 254 nm. The RF value of the

principal spot for the Test solution corresponds to that of the

Standard solution. [NOTE—Use the Standard solution and the

Test solution overspot to confirm identity if the excipients in

the Ointment interfere with the appearance of the principal

spot obtained for the Test solution.]

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Microbial limits h61i—It meets the requirements of the tests

for absence of Staphylococcus aureus and Pseudomonas

aeruginosa. The total aerobic microbial count does not

exceed 100 cfu per g, and the total combined molds and

yeasts count does not exceed 10 cfu per g.

Assay—[NOTE—Protect the Standard preparation and the

Assay preparation from direct light by using a light-protective

volumetric flask and autosampler vials.]

pH 3.5 Buffer—Transfer 1.20 g of monobasic ammonium

phosphate into a 1-L volumetric flask, dissolve in and dilute

with water to volume. Mix thoroughly and adjust with

phosphoric acid to pH 3.50 +0.03.

Mobile phase—Prepare a filtered and degassed mixture of

methanol, pH 3.5 Buffer, and acetonitrile (46 : 40 : 14). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent—Transfer 800 mL of methanol into a 1-L

volumetric flask, dilute with water to volume, and mix.

Resolution solution—Prepare a solution containing 0.5 mg

per mL of USP Fluticasone Propionate Nasal Spray

Resolution Mixture RS in methanol. Dilute an aliquot of

this solution with Diluent to obtain a solution containing 5 mg

of USP Fluticasone Propionate Nasal Spray Resolution

Mixture RS per mL. [NOTE—USP Fluticasone Propionate

Nasal Spray Resolution Mixture RS is a mixture of

fluticasone propionate and fluticasone propionate related

compound D.]

Standard preparation—Prepare a solution with a known

concentration of about 0.25 mg per mL of USP Fluticasone

Propionate RS in methanol and water (80 : 20) by first

dissolving the accurately weighed sample in a volume of
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methanol equivalent to 80% of the final volume, and diluting

with water to volume. Quantitatively dilute an aliquot of this

solution with Diluent to obtain a solution having a known

concentration of about 4 mg of fluticasone propionate per mL.

Assay preparation—Transfer an accurately weighed quan-

tity of Ointment, equivalent to about 100 mg of fluticasone

propionate, to a 125-mL separatory funnel. Add to the

separatory funnel 45 mL of hexane previously heated to about

608 in a water bath. [NOTE—Hexane is highly flammable.]

Stopper the separatory funnel and shake vigorously until the

Ointment is completely dispersed. Wash the stopper and neck

of the separatory funnel with 5 mL of hexane heated to 608,

and allow the funnel to cool to room temperature. Transfer 10

mL of Diluent into the separatory funnel, and shake the

contents for about one minute. Allow the phases to separate,

and filter the lower aqueous layer via a cotton wool plug,

previously washed with Diluent, into a 25-mL volumetric

flask. Repeat the extraction with two 5-mL aliquots of

Diluent, filtering the lower layers into the volumetric flask.

Wash the cotton plug with 2 mL of Diluent, and collect the

washings into the volumetric flask. Dilute the sample to

volume with Diluent, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a variable

wavelength detector and a 4.6-mm 6 25-cm column that

contains 5-mm packing L1. Detection is at 240 nm, and the

column temperature is maintained at about 508. The flow rate

is about 1.5 mL per minute. Chromatograph the Resolution

solution, and record the peak responses as directed for

Procedure: the resolution, R, between fluticasone propionate

and fluticasone propionate related compound D is not less

than 1.4. Chromatograph the Standard preparation, and

record the peak responses as directed for Procedure: the

tailing factor (calculated using the width of the peak at 10%

of the height) is not more than 1.4; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the fluticasone propionate peaks. Calculate

the quantity, in mg, of fluticasone propionate (C25H31F3O5S)

in the portion of Ointment taken by the formula:

25C(rU / rS)

in which C is the concentration, in mg per mL, of USP

Fluticasone Propionate RS in the Standard preparation; and

rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP32)

BRIEFING

Fosinopril Sodium, USP 31 page 2230. On the basis of
comments received, it is proposed to widen the limit for fosinopril
related compound A in Test 1 in the tests for Related compounds to
accommodate the approved limit for an FDA-approved marketed
product.

(MD-CV: S. Ramakrishna) RTS—C59979

Change to read:

Related compounds—
TEST 1—
Mobile phase and Chromatographic system—Proceed as directed

in the Assay.
System suitability solution—Transfer about 10 mg of USP

Fosinopril Sodium RS, and about 1 mg each of USP Fosinopril
Related Compound A RS and USP Fosinopril Related Compound B
RS to a 100-mL volumetric flask. Dissolve in and dilute with Mobile
phase to volume, and mix.
Test solution—Use the Assay preparation.
Procedure—Proceed as directed in the Assay, and measure the

areas for each component in the chromatogram obtained, carrying
out the chromatography to four times the retention time of the
fosinopril sodium peak. Calculate the percentage of each individual
related compound by the formula:

100(ri / rs)

in which ri is the response of any individual peak, other than the
fosinopril sodium peak; and rs is the sum of the responses of all the
peaks. [NOTE—If present, two more diastereomers may not be
resolved from fosinopril related compound B by this method. These
peaks, appearing at a relative retention time of 0.7, should be
integrated together to determine conformance with the limit in Table
1.]
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Table 1

Relative
Retention
Time

Fosinopril
Related

Compound Test
Limit
(%)

2.0 A1 1 0.3

&0.75&1S (USP32)
0.7 B2 1 1.0
1.2 C3 2 0.3
1.3 D4 2 0.3
0.8 E5 3 0.3
0.9 F6 3 0.3

~

0.12~USP31 Impurity 17 1 0.3
~

0.24~USP31 Impurity 28 1 0.2

1 (4S)-4-Cyclohexyl-1-[(4-phenylbutyl)phosphinyl]acetyl-L-proline.
2 (4S)-4-Cyclohexyl-1-[(R)-[(S)-1-hydroxy-2-methylpropoxy](4-phenylbu-
tyl)phosphinyl]acetyl-D-proline propionate (ester).
3 Mixture of (4S)-4-Cyclohexyl-1-[(S)-[(S)-1-hydroxy-2-methylpropoxy](4-
phenylbutyl)phosphinyl]acetyl-L-proline propionate (ester), sodium salt and
(4S)-4-Cyclohexyl-1-[[(R)-[(R)-1-hydroxy-2-methylpropoxy](4-phenylbutyl)-
phosphinyl]acetyl-L-proline propionate (ester), sodium salt.
4 (4R)-4-Cyclohexyl-1-[(R)-[(S)-1-hydroxy-2-methylpropoxy](4-phenylbu-
tyl)phosphinyl]acetyl-L-proline propionate (ester), sodium salt.
5 (4S)-4- Phenyl-1-[(R)-[(S)-1-hydroxy-2-methylpropoxy](4-phenylbutyl)-
phosphinyl]acetyl-L-proline propionate (ester), sodium salt.
6 (4S)-4-Cyclohexyl-1-[(R)-[(S)-1-hydroxy-propoxy](4-phenylbutyl)phosphi-
nyl]acetyl-L-proline propionate (ester),sodium salt.
7 (2S,4S)-4-Cyclohexyl-1-pivaloylpyrrolidine-2-carboxylic acid.
8 2-((RS)-((SR)-2-Methyl-1-(propionyloxy)propoxy)(4-phenylbutyl)phosphi-
nyl)acetic acid.

TEST 2—

Mobile phase—Prepare a degassed mixture of acetonitrile, water,
and phosphoric acid (4000 : 15 : 2). Make adjustments if necessary
(see System Suitability under Chromatography h621i).
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Resolution solution—Transfer about 1 mg each of USP Fosinopril

Sodium RS, USP Fosinopril Related Compound C RS, and USP
Fosinopril Related Compound D RS to a 100-mL volumetric flask.
Dissolve in and dilute with the Standard solution to volume, and
mix.
Test solution—Use the Assay preparation.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 214-nm detector and a
4.6-mm 6 25-cm column that contains packing L12. The column
temperature is maintained at 458. The flow rate is about 0.9 mL per
minute. Chromatograph the Resolution solution, and record the peak
responses as directed for Procedure: the resolution, R, between
fosinopril sodium and fosinopril related compound C is not less than
1.5.
Procedure—Inject about 20 mL of the Test solution into the

chromatograph, record the chromatogram, and measure the peak
areas, carrying out the chromatography to two times the retention
time of the fosinopril sodium peak. Calculate the percentages of
fosinopril related compound C and fosinopril related compound D
only by the formula:

100(ri / rs)

in which ri is the peak response of fosinopril related compound C or
fosinopril related compound D; and rs is the sum of the responses of
all the peaks.

TEST 3—
0.2% Phosphoric acid solution—Prepare a 1 in 500 solution of

phosphoric acid.
Mobile phase—Prepare a degassed mixture of acetonitrile and

0.2% Phosphoric acid solution (560 : 440). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Resolution solution—Transfer about 1 mg each of USP Fosinopril

Sodium RS, USP Fosinopril Related Compound E RS, and USP
Fosinopril Related Compound F RS to a 100-mL volumetric flask.
Dissolve in and dilute with Mobile phase to volume, and mix.

Test solution—Transfer about 10 mg of Fosinopril Sodium,
accurately weighed, to a 50-mL volumetric flask. Dissolve in and
dilute with Mobile phase to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 205-nm detector and a
4.6-mm 6 25-cm column that contains packing L11. The column
temperature is maintained at 458. The flow rate is about 1 mL per
minute. Chromatograph the Resolution solution, and record the peak
responses as directed for Procedure: the resolution, R, between
fosinopril related compound F and fosinopril sodium is not less than
1.5, and the resolution between fosinopril related compound E and
fosinopril related compound F is not less than 1.5.
Procedure—Inject about 20 mL of the Test solution into the

chromatograph, record the chromatogram, and measure the peak
areas, carrying out the chromatography to four times the retention
time of the fosinopril sodium peak. Calculate the percentages of
fosinopril related compound E and fosinopril related compound F
only, using the formula below:

100(ri / rs)

in which ri is the peak response of fosinopril related compound E or
fosinopril related compound F; and rs is the sum of the responses of
all the peaks. In addition to not exceeding the limits for impurities in
Table 1, not more than 0.1% of any other individual impurity is
found (calculated as directed for the Procedure in Test 1); and not
more than 1.5% of total impurities is found.

BRIEFING

Haloperidol Decanoate. Because there is no existing USP
monograph for this active drug substance, a new monograph is
proposed. The liquid chromatographic procedures in the test for
Related compounds and in the Assay are based on analyses
performed with the Hypersil BDS brand of C18 column containing
packing L1. The typical retention time for haloperidol decanoate is
about 21 minutes.

(MD-PP: R. Ravichandran) RTS—C42649

Add the following:

&Haloperidol Decanoate

C31H41ClFNO3 530.11

Decanoic acid, 4-(4-chlorophenyl)-1-[4-(4-fluorophenyl)-4-

oxobutyl]-4-piperidinyl ester.
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Decanoic acid, ester with 4-[4-(p-chlorophenyl)-4-hydroxy-

piperidino]-4’-fluorobutyrophenone [74050-97-8].

» Haloperidol Decanoate contains not less than

98.0 percent and not more than 102.0 percent of

C31H41ClFNO3, calculated on the dried basis.

Packaging and storage—Preserve in light-resistant, tight

containers. Store at room temperature.

USP Reference standards h11i—USP Bromperidol Deca-

noate RS. USP Haloperidol Decanoate RS.

Identification—

A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

C: Mix about 0.1 g of the sample with 0.5 g of anhydrous

sodium carbonate in a porcelain crucible. Heat over open

flame for 10 minutes. Allow to cool. Dissolve the residue in 5

mL of dilute nitric acid and filter. One mL of the filtrate

diluted with 1 mL of water responds to the silver nitrate

precipitate test for Chlorides under Identification Tests—

General h191i.

Loss on drying h731i—Dry in vacuum at 308 under

phosphorous pentoxide desiccant: it loses not more than

0.5% of its weight.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: 10 ppm.

Related compounds—

Solution A, Solution B, and Mobile phase—Prepare as

directed in the Assay.

System suitability solution—Dissolve suitable quantities of

USP Haloperidol Decanoate RS and USP Bromperidol

Decanoate RS in methanol to obtain a solution containing

about 0.05 mg per mL of each.

Standard solution—Dilute quantitatively a suitable volume

of the Standard preparation from the Assay with methanol to

obtain a final known concentration of about 0.05 mg per mL

of haloperidol decanoate.

Test solution—Dissolve an accurately weighed quantity of

Haloperidol Decanoate in methanol, and dilute quantitatively,

and stepwise if necessary, with methanol to obtain a solution

having a known concentration of 10 mg per mL.

Chromatographic system—Prepare as directed in the Assay.

Chromatograph about 10 mL of the System suitability

solution. Record the peak responses as directed for Proce-

dure, and identify the peaks using the relative retention times

given in Table 1: the resolution, R, between haloperidol

decanoate and bromperidol decanoate is not less than 1.5.

Chromatograph about 10 mL of the Standard solution.

Procedure—Inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromato-

graph, and record the chromatogram. Identify the impurities

based on the relative retention times given in Table 1, and

measure the peak responses. Calculate the percentage of each

of the impurities in the portion of Haloperidol Decanoate

taken by the formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

haloperidol decanoate in the Standard solution and Test

solution respectively; rU is the peak area of each impurity

obtained from the Test solution; and rS is the peak area of

haloperidol decanoate obtained from the Standard solution.

The limits of all the impurities are given in Table 1.
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Table 1

Related Compound

Approximate

Relative

Retention

Time (RRT)

Limit

(%)

Haloperidol octanoate 0.6 NMT 0.5

Haloperidol nonanoate 0.79 NMT 0.5

Haloperidol decanoate 1.0 —

Bromperidol decanoate* 1.05 —

Haloperidol undecanoate 1.22 NMT 0.5

Haloperidol dodecanoate 1.46 NMT 0.5

Any other individual

unspecified impurity

— NMT 0.10

Total impurities — NMT 1.5

* Used only for system suitability.

Assay—

Solution A—Dissolve 27 g of tetrabutylammonium hydro-

gen sulfate in 1 L of water.

Solution B: acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary. (See System Suitability under

Chromatography h621i).

Standard preparation—Dissolve a suitable quantity of USP

Haloperidol Decanoate RS in methanol to obtain a solution

having a known concentration of about 0.2 mg per mL.

Assay preparation—Dissolve an accurately weighed quan-

tity of Haloperidol Decanoate in methanol, and dilute

quantitatively, and stepwise if necessary, with methanol to

obtain a solution having a concentration of about 0.2 mg per

mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detector

and a 4-mm 610-cm column that contains 3-mm packing L1.

The flow rate is about 1.5 mL per minute. The chromatograph

is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0?30 80?40 20?60 linear gradient

30?35 40 60 isocratic

35?40 40?80 60?20 linear gradient

40?45 80 20 re-equilibration

Chromatograph about 10 mL of the Standard preparation: the

tailing factor is not more than 1.5 and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, and measure the responses for the

haloperidol decanoate peak. Calculate the quantity, in

percentage, of C31H41ClFNO3 in the portion of Haloperidol

Decanoate taken by the formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentrations of haloperidol

decanoate, in mg per mL, in the Standard preparation and the

Assay preparation, respectively; and rU and rS are the peak

responses for haloperidol decanoate obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP32)
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BRIEFING

Ketoprofen, USP 31 page 2490. Based on comments received, it
is proposed to revise the system suitability procedure by replacing
the reagent, 3-benzoylbenzoic acid, with a new Reference Standard,
USP Ketoprofen Related Compound D RS (3-acetylbenzophenone)
to make it similar to the Ketoprofen Capsules monograph, which will
be proposed in a future Pharmacopeial Forum. The USP Reference
standards section and the concentration of ketoprofen in the System
suitability solution have been revised accordingly. The relative
retention time for 3-acetylbenzophenone with respect to ketoprofen
and the resolution between the two components have also been
added; also the particle size of the column packing material has been
changed from 3 to 5 mm.

( MD-CCA: C. Anthony) RTS—C62952

Change to read:

USP Reference standards h11i—USP Ketoprofen RS.

&USP Ketoprofen Related Compound D RS.&1S (USP32)

Change to read:

Chromatographic purity—
pH 3.5 Buffer—Dissolve 68.0 g of monobasic potassium phos-

phate in 1000 mL of water, and adjust with phosphoric acid to a pH
of 3.5+ 0.05.
Mobile phase—Prepare a suitable filtered and degassed mixture of

water, acetonitrile, and pH 3.5 buffer (55 : 43 : 2). Make adjustments
if necessary (see System Suitability under Chromatography h621i).
System suitability solution—Prepare a solution in Mobile phase

containing about 0.01 mg

&5 mg&1S (USP32)
per mL of USP Ketoprofen RS and 0.005 mg

&1.5 mg&1S (USP32)
per mL of 3-benzoylbenzoic acid

&USP Ketoprofen Related Compound D RS.&1S (USP32)
[NOTE—Protect this solution from light.]
Standard solution—Dissolve an accurately weighed quantity of

USP Ketoprofen RS quantitatively in Mobile phase to obtain a
solution having a known concentration of about 0.002 mg per mL.
[NOTE—Protect this solution from light.]
Test solution—Transfer about 100 mg of Ketoprofen, accurately

weighed, to a 100-mL volumetric flask, dissolve in and dilute with
Mobile phase to volume, and mix. [NOTE—Protect this solution from
light.]
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 233-nm detector and a
4.6-mm 6 15-cm column that contains 3-mm

&5-mm&1S (USP32)
packing L1. The flow rate is about 1.0 mL per minute.
Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the relative retention times are
about 0.8 for 3-benzoylbenzoic acid

&1.6 for ketoprofen related compound D (3-acetylbenzophe-

none)&1S (USP32)
and 1.0 for ketoprofen; the resolution, R, between 3-benzoylbenzoic
acid

&ketoprofen related compound D&1S (USP32)
and ketoprofen is not less than 4

&7.0;&1S (USP32)
the column efficiency, determined from the ketoprofen peak, is not
less than 2250 theoretical plates; and the tailing factor for the
ketoprofen peak is not more than 2.0. Chromatograph the Standard
solution, and record the peak responses as directed for Procedure:
the relative standard deviation for replicate injections is not more
than 5%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph, run
the chromatograph for seven times the retention time for ketoprofen,
record the chromatograms, and measure the areas for the peaks.
Calculate the percentage of each impurity by the same formula:

10,000(C /W)(ri / rS)

in which C is the concentration, in mg per mL, of USP Ketoprofen
RS in the Standard solution; W is the weight, in mg, of Ketoprofen
taken to prepare the Test solution; ri is the response of each
individual peak, other than the main ketoprofen peak, obtained from
the Test solution; and rS is the response of the main ketoprofen peak
obtained from the Standard solution: not more than 0.2% of any
individual impurity is found, and the sum of all impurities found is
not more than 1.0%.

BRIEFING

Lamotrigine. Because there is no existing USP monograph for
this active drug substance, a new monograph is being proposed. The
HPLC test for the Limit of lamotrigine related compound B is based
on analyses performed using the Hypersil BDS C18 brand of L1
column, in which lamotrigine elutes at or near the solvent front, and
the typical retention time for lamotrigine related compound B is
about 6 minutes. The proposed methods in the test for Related
compounds and in the Assay are based on the analysis performed
using the Hypersil BDS C18 brand of L1 column, in which the
typical retention time for lamotrigine is about 3 minutes.

(MD-PP: R. Ravichandran) RTS—C44288

Add the following:

&Lamotrigine

C9H7Cl2N5 256.09

1,2,4-Triazine-3,5-diamine, 6-(2,3-dichlorophenyl).

3,5-Diamino-6-(2,3-dichlorophenyl)-as-triazine

[84057-84-1].
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» Lamotrigine contains not less than 98.0 percent

and not more than 102.0 percent of C9H7Cl2N5,

calculated on the dried basis.

Packaging and storage—Preserve in tight containers, and

store at room temperature.

USP Reference standards h11i—USP Lamotrigine RS. USP

Lamotrigine Related Compound B RS. USP Lamotrigine

Related Compound C RS. USP Lamotrigine Related Com-

pound D RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Loss on drying h731i—Dry it at 1058 for 3 hours: it loses not

more than 0.5% of its weight.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: 0.001%.

Limit of lamotrigine related compound B—[NOTE—Lamo-

trigine related compound B is 2,3-dichlorobenzoic acid.]

Diluent and Solution A—Proceed as directed in the Assay.

Mobile phase—Prepare a filtered and degassed mixture of

Solution A and acetonitrile (65 : 35). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Lamotrigine related compound B stock solution—Transfer

an accurately weighed quantity of USP Lamotrigine Related

Compound B RS to a suitable volumetric flask. Add 80% of

the flask volume of methanol, and acidify with 1% of the flask

volume of hydrochloric acid. Allow to cool, and dilute with

methanol to volume. Dilute this solution quantitatively with

Diluent to obtain a solution having a known concentration of

about 0.01 mg per mL of lamotrigine related compound B.

Resolution solution—Dilute a suitable volume of the

Lamotrigine related compound B stock solution with the

Standard preparation, prepared as directed in the Assay, to

obtain a solution having a concentration of about 1 mg per mL

of lamotrigine related compound B, and about 0.2 mg per mL

of lamotrigine.

Standard solution—Quantitatively dilute Lamotrigine

related compound B stock solution with Diluent to obtain a

final solution having a known concentration of about 5 mg per

mL.

Test solution—Use the Assay preparation.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. The column

temperature is maintained at 358. Chromatograph the

Resolution solution, and record the chromatogram as directed

for Procedure. Identify the peaks in the Resolution solution,

taking into account that lamotrigine is unretained eluting at or

near the solvent front: the tailing factor for lamotrigine related

compound B is not more than 2.0, and the relative standard

deviation is not more than 5.0% for lamotrigine related

compound B.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, and record the chromatograms for about

2 times the retention time of lamotrigine related compound B.

Measure the peak area of the lamotrigine related compound B

peak in the Test solution. Calculate the percentage of

lamotrigine related compound B in the portion of Lamotrigine

taken by the formula:

100(CS /CT)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Lamotrigine Related Compound B RS in the Standard

solution; CT is the concentration of Lamotrigine in the Test

solution; and rU and rS are the peak responses of lamotrigine

related compound B obtained from the Test solution and the

Standard solution, respectively: not more than 0.1% of

lamotrigine related compound B is found. [NOTE—Lamotri-

gine related compound D, if present, will elute at a retention
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Black plate (619,1)

relative to lamotrigine related compound B of about 1.5.

Disregard this peak as it is quantified in the Related

compounds test.]

Related compounds—

Diluent, Buffer, Solution A, Solution B, Mobile phase—

Prepare as directed in the Assay.

Impurities stock solution—Weigh suitable quantities of

USP Lamotrigine Related Compound C RS and USP

Lamotrigine Related Compound D RS, and transfer to a

suitable volumetric flask. Add an amount of methanol equal

to 80% of the flask volume, and acidify with 1% of the flask

volume of hydrochloric acid. Allow to cool. Dilute with

methanol to volume to obtain a final concentration of about

0.1 mg per mL of each.

System suitability solution—Dilute a suitable volume of the

Impurities stock solution with the Standard preparation,

prepared as directed in the Assay, to obtain a final solution

having a concentration of about 0.5 mg per mL each of

lamotrigine related compound C, lamotrigine related com-

pound D, and 0.2 mg per mL of lamotrigine.

Test solution—Use the Assay preparation.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the System

suitability solution, record the peak responses as directed for

Procedure. Identify the peaks due to lamotrigine, lamotrigine

related compound C, and lamotrigine related compound D,

using the relative retention times from Table 1: the resolution

between lamotrigine and lamotrigine related compound C is

not less than 2.0.

Procedure—Inject about 10 mL of Diluent and the Test

solution into the chromatograph, record the chromatogram,

and measure the peak responses. Calculate the percentage of

each impurity using the formula:

100(1/F)(rI / rU)

in which rI is the response for each impurity peak in the Test

solution; rU is the response for Lamotrigine in the Test

solution; and F is the relative response factor for the

corresponding impurity given in Table 1. [NOTE—Disregard

any peak that may be present in the chromatogram of the

Diluent injection. Disregard any peak due to lamotrigine

related compound B, as it is quantified in the Limit of

lamotrigine related compound B test.]

Table 1

Identification

Relative

Retention

Time

Relative

Response

Factor (F)

Limit

(%)

Lamotrigine 1.0 1.0 —

Lamotrigine related

compound C1

1.5 1.0 0.1

Lamotrigine related

compound B*2

3.2 — —

Lamotrigine related

compound D3

3.7 0.8 0.2

Any individual unspeci-

fied impurity

— 1.0 0.1

Total impurities, exclud-

ing lamotrigine

related compound B

— — 0.2

1 3-Amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-5(4H)-one.
2 2,3-Dichlorobenzoic acid.
3 N-[5-Amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-3-yl]-2,3-dichlor-
obenzamide.
* Lamotrigine related compound B is included only for identifica-
tion.

Assay—

Diluent—Carefully dilute approximately 17 mL of hydro-

chloric acid with water to 2000 mL.

Buffer—Dissolve 5.4+ 0.5 g of monobasic potassium

phosphate in 2 L of water.

Solution A—Prepare a mixture of Buffer and triethylamine

(150 : 1), and adjust with phosphoric acid to a pH of 2.0.

Solution B: acetonitrile.
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Black plate (620,1)

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Weigh a suitable quantity of USP

Lamotrigine RS, and transfer to a suitable volumetric flask.

Dissolve in 5% of the flask volume of methanol. Dilute with

Diluent to volume to obtain a solution having a known

concentration of about 0.2 mg per mL.

Assay preparation—Transfer 20 mg, accurately weighed, of

Lamotrigine to a 100-mL volumetric flask. Dissolve in 5 mL

of methanol, and dilute with Diluent to volume to obtain a

solution having a nominal concentration of about 0.2 mg per

mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 270-nm detector

and a 4.6-mm 615-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. The column

temperature is maintained at 358. The chromatograph is

programmed as follows.

Time

(minutes)

Solvent A

(%)

Solvent B

(%) Elution

0–4 76.5 23.5 isocratic

4–14 76.5?20 23.5?80 linear gradient

14–15 20?76.5 80?23.5 linear gradient

15–19 76.5 23.5 re-equilibration

Chromatograph about 10 mL of the Standard preparation, and

record the peak responses as directed for Procedure: the

tailing factor for lamotrigine is not more than 1.5; and the

relative standard deviation for replicate injections is not more

than 1.5%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the lamotrigine peak. Calculate the

percentage of C9H7Cl2N5 in the portion of Lamotrigine

taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Lamotrigine RS in the Standard preparation; CU is the

concentration, in mg per mL of Lamotrigine in the Assay

preparation; and rU and rS are the lamotrigine peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.&1S (USP32)

BRIEFING

Levonorgestrel, USP 31 page 2521. On the basis of comments
received and the supporting data, it is proposed to replace USP
Norgestrel RS with USP Levonorgestrel RS in the monograph. The
reference standard is used for the IR-based Identification test A,
Chromatographic purity, and Assay tests.

(MD-PS: D. Bempong; H. Ramanathan) RTS—C62474

Change to read:

USP Reference standards h11i—USP Norgestrel RS
&USP Levonorgestrel RS&1S (USP32)

Change to read:

Chromatographic purity—Proceed as directed in the test for
Chromatographic purity under Norgestrel,

&using USP Levonorgestrel RS in place of USP Norgestrel

RS.&1S (USP32)
The requirements of the test are met if the sum of the impurities in
the Test preparation does not exceed 2.0% and no single impurity is
greater than 0.5%.

Change to read:

Assay—Using USP Norgestrel RS

&USP Levonorgestrel RS,&1S (USP32)
proceed with Levonorgestrel

&

&1S (USP32)
as directed in the Assay under Norgestrel, except to read
‘‘Levonorgestrel’’ in place of ‘‘Norgestrel.’’
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Black plate (621,1)

BRIEFING

Lipid Injectable Emulsion, page 416 of PF 31(2) [Mar.–Apr.
2005]. On the basis of comments received and discussions by the
Parenteral Product—Industrial Expert Committee, the following
changes are being proposed:
1. The range of glycerin stated in the monograph was revised to

read 1.7 percent to 2.5 percent w/v of glycerin to include the
level of glycerin in commercially available 30% Injectable
Lipid Emulsion.

2. Text was clarified to state that the product contains less than 90
percent and not more than 110 percent of the labeled amount of
the total oil(s).

3. The test for Limit of free fatty acid was revised to express the
limit as ‘‘not more than 0.07 mEq of free fatty acids per g of oil
is found’’.

Other editorial changes were made to clarify the content of the
monograph and improve readability.

(PPI: D. Hunt) RTS—C61322

Add the following:

&Lipid Injectable Emulsion

Change to read:

» Lipid Injectable Emulsion is a sterile 10 percent,

20 percent, or 30 percent w/v oil-in water emulsion

in a vehicle containing glycerol in Water for

Injection. The oils are Soybean Oil, Safflower

Oil, Olive Oil, Medium-Chain Triglycerides, or

other suitable nutritional oils, or a mixture of these

oils. It contains not less than 90.0 percent and not

more than 110.0 percent of the labeled amount of

the oil. It contains no antimicrobial agents. It

contains Egg Phospholipids as an emulsifying

agent. Lipid Injectable Emulsion used in total

parenteral nutrition is a sterile 10 percent (0.10 g

per mL), 20 percent (0.20 g per mL), or 30 (0.30 g

per mL) percent w/v emulsion in &an aque-

ous& 1S (USP32 ) vehicle. The vehicle&aqueous

phase&1S (USP32) contains 2.25 percent to 2.5 percent

w/v Glycerin and 0.6 percent 0.74&0.6&1S (USP32)

percent to 1.8 percent w/v parenteral Egg Phos-

pholipids in Water for Injection &and contains, if

necessary, an osmotic agent, such as glycerin in

amounts of 1.7 percent to 2.5 percent w/v, or a

suitable stabilizer, such as a fatty acid salt.&1S (USP32)

The principal oil used&most frequently used oil

present&1S (USP32) is soybean oil, which provides an

ample supply of the essential fatty acids: linoleic

acid and linolenic acid. Other oils, such as

safflower oil, medium-chain triglycerides, olive

oil, fish oil, Containing Omega-3 Acids, or other

suitable oils, can be mixed with soybean oil.

Hence, soybean oil can be the only oil or be part of

a mixture containing of these other oils. It contains

not less than 90.0 percent and not more than 110.0

percent of the labeled amount of each of the defined

oils&the total oil(s).&1S (USP32) It contains no antimi-

crobial agents. The final products are terminally

sterilized.

Packaging and storage—Preserve in a single-dose, glass

container or glass Pharmacy Bulk Package (see Injections

h1i). Use elastomeric closures that are compatible with both

the oil and water phases of the Emulsion. Store at controlled

room temperature, and protect from freezing.Preserve in a

single-dose, Type I or Type II glass container or glass

Preserve in an appropriate container (see Injections h1i). Use

elastomeric closures that are compatible with both the oil and

water phases of the Emulsion. Store at a temperature not

below 48 (protect from freezing) or above 308 (protect from

excessive heat).

Labeling—The label states the identity and the quantities of

the specific oils in the Emulsion. The label states the total

osmolal osmolar concentration (or osmolarity) in mOsmol

mOsm per kg. L. The labeling provides the following

information: do not use if there is evidence of excessive
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Black plate (622,1)

creaming or aggregation, if excessive free oil droplets are

visible, or if there are other forms of phase separation

indicating that the stability of the product has been

compromised are other indications of compromised integrity,

such as microbial growth, present in the product.

USP Reference standards h11i—USP Endotoxin RS. USP

Particle Count RS.

Fatty acid composition—Transfer a volume of the Emul-

sion, equivalent to about 200 mg of lipids, to a stoppered

extraction vessel, add 10 mL of ether, and mix. Add 5 g of

anhydrous sodium sulfate, mix, and allow the mixture to

stand until separation of the layers is complete. Wet the

packing of a chromatographic silica cartridge with a few mL

of ether, transfer about 5 mL of the ether layer from the

extraction vessel to the column reservoir, and elute at a rate of

between 5 and 10 drops per minute into a suitable vessel.

Evaporate the ether from the eluant, and dissolve the residue

in 5.0 mL of toluene. Transfer 1.0 mL of the toluene solution

to a reaction vial, and add 0.4 mL of (m-trifluoromethylphe-

nyl) trimethylammonium hydroxide in methanol. Cover, mix,

and allow to stand for 30 minutes. Inject about 1 mL of this

solution into a gas ionization detector and gas chromatograph

equipped with a 0.53-mm 6 50-m wide-bore, fused-silica

capillary column coated with a 2.0-mm thickness of liquid

phase G16 and maintained at a temperature of 2008. Helium

is used as the carrier gas at a flow rate of about 10 mL per

minute. Measure the five main peak areas of the methyl esters

of the fatty acids. The order of elution is palmitate, stearate,

oleate, linoleate, and linolenate: their The relative peak areas

expressed as a percentage of the five main peaks are in the

known ranges for the oils or mixtures of oils oil (e.g.,

Soybean Oil, USP; Safflower Oil, USP) as specified on the

label. For oil mixtures, analysis of each oil should be

performed to identify known peaks prior to emulsification as

specified on the label.

Bacterial endotoxins h85i—It contains not more than 0.5

USP Endotoxin Unit per mL.

pH h791i: between 6.0 and 9.0.

Globule size limits—Lipid Injectable Emulsion meets the

requirements of the limits specified in both Method I and

Method II as directed under Globule Size Distribution in Lipid

Injectable Emulsions h729i.

Limit of oil droplet mean diameters (see Method I—Light

Scattering Method under Globule Size Distribution in Lipid

Injectable Emulsions h729i)—Using the method of light

scattering, determine the mean droplet diameter (MDD): the

sample meets the requirements. The intensity-weighted mean

droplet diameter (MDD) for Lipid Injectable Emulsion must

be 5500 nm, or 0.5 mm, irrespective of the concentration of

the dispersed lipid phase.

Limit of large globule volume-diameter (see Method II—

Light Obscuration or Extinction Method under Globule Size

Distribution in Lipid Injectable Emulsions h729i)—Using the

method of light obscuration, determine the size distribution of

globules in the large-diameter tail of the dispersion (detection

threshold �2.0 mm). Calculate the volume-weighted mass of

lipid in the form of globules with diameters in excess of 5.0

mm per 100 mL of Emulsion. This mass does not exceed

0.05% of the dispersed phase that is 45.0 mm from the

nominal lipid concentration stated on the label. The volume-

weighted, large-diameter fat globule limits of the dispersed

phase, expressed as the percentage of fat residing in globules

larger than 5 mm (PFAT5) for a given lipid injectable

emulsion, is not to exceed 0.05%.

Particulate matter h788i: meets the requirements for

Large-Volume Injections for single-dose infusion.

Change to read:

Limit of free fatty acid—

Solvent—Prepare a mixture of heptane, isopropanol, and

water (400 : 400 : 200) in a separatory funnel. Allow the

phases to separate, and discard the lower phase. Filter the

upper phase (heptane solution) through 40 g of anhydrous

sodium sulfate. Store in a tightly capped glass container, and

use within 1 week.
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Black plate (623,1)

Chromatographic column—Prepare a slurry of heptane and

chromatographic silica gel having an average pore size of

6 nm, and activate at a temperature of 1108 for not less than

1 hour prior to use. Transfer the slurry to a 2.3-cm

chromatographic tube (see Column Chromatography under

Chromatography h621i), and pack to a bed height of between

5 cm and 6 cm. Wash the column with about 40 mL of

heptane, and drain the heptane through the column to a level

of about 0.5 cm above the silica gel bed.

Procedure—Transfer 20.0 mL of the Emulsion to a flask,

freeze, and lyophilize. Dissolve the residue in 3 mL 30 mL of

Solvent, and transfer the solution to the column. Rinse the

flask with three 30-mL portions of Solvent, and transfer the

washings to the column, allowing each rinsing to drain to the

top of the column bed before applying the next rinse. Collect

a total of 120 mL of effluent. Add 10 drops of phenolphtha-

lein TS to the effluent, bubble nitrogen through the solution,

and titrate with 0.02N alcoholic potassium hydroxide VS

until the solution remains pale pink after mixing for 10

seconds. Titrate a blank using 120 mL of Solvent. Calculate

the quantity, in mEq, of free fatty acids in the portion of

Emulsion taken by the formula: &per g of oil in the Emulsion

using the formula:&1S (USP32)

(VU – VB)N / 20C

in which VU is the volume, in mL, of 0.02N alcoholic

potassium hydroxide consumed by the eluant; VB is the

volume, in mL, of 0.02N alcoholic potassium hydroxide

consumed by the blank; N is the normality of the 0.02N

alcoholic potassium hydroxide; and C is the labeled

concentration, in g per mL, of the sum of the individual

&total oil(s)&1S (USP32) in the emulsion: not more than 0.07 mEq

of free fatty acids per mL g of Emulsion &oil&1S (USP32) is

found.

Other requirements—It meets the requirements under

Injections h1i.

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

isopropanol, ethyl acetate, and glacial acetic acid

(179 : 20 : 1).

Standard preparation—Dissolve an accurately weighed

portion of soybean oil (or other relevant oils used in the

Emulsion) in Mobile phase to obtain a solution having a

known concentration of about 8 mg per mL.

Assay preparation—Transfer an accurately measured por-

tion of Emulsion, equivalent to about 800 mg of oil, to a

suitable container, and freeze-dry. Dissolve the residue in

Mobile phase, and quantitatively transfer to a 100-mL

volumetric flask with the aid of additional portions of

Mobile phase. Dilute with Mobile phase to volume, and

mix to obtain a solution containing about 8 mg of oil per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive index

detector and a 4.6-mm 4.1-mm 6 25-cm column that

contains packing L21. The flow rate is about 1 mL per

minute, adjusted so that the peak due to oil elutes at about 6.5

minutes. Chromatograph the Standard preparation, and

record the peak responses as directed for Procedure: the

capacity factor, k’, is not less than 1.0; the tailing factor for the

oil peak is not more than 2.5; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak responses. Calculate the quantity, in mg, of oil in the

portion of Emulsion taken by the formula:

100C(rU / rS)

in which C is the concentration, in mg per mL, of Soybean

Oil in the Standard preparation; and rU and rS are the peak

responses obtained from the Assay preparation and the

Standard preparation, respectively in which C is the

concentration, in mg per mL, of soybean oil or other relevant

oils used in the Emulsion in the Standard preparation; and rU
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and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP31)

BRIEFING

Loratadine Orally Disintegrating Tablets. Because there is no
existing USP monograph for this product, a new monograph is
proposed. The proposed liquid chromatographic procedures in the
test for Related compounds and in the Assay are based on analyses
performed with the Inertsil ODS3 brand of L1 column. The typical
retention time for loratadine is about 6.6 minutes.

(MD-PS: D. Bempong; BPC: M. Marques) RTS—C54641

Add the following:

&Loratadine Orally Disintegrating
Tablets

» Loratadine Orally Disintegrating Tablets contain

not less than 95.0 percent and not more than 105.0

percent of the labeled amount of loratadine

(C22H23ClN2O2).

Packaging and storage—Preserve in tight containers. Store

between 208 and 258 in a dry place.

USP Reference standards h11i—USP Loratadine RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Standard solution: 2.5 mg per mL, in methanol.

Test solution—Transfer a portion of finely powdered

Tablets, equivalent to about 25 mg of loratadine into a

10-mL volumetric flask, add about 8 mL of methanol, stir for

about 20 minutes, and dilute with methanol to volume.

Centrifuge the sample, and use the clear solution for analysis.

Application volume: 10 mL.

Developing solvent system: a mixture of chloroform,

methanol, and ammonium hydroxide (95 : 5 : 1).

Procedure—Proceed as directed in the chapter. Allow the

plate to air-dry. Examine under UV light at around 254 nm:

the RF value of the principal spot obtained from the Test

solution corresponds to that obtained from the Standard

solution.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Disintegration h701i—

STAGE 1—All 6 Tablets completely disintegrate in 1 minute.

STAGE 2—Not less than 16 of 18 Tablets completely

disintegrate in 1 minute.

Dissolution h711i—

Medium: simulated gastric fluid without enzymes; 900

mL, deaerated.

Apparatus 1: 50 rpm.

Time: 6 minutes.

Standard solution—Transfer about 22.22 mg, accurately

weighed, of USP Loratadine RS to a 100-mL volumetric

flask, dissolve in and dilute with Medium to volume. Transfer

5.0 mL of this solution to a 100-mL volumetric flask, and

dilute with Medium to volume.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Procedure— Determine the amount of loratadine dissolved

by employing UV absorption at the wavelength of maximum

absorbance at about 278 nm on portions of the Test solution in

comparison with the Standard solution using a 1-cm cell and

Medium as the blank. Calculate the amount of loratadine

dissolved by the formula:
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in which AU and AS are the absorbances obtained with the Test

solution and the Standard solution, respectively; CS is the

concentration, in mg per mL, of loratadine in the Standard

solution; 900 is the volume, in mL, of Medium; 100 is the

conversion factor to percentage; and L is the Tablet label

claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of loratadine is dissolved in 6 minutes.

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Buffer solution, Mobile phase, and Diluent—Proceed as

directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Loratadine RS in Mobile phase, and dilute

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution having a known concentration of about

0.5 mg per mL.

System sensitivity solution—Transfer 5 mL of the Standard

solution into a 50-mL volumetric flask, dilute with Mobile

phase to volume, and mix.

Test solution—Transfer 10 Tablets into a 500-mL volumet-

ric flask, add 400 mL of acetonitrile, and stir for about 10

minutes. Sonicate the solution for 10 minutes, and stir for

another 10 minutes. Dilute with acetonitrile to volume, and

mix. Dilute an aliquot of the resulting solution with Diluent to

obtain a solution having a concentration of about 0.1 mg per

mL, based on the label claim. Centrifuge the solution at 3000

rpm for about 10 minutes, and use the supernatant.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the System sensitivity solution, and record the peak responses

as directed for Procedure: calculate the signal-to-noise ratio

(S/N) for the loratadine peak by the formula:

(2H)/ h

in which H is the measured height of the peak; and h is the

amplitude of the average measured baseline noise: the signal-

to-noise ratio is not less than 10. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the column efficiency is not less than 3000

theoretical plates; the tailing factor is not more than 2.0 for

loratadine; and the relative standard deviation for replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the amount of each impurity in the

portion of Tablets taken, as a percentage of the label claim, by

the formula:

100(1/F)(CS /CT)(ri / rS)

in which F is the relative response factor (F is 0.64 for the

specified impurity 8-chloro-5, 6-dihydro-11H-benzo-[5,6]-

cyclohepta-[1,2-b]-pyridin-11-one, the impurity with relative

retention time of about 0.5 and F is 1.0 for any unspecified

impurity); CS is the concentration, in mg per mL, of loratadine

in the Standard solution; CT is the concentration, in mg per

mL, of loratadine in the Test solution, based on the label

claim; ri is the peak response of the individual impurity in the

Test solution; and rS is the peak response for loratadine in the

Standard solution: not more than 0.2% of the impurity 8-

chloro-5, 6-dihydro-11H-benzo-[5,6]-cyclohepta-[1,2-b]-pyr-

idin-11-one is found; not more than 0.1% of any unspecified

impurity is found; and not more than 0.3% of total impurities

is found.

Assay—

Buffer solution—Dissolve 2.72 g of monobasic potassium

phosphate in 1 L of water. Adjust with 5N sodium hydroxide

solution to a pH of 6.50+ 0.05, and filter.

Mobile phase—Prepare a degassed mixture of acetonitrile

and Buffer solution (70 : 30). Make adjustments if necessary

(see System Suitability under Chromatography h621i).
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Diluent—Prepare a mixture of Buffer solution and aceto-

nitrile (60 : 40).

Standard preparation—Dissolve an accurately weighed

quantity of USP Loratadine RS in Mobile phase, and dilute

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution having a known concentration of about

0.1 mg per mL.

Assay preparation—Transfer 10 Tablets into a 500-mL

volumetric flask, add about 400 mL of acetonitrile, and stir

for about 10 minutes. Sonicate the solution for 10 minutes,

and stir for another 10 minutes. Dilute with acetonitrile to

volume, and mix. Dilute an aliquot of the resulting solution

with Diluent to obtain a solution having a concentration of

about 0.1 mg per mL, based on the label claim. Pass a portion

of this solution through a 0.45-mm PVDF filter, and discard

the first 5 mL of filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is not less than

3000 theoretical plates; the tailing factor is not more than 2.0;

and the relative standard deviation for replicate injections is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the loratadine peaks. Calculate the

percentage of the labeled amount of loratadine

(C22H23ClN2O2) in the portion of Tablets taken by the

formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of loratadine

in the Standard preparation; CU is the concentration, in mg

per mL, of loratadine in the Assay preparation, based on the

label claim; and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&1S (USP32)

BRIEFING

Losartan Potassium, USP 31, page 2554. It is proposed to delete
the Limit of cyclohexane and isopropyl alcohol test because the
limits for these two solvents are well below the acceptable (per ICH)
limits. The limit for cyclohexane, which is a class II solvent, is
acceptable up to 0.38% without justification, and isopropyl alcohol,
which is a class III solvent, is acceptable without justification up to
to 0.5% (see Organic Volatile Impurities h467i).

(MD-CV: S. Ramakrishna) RTS—C62907

Delete the following:

&Limit of cyclohexane and isopropyl alcohol—
Standard solution—Accurately prepare a solution having a known

concentration of about 0.05 mg per mL of cyclohexane and 0.05 mg
per mL of isopropyl alcohol in dimethylformamide.
Test solution—Transfer 500 mg of Losartan Potassium to a 10-mL

volumetric flask that contains 5 mL of dimethylformamide, dissolve
using a vortex mixer, dilute with dimethylformamide to volume, and
mix.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and
contains a 0.53-mm6 30-m column containing packing G27 of 1.5-
mm film thickness. The carrier gas is helium, flowing at a rate of
about 6 mL per minute. The chromatograph is programmed as
follows. Initially the column is maintained at 508 for 5 minutes, then
the temperature is increased at a rate of 308 per minute to 2008 and
maintained at 2008 for 5 minutes. The injection port and detector
block temperatures are each maintained at 2208. Chromatograph the
Standard solution, and record the peak responses as directed for
Procedure: the retention times are about 2 minutes for isopropyl
alcohol and 4 minutes for cyclohexane; the resolution, R, between
cyclohexane and isopropyl alcohol is not less than 4.0; and the
relative standard deviation for replicate injections is not more than
8.0%.
Procedure—Inject equal volumes (about 1 mL) of the Test solution

and the Standard solution into the gas chromatograph, record the
chromatograms, and measure the responses for the major peaks.
Calculate the percentages of cyclohexane and isopropyl alcohol
taken by the formula:

100(C/I)(rU / rS)

in which C is the concentration, in mg per mL, of cyclohexane or
isopropyl alcohol in the Standard solution; I is the concentration, in
mg per mL, of Losartan in the Test solution; and rU and rS are the
responses of cyclohexane or isopropyl alcohol in the Test solution
and the Standard solution, respectively: not more than 0.1% of
cyclohexane and not more than 0.2% of isopropyl alcohol is
found.&1S (USP32)
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BRIEFING

Mafenide Acetate for Topical Solution, USP 31 page 2562. It is
proposed to provide appropriate acceptance criteria for the Content
of acetic acid analysis. Additionally, the Standard solution
preparation is being modified to add the Internal standard solution
and oxalic acid, in order to be consistent with the Test solution
preparation for this test.

(MD-AA: B. Davani, M. Puderbaugh) RTS—C60703

Change to read:

Content of acetic acid—
Internal standard solution—Dissolve 0.5 mL of propionic acid in

100.0 mL of water.
Standard solution—Transfer about 50 mL of water to a 100-mL

volumetric flask, insert a stopper, and weigh. Add 0.5 mL of glacial
acetic acid to the flask, insert the stopper, weigh, and calculate, by
difference, the amount of acetic acid added. Dilute with water to
volume, and mix.

&Add 10.0 mL of this solution and 10.0 mL of Internal

standard solution to a 100-mL volumetric flask containing

200 mg of oxalic acid. Dilute with water to volume, and mix

to obtain a final solution having a concentration of about 530

mg of acetic acid per mL.&1S (USP32)
Test solution—Constitute the Topical Solution as directed in the

labeling. Transfer an accurately measured volume of the constituted
Topical Solution, equivalent to about 200 mg of mafenide acetate, to
a 100-mL volumetric flask containing 200 mg of oxalic acid. Pipet
10.0 mL of Internal standard solution into the flask, dilute with
water to volume, and mix.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and a
0.25-mm 6 60-m fused-silica capillary column coated with a
0.5-mm layer of acid-deactivated phase G35. The carrier gas is
helium, flowing at a rate of 40 cm per second. The column
temperature is programmed as follows. It is maintained at 1508 for
11 minutes; then increased at a rate of 258 per minute to 2408;
maintained for 10 minutes; then decreased at a rate of 258 per minute
to 1508; and maintained for 1 minute prior to the next injection. The
detector and the injection port temperatures are maintained at 2508.
Chromatograph the Standard solution, and record the peak responses
as directed for Procedure: the resolution, R, between acetic acid and
propionic acid is not less than 3.0; and the relative standard deviation
of the peak response ratios for replicate injections is not more than
6.0%.
Procedure—Separately inject equal volumes (about 1 mL) of the

Test solution and the Standard solution into the chromatograph,
record the chromatograms, and measure the responses for all the
peaks. Calculate the quantity, in mg, of acetic acid in the portion of
the constituted Topical Solution taken by the formula:

200C(RU /RS)

in which C is the concentration, in mg per mL, of acetic acid in the
Standard solution; and RU and RS are the peak response ratios of
acetic acid to propionic acid obtained from the Test solution and the
Standard solution, respectively:

&between 22.0% and 26.8% of acetic acid is found.&1S (USP32)

BRIEFING

Meclocycline Sulfosalicylate, USP 31 page 2598. On the basis of
comments received, it is proposed to revise the Standard preparation
and the Assay preparation in the Assay. There is data to indicate that
although meclocycline sulfosalicylate is stable in methanol, solutions
prepared in Mobile phase must be used immediately. The calculation
formula was revised to the format recommended in the Stimuli article
on page 626 of PF 31(2) [Mar.–Apr. 2005]. Editorial style changes
were made to the text of the monograph.

(MD-ANT: A. Wise) RTS—C48769

Change to read:

Assay—
0.001M Ammonium edetate—Transfer 293 mg of edetic acid,

accurately weighed, to a 1000-mL volumetric flask, add 1 mL of
methanol and 7 mL of ammonium hydroxide, and shake to dissolve
the edetic acid. Add 900 mL of water, adjust with glacial acetic acid
to a pH of 6.6, dilute with water to volume, and mix.
Mobile phase—Prepare a solution of 0.001M Ammonium edetate

&mixture of 0.001M Ammonium edetate&1S (USP32)
and tetrahydrofuran (85 : 15). Filter and degas the solution before
use.

&Stock standard preparation—Dissolve an accurately

weighed quantity of USP Meclocycline Sulfosalicylate RS

in methanol to obtain a solution having a known concentra-

tion of about 0.5 mg of meclocycline per mL. &1S (USP32)
Standard preparation—Transfer 36 mg of USP Meclocycline

Sulfosalicylate RS, accurately weighed, to a 50-mL volumetric flask,
dilute with methanol to volume, and mix. Transfer 3.0 mL of this
solution to a 25-mL volumetric flask, dilute with Mobile phase to
volume, and mix to obtain a solution having a known concentration
of about 60 mg of meclocycline per mL.

&Immediately prior to injection, dilute the Stock standard

preparation quantitatively, and stepwise if necessary, with

Mobile phase to obtain a solution having a known

concentration of about 60 mg of meclocycline per mL.

Stock Assay preparation—Transfer 36 mg of Meclocycline

Sulfosalicylate, accurately weighed, to a 50-mL volumetric

flask, dilute with methanol to volume, and mix.&1S (USP32)
Assay preparation—Using 36 mg of Meclocycline Sulfosalicylate,

accurately weighed, prepareas directed for Standard preparation.

&Immediately prior to injection, transfer 3.0 mL of the Stock

Assay preparation to a 25-mL volumetric flask, dilute with

Mobile phase to volume, and mix to obtain a solution having

a nominal concentration of about 60 mg of meclocycline per

mL.

Chromatographic system—The liquid chromatograph is

equipped with a 340-nm detector and a 4-mm 6 25-cm

column that contains packing L1. The flow rate is about 0.8
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mL per minute. Chromatograph the Standard preparation,

and record the peak responses as directed for Procedure: the

relative standard deviation of the meclocyline peak for

replicate injections is not more than 3.0%.&1S (USP32)
Procedure—Introduce equal volumes (about 10 mL) of the Assay

preparation and the Standard preparation into a high-pressure liquid
chromatograph (see Chromatography h621i), operated at room
temperature, by means of a suitable microsyringe or sampling valve,
adjusting the specimen size and other operating parameters such that
the peak obtained from the Standard preparation is about 0.6 full-
scale. Typically, the apparatus is fitted with a 25-cm 6 4-mm
column packed with packing L1 and is equipped with an UV
detector capable of monitoring absorption at 340 nm, and a suitable
recorder. In a suitable chromatogram the coefficient of variation for
replicate injections of the Standard preparation is not more than
3.0%. Measure the peak responses at equivalent retention times,
obtained from the Assay preparation and the Standard preparation,
and calculate the quantity, in mg, of C22H21ClN2O8 in the portion of
Meclocycline Sulfosalicylate taken by the formula:

(1.25 / 3)(C)(rU / rS)

in which C is the equivalent, in mg per mL, of meclocycline from the
USP Meclocycline Sulfosalicylate RS in the Standard preparation;
and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively.

&Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, and measure the responses for the meclocy-

cline peak. Calculate the quantity in mg of C22H21ClN2O8 in

each mg of Meclocycline Sulfosalicylate taken by the

formula:

(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of

meclocycline in the Standard preparation; CU is the

concentration, in mg per mL, of meclocycline sulfosalicylate

in the Assay preparation; and rU and rS are the peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.&1S (USP32)

BRIEFING

Meclocycline Sulfosalicylate Cream, USP 31 page 2598. On the
basis of comments received, it is proposed to revise the Standard
preparation and the Assay preparation in the Assay. There is data to
indicate that, although meclocycline sulfosalicylate is stable in
methanol, solutions prepared in Mobile phase must be used
immediately. It is also proposed to revise the calculation formula
to conform to the format recommended in the Stimuli article on page
626 of PF 31(2) [Mar.–Apr. 2005]. In addition, editorial style
changes are made in which cross references to the drug substance are
replaced by a complete detailed procedure.

(MD-ANT: A. Wise) RTS—C49101

Change to read:

Assay—
Mobile phase—Prepare as directed in the Assay under Meclocy-

cline Sulfosalicylate.

&0.001M Ammonium edetate—Transfer 293 mg of edetic

acid, accurately weighed, to a 1000-mL volumetric flask, add

1 mL of methanol and 7 mL of ammonium hydroxide, and

shake to dissolve the edetic acid. Add 900 mL of water, adjust

with glacial acetic acid to a pH of 6.6, dilute with water to

volume, and mix.

Mobile phase—Prepare a mixture of 0.001M Ammonium

edetate and tetrahydrofuran (85 : 15). Filter and degas the

solution before use.

Standard stock preparation—Dissolve an accurately

weighed quantity of USP Meclocycline Sulfosalicylate RS

in methanol to obtain a solution having a known concentra-

tion of about 0.5 mg of meclocycline per mL.&1S (USP32)
Standard preparation—Transfer 36 mg of USP Meclocycline

Sulfosalicylate RS, accurately weighed, to a 50-mL volumetric flask,
dilute with methanol to volume, and mix. Transfer 2.0 mL of this
solution to a 100-mL volumetric flask, dilute with Mobile phase to
volume, and mix to obtain a solution having a known concentration
of about 10 mg of meclocycline per mL.

&Immediately prior to injection, dilute the Standard stock

preparation quantitatively, and stepwise if necessary, with

Mobile phase, to obtain a solution having a known

concentration of about 10 mg of meclocycline per mL.

Assay stock preparation—Transfer an accurately weighed

quantity of Cream, equivalent to about 5 mg of meclocycline,

to a glass-stoppered, 50-mL centrifuge tube. Add 20 mL of

methanol and 20 mL of 0.025N sulfuric acid, and shake

vigorously for 15 minutes. Transfer the solution to a 50-mL
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volumetric flask, rinse the centrifuge tube with two 5-mL

portions of methanol, and add the rinsings to the flask. Dilute

with methanol to volume, and mix.&1S (USP32)
Assay preparation—Transfer an accurately weighed quantity of

Cream, equivalent to about 5 mg of meclocycline, to a glass-
stoppered, 50-mL centrifuge tube, add 20 mL of methanol and 20
mL of 0.025N sulfuric acid, and shake vigorously for 15 minutes.
Transfer the solution to a 50-mL volumetric flask, rinsing the
centrifuge tube with two 5-mL portions of methanol and adding the
rinsings to the flask, dilute with methanol to volume, and mix.
Centrifuge a portion of this solution for 5 minutes, transfer 5 mL of
the supernatant to a 50-mL volumetric flask, dilute with Mobile
phase to volume, mix, and filter.

&Centrifuge a portion of the Assay stock preparation for 5

minutes. Immediately prior to injection, transfer 5 mL of the

supernatant to a 50-mL volumetric flask, dilute with Mobile

phase to volume, mix, and filter to obtain a solution having a

nominal concentration of about 10 mg of meclocycline per

mL.

Chromatographic system—The liquid chromatograph is

equipped with a 340-nm detector and a 4-mm 6 25-cm

column that contains packing L1. The flow rate is about 0.8

mL per minute. Chromatograph the Standard preparation,

and record the peak responses as directed for Procedure: the

relative standard deviation of the meclocyline peak for

replicate injections is not more than 3.0%.&1S (USP32)
Procedure—Proceed as directed in the Assay under Meclocycline

Sulfosalicylate. Calculate the quantity, in mg, of meclocycline
(C22H21ClN2O8) in the portion of Cream taken by the formula:

0.5C(rU / rS)

in which C is the concentration, in mg per mL, of meclocycline in the
Standard preparation; and rU and rS are the peak responses obtained
from the Assay preparation and the Standard preparation,
respectively.

&Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, record the chromatograms, and measure the

responses for the meclocycline peak. Calculate the percent

label claim of C22H21ClN2O8 in the portion of Cream taken by

the formula:

(CS /CU)(rU / rS)(100)

in which CS is the concentration, in mg per mL, of

meclocycline in the Standard preparation; CU is the nominal

concentration, in mg per mL, of meclocycline in the Assay

preparation; and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&1S (USP32)

BRIEFING

Methacholine Chloride, USP 31 page 2646. On the basis of
comments received, it is proposed to revise the monograph as
follows:
1. Identification test A, which involves derivatization followed by

a melting range measurement, is being replaced with a more
specific IR identification.

2. Identification tests B and C are being deleted because they are
odor tests and therefore are of health and occupational safety
concern.

3. Identification test D is being renamed Identification test B.
4. The test for Melting range is being deleted. It was originally

included in the monograph because identification methods were
not specific enough. Inclusion of specific IR identification via
this proposal renders the Melting range test of no added value
for the public standard.

(MD-PP: R. Ravichandran) RTS—C51287

Change to read:

Identification—
A: Dissolve about 100 mg in about 2 mL of water on a watch

glass, and add 3 mL of platinic chloride TS: small rhombohedric
plates are formed, which melt between 2208 and 2258 (see Melting
Range or Temperature h741i) (distinction from acetylcholine
chloride, which forms needles radiating from a central point, and
from choline chloride, which forms no crystals).
B: To 1 mL of a solution (1 in 10) add 1 mL of alcohol and

1 mL of sulfuric acid, and heat gently: the odor of ethyl acetate is
perceptible.
C: To 5 mL of a solution (1 in 10) add 2 g of potassium

hydroxide and heat gently: the odor of trimethylamine is perceptible.
D: A solution (1 in 50) responds to the tests for Chloride h191i.
&A: Infrared Absorption h197Mi.

B: A solution (1 in 50) responds to the tests for Chloride

h191i.&1S (USP32)

Delete the following:

&Melting range h741i—Dissolve about 100 mg in 2 to 3 mL of
chloroform in a small beaker. Heat at 1108 for 1 hour. While the test
specimen is still hot, quickly powder the dry residue with a glass rod,
and transfer to a melting point tube in the usual manner. Determine
the melting range without delay. It melts between 1708 and
1738.&1S (USP32)
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Black plate (630,1)

BRIEFING

Methotrexate, USP 31 page 2662. On the basis of comments
received, it is proposed to introduce the limits for specified and
unspecified impurities in the test for Related compounds. In addition
to the previously suggested Spherisorb ODS1 brand of L1 column,
the LiChrosorb RP-18 brand of L1 column also was found suitable.
The typical retention time of the methotrexate peak is 7 to 9 minutes.

(MD-OOD: F. Mao) RTS—C54630

Change to read:

USP Reference standards h11i—USP Methotrexate RS.

&USP Methotrexate Related Compound B RS. USP Metho-

trexate Related Compound C RS. USP Methotrexate Related

Compound E RS.&1S (USP32)

Change to read:

Chromatographic purity

&Related compounds—&1S (USP32)
pH 6.0 Buffer solution, Mobile phase,

&and&1S (USP32)
System suitability solution and Chromatographic system

&

&1S (USP32)
—Proceed as directed in the Assay.
Standard preparation—Dissolve an accurately weighed quantity

of USP Methotrexate RS inMobile phase to obtain a solution having
a known concentration of about 5 mg per mL.

&Standard solution—Dissolve accurately weighed quan-

tities of USP Methotrexate RS, USP Methotrexate Related

Compound B RS, USP Methotrexate Related Compound C

RS, and USP Methotrexate Related Compound E RS in

Mobile phase to obtain a solution having known concentra-

tions of about 0.003 mg of each per mL.

Sensitivity solution—Transfer 1.0 mL of the Standard

solution to a 10-mL volumetric flask, and dilute with Mobile

phase to volume. [NOTE—The methotrexate in this solution is

0.03% relative to the amount of Methotrexate in the Test

solution.]&1S (USP32)
Test preparation

&solution&1S (USP32)
—Transfer about 100 mg of Methotrexate, accurately weighed, to a
100-mL volumetric flask, dissolve in Mobile phase, with the aid of
sonication or shaking if necessary, dilute with Mobile phase to
volume, and mix.

&Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. In addition, chromatograph

the Sensitivity solution, and record the peak responses as

directed for Procedure: the methotrexate peak should be

visible.&1S (USP32)

Procedure—[NOTE—Use peak areas where peak responses are
indicated.] Separately inject equal volumes (about 10 mL) of the
Standard preparation and the Test preparation into the chromato-
graph, and allow the Test preparation to elute for not less than three
times the retention time of methotrexate. Record the chromatograms,
and measure the peak responses. The sum of all of the peak
responses, other than that of methotrexate, is not more than four
times the methotrexate response from the Standard preparation
(2.0%), and no single peak response is greater than that of the
methotrexate response from the Standard preparation (0.5%).

&Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, and allow the Test solution to elute for not

less than three times the retention time of methotrexate.

Record the chromatograms, measure the peak areas, and

identify the components based on their relative retention

times: the relative retention times are about 0.52 for related

compound C, 0.59 for related compound B, 1.00 for

methotrexate, and 2.16 for related compound E. Calculate

the percentages of methotrexate related compound B and

methotrexate related compound C in the portion of Metho-

trexate taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of the

corresponding methotrexate related compound in the Stan-

dard solution; CU is the concentration, in mg per mL, of the

Test solution; and rU and rS are the peak areas of the

corresponding methotrexate related compound obtained from

the Test solution and the Standard solution, respectively: not

more than 0.3% of methotrexate related compound B is

found; and not more than 0.5% of methotrexate related

compound C is found. Calculate the percentages of 4-[[(2,4-

diaminopteridin-6-yl)methyl]methylamino]benzoic acid in

the portion of Methotrexate taken by the formula:
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Black plate (631,1)

100(325.33/343.56)(CS / CU)(rU / rS)

in which 325.33 and 343.56 are the molecular weights of

4-[[(2,4-diaminopteridin-6-yl)methyl]methylamino]benzoic

acid and USP Methotrexate Related Compound E RS,

respectively; CS is the concentration, in mg per mL, of

methotrexate related compound E in the Standard solution;

CU is the concentration, in mg per mL, of the Test solution;

and rU and rS are the peak areas of 4-[[(2,4-diaminopteridin-6-

yl)methyl]methylamino]benzoic acid obtained from the Test

solution and the Standard solution, respectively: not more

than 0.3% of 4-[[(2,4-diaminopteridin-6-yl)methyl]methyla-

mino]benzoic acid is found. [NOTE—USP Methotrexate

Related Compound E RS is 4-[[(2,4-diaminopteridin-6-

yl)methyl]methylamino]benzoic acid hemihydrochloride.]

Calculate the percentage of any unknown impurity in the

portion of Methotrexate taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of

methotrexate in the Standard solution; CU is the concentra-

tion, in mg per mL, of the Test solution; rU is the peak area of

unknown impurity obtained from the Test solution; and rS is

the peak area of methotrexate obtained from the Standard

solution: not more than 0.05% of any unknown impurity is

found; and not more than 0.5% of the total unknown

impurities is found. Disregard any peak with an area less than

the area of the methotrexate peak in the chromatogram

obtained from the Sensitivity solution.&1S (USP32)

BRIEFING

Metronidazole, USP 31 page 2702. On the basis of supporting
validation data, it is proposed to modernize this monograph with the
following changes:
1. Replace the nonspecific TLC method for Chromatographic

purity with a more selective HPLC method.
2. Replace the nonspecific titration method for the Assay with a

more selective HPLC method.
3. Eliminate the Melting range requirement, because the proposed

HPLC analyses combined with the other tests in the monograph
will adequately evaluate the identity and purity of Metronida-
zole.

4. Replace the Identification test for Ultraviolet absorption with
an analysis based on the Assay retention time, which is
orthogonal to the existing Identification test for Infrared
absorption.

5. Omit the solubility assessment for Non-basic substances, and
add the acceptance criteria for the analysis to the metronidazole
entry in the Description and Solubility section of the Reference
Tables chapter of the USP–NF.

6. Revise the Packaging and storage section to reflect the text
presented in the General Notices.

Both of the HPLC analyses are performed with a Waters
Symmetry C8 brand of L7 column.

(MD–AA: B. Davani; M. Puderbaugh) RTS—C58919

Change to read:

Packaging and storage—Preserve in well-closed, light-resistant
containers, . Store at 258, excursions permitted between 158 and 308

&and store at controlled room temperature.&1S (USP32)

Change to read:

USP Reference standards h11i—USP Metronidazole RS.

&USP Tinidazole Related Compound A RS&1S (USP32)

Change to read:

Identification—
A: Infrared Absorption h197Ki.
B: Ultraviolet Absorption h197Ui—
Solution: 20 mg per mL.
Medium: sulfuric acid in methanol (1 in 350).

&B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&1S (USP32)

Delete the following:

&Melting range h741i: between 1598 and 1638.&1S (USP32)

Delete the following:

&Non-basic substances—A 1-g portion dissolves completely in 10
mL of dilute hydrochloric acid (1 in 2).&1S (USP32)
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Delete the following:

&Chromatographic purity—Dissolve 100 mg of Metronidazole in
10.0 mL of acetone. Similarly prepare a Standard solution of USP
Metronidazole RS in acetone having a concentration of 3.0 mg per
mL. Dilute an aliquot of this Standard solution quantitatively and
stepwise with acetone to obtain a solution having a concentration of
30 mg per mL (diluted Standard solution). Apply separately 20-mL
portions of the test solution, the Standard solution, and the diluted
Standard solution to a suitable thin-layer chromatographic plate (see
Chromatography h621i) coated with a 0.25-mm layer of chromat-
ographic silica gel. Allow the spots to dry, and develop the
chromatogram in a solvent system consisting of a mixture of
chloroform, dehydrated alcohol, diethylamine, and water
(80 : 10 : 10 : 1) until the solvent front has moved about three-fourths
of the length of the plate. Remove the plate from the developing
chamber, mark the solvent front, and allow the solvent to evaporate.
Spray the plate with titanium trichloride (20% solution), heat at 1108
until the blue-gray color begins to disappear, and cool the plate.
[Caution—Use fast blue B salt spray with adequate ventilation,
avoid inhalation of vapors, and avoid contact with the skin] Spray
the plate with fast blue B salt solution (1 in 100), allow to stand for
3 minutes, and spray with a mixture of alcohol, water, and
ammonium hydroxide (50 : 30 : 20): the RF value of the principal
spot obtained from the test solution corresponds to that obtained
from the Standard solution, and no spot, other than the principal
spot, obtained from the test solution is larger or more intense than the
principal spot obtained from the diluted Standard solution.&1S (USP32)

Add the following:

&Related compounds—

Mobile phase—Prepare as directed in the Assay.

Standard solution—Dissolve suitable quantities of USP

Metronidazole RS and USP Tinidazole Related Compound A

RS in Mobile phase, to obtain a solution having a known

concentration of about 0.001 mg per mL of metronidazole

and about 0.002 mg per mL of tinidazole related compound

A.

Test solution—Dissolve an accurately weighed amount of

Metronidazole in Mobile phase to obtain a solution having a

known concentration of about 1.0 mg per mL.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the approximate relative retention times for

tinidazole related compound A and metronidazole are about

0.75 and 1.0, respectively. The resolution, R, between

tinidazole related compound A and metronidazole, is not

less than 2.0; the tailing factor is not more than 2.0 for the

metronidazole peak; and the relative standard deviation for

six replicate injections is not more than 6.0% for both

metronidazole and tinidazole related compound A peaks.

Procedure—Separately inject equal volumes (about 30 mL)

of the Standard solution and the Test solution into the

chromatograph; record the chromatograms for approximately

30 minutes; and measure the peak responses. Calculate the

percentage of tinidazole related compound A in the portion of

Metronidazole taken by the formula:

100 (CS /CU)(rI / rS)

in which CS is the concentration, in mg per mL, of USP

Tinidazole Related Compound A RS in the Standard

solution; CU is the concentration, in mg per mL, of

metronidazole in the Test solution; and rI and rS are the

peak responses of tinidazole related compound A obtained

from the Test solution and the Standard solution, respectively:

not more than 0.1% is found. Calculate the percentage of any

unspecified impurity in the portion of Metronidazole taken by

the formula:

100 (CS /CU)(rI / rS)

in which CS is the concentration, in mg per mL, of USP

Metronidazole RS in the Standard solution; CU is the

concentration, in mg per mL, of metronidazole in the Test

solution; rI is the peak response for any unspecified

degradation product peak in the Test solution, and rS is the

peak response of metronidazole obtained from the Standard

solution: not more than 0.05% of any single unspecified

impurity is found; and not more than 0.2% of total impurities

is found.&1S (USP32)

Change to read:

Assay—Dissolve about 100 mg of Metronidazole, accurately
weighed, in 20 mL of acetic anhydride, warming slightly to effect
solution. Cool, add 1 drop of malachite green TS, and titrate with
0.1N perchloric acid VS from a 10-mL microburet to a yellow-green
endpoint. Perform a blank determination, and make any necessary
correction. Each mL of 0.1N perchloric acid is equivalent to 17.12
mg of C6H9N3O3.

&Mobile phase—Prepare a filtered and degassed mixture of

water and methanol (4 : 1). Make adjustments if necessary

(see System Suitability under Chromatography h621i).
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Standard preparation—Dissolve an accurately weighed

amount of USP Metronidazole RS in Mobile phase, to obtain

a solution having a known concentration of about 0.03 mg per

mL.

Assay preparation—Dissolve an accurately weighed

amount of Metronidazole in Mobile phase to obtain a solution

having a known concentration of about 0.03 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 319-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm L7

packing. The flow rate is about 1.0 mL per minute. The

column temperature is maintained at 308. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor is not more than 2.0;

and the relative standard deviation for five replicate injections

is not more than 2.0%.

Procedure—Separately inject equal volumes (about 30 mL)

of the Standard preparation and the Assay preparation into

the chromatograph; record the chromatograms for about twice

the retention time of metronidazole; and measure the

responses for the metronidazole peak. Calculate the quantity,

in percentage, of C6H9N3O3 in the portion of Metronidazole

taken by the formula:

100 (CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Metronidazole RS in the Standard preparation; CU is the

nominal concentration, in mg per mL, of metronidazole in the

Assay preparation; and rU and rS are the peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.&1S (USP32)

BRIEFING

Metronidazole Capsules. Because there is no existing USP
monograph for this dosage form, a new monograph is being
proposed. The liquid chromatographic procedures in Identification
test B, the test for Related compounds, and the Assay are based on
analyses performed with the Waters Symmetry C8 brand of L7
column. The typical retention time of the metronidazole peak is
about 5 minutes.

(MD-AA: M. Puderbaugh, B. Davani; BPC: M. Mar-
ques) RTS—C58885

Add the following:

&Metronidazole Capsules

» Metronidazole Capsules contain not less than

90.0 percent and not more than 110.0 percent of the

labeled amount of metronidazole (C6H9N3O3).

Packaging and storage—Preserve in well-closed, light-

resistant containers, and store at controlled room temperature.

USP Reference standards h11i—USP Metronidazole RS.

USP Tinidazole Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki—The capsule contents

show maxima only at the same wavelengths as those of

similarly prepared USP Metronidazole RS, between

1600 cm–1 and 1000 cm–1.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

Medium: 0.1N hydrochloric acid; 900 mL.

Apparatus 1: 100 rpm.

Time: 30 minutes.

Determine the amount of C6H9N3O3 dissolved using the

following procedure.
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Standard solution—Accurately weigh a suitable quantity of

USP Metronidazole RS into a suitable volumetric flask to

obtain a known concentration of about 0.4 mg per mL of

metronidazole. Add about 60% of the flask volume of the

Medium to the flask, and sonicate to dissolve if necessary.

Dilute with Medium to volume.

Test solution—Pass a portion of the solution under test

through a nylon filter having a porosity of 0.45 mm,

discarding the first few mL.

Procedure—Determine the amount of C6H9N3O3 dissolved

by employing UV absorption at the wavelength of maximum

absorbance at about 278 nm on portions of the Test solution in

comparison with the Standard solution, using a 0.05-cm cell

and Medium as the blank. Calculate the percentage of

C6H9N3O3 dissolved by the formula:

in which AU and AS are the absorbances obtained with the Test

solution and the Standard solution, respectively; CS is the

concentration, in mg per mL, of USP Metronidazole RS in the

Standard solution; 900 is the volume, in mL, of Medium; 100

is the conversion factor to percentage; and L is the Capsule

label claim, in mg.

Tolerances—Not less than 85% (Q) of the labeled amount

of C6H9N3O3 is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Mobile phase—Prepare as directed in the Assay.

Standard solution—Dissolve suitable quantities of USP

Metronidazole RS and USP Tinidazole Related Compound A

RS in Mobile phase to obtain a solution having a known

concentration of about 0.001 mg per mL of metronidazole

and about 0.002 mg per mL of tinidazole related compound

A.

Test solution—Use the Assay stock preparation, prepared as

directed in the Assay.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the approximate relative retention times for

tinidazole related compound A and metronidazole are about

0.75 and 1.0, respectively; the resolution, R, between

tinidazole related compound A and metronidazole is not

less than 2.0; the tailing factor is not more than 2.0 for the

metronidazole peak; and the relative standard deviation for

six replicate injections is not more than 6.0% for both the

metronidazole peak and the tinidazole related compound A

peak.

Procedure—Separately inject equal volumes (about 30 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for all the peaks. Calculate the percentage of

tinidazole related compound A in the portion of Capsules

taken by the formula:

100 (CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL, of USP

Tinidazole Related Compound A RS in the Standard

solution; CU is the nominal concentration of metronidazole,

in mg per mL, based on the label claim, in the Assay stock

preparation; and ri and rS are the peak responses of tinidazole

related compound A obtained from the Test solution and the

Standard solution, respectively: not more than 0.1% is found.

Calculate the percentage of any unspecified degradation

product in the portion of the Capsules taken by the formula:

100 (CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL, of USP

Metronidazole RS in the Standard solution; CU is the nominal

concentration of metronidazole, in mg per mL, based on the

label claim, in the Assay stock preparation; ri is the peak
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response for any unspecified degradation product peak in the

Test solution; and rS is the peak response of metronidazole

obtained from the Standard solution: not more than 0.1% of

any single unspecified degradation product is found; and not

more than 0.5% of total impurities is found.

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

water and methanol (4 : 1). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

amount of USP Metronidazole RS inMobile phase to obtain a

solution having a known concentration of about 0.03 mg per

mL.

Assay stock preparation—Mix the contents of not fewer

than 20 Capsules. Transfer an accurately weighed portion of

the powder, equivalent to about 100 mg of metronidazole, to a

100-mL volumetric flask, add 80 mL of Mobile phase, and

sonicate for about 10 minutes with intermittent shaking.

Shake the flask by mechanical means for 30 minutes. Dilute

with Mobile phase to volume, and mix. Centrifuge a portion

of the solution. The resulting supernatant has a nominal

concentration of 1 mg per mL of metronidazole.

Assay preparation—Quantitatively dilute the Assay stock

preparation with Mobile phase to obtain a final solution

having a nominal concentration of about 0.03 mg per mL of

metronidazole. Pass a portion of this solution through a nylon

membrane filter having a porosity of 0.45 mm or finer, discard

the first 10 mL of the filtrate, and use the remainder.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 319-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L7. The flow rate is about 1.0 mL per minute. The column

temperature is maintained at 308. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor is not more than 2.0;

and the relative standard deviation for five replicate injections

is not more than 2.0%.

Procedure—Separately inject equal volumes (about 30 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms for about twice

the retention time of metronidazole, and measure the

responses for the metronidazole peak. Calculate the quantity,

in percentage based on the label claim, of metronidazole

(C6H9N3O3) in the portion of Capsules taken by the formula:

100 (CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Metronidazole RS in the Standard preparation; CU is the

nominal concentration, in mg per mL, based on the label

claim, of metronidazole (C6H9N3O3) in the Assay preparation;

and rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (USP32)

BRIEFING

Midazolam Injection. Because there is no existing USP
monograph for this dosage form, a new monograph, which is
based on submitted data, is being proposed. The liquid chromato-
graphic procedures in the test for Related compounds and in the
Assay are based on analyses performed with an Alltima C18 brand of
L1 column. The typical retention time for midazolam is about 18
minutes.

(MD-PS: D. Bempong; MSA: R. Tirumalai) RTS—C44723

Add the following:

&Midazolam Injection

» Midazolam Injection is a sterile solution of

Midazolam Hydrochloride in Water for Injection or

of Midazolam in Water for Injection prepared with

the aid of Hydrochloric Acid. It contains the

equivalent of not less than 90.0 percent and not
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more than 110.0 percent of the labeled amount of

midazolam (C18H13ClFN3). It may contain Sodium

Chloride, Benzyl Alcohol, and/or a chelating agent.

Packaging and storage—Preserve in single-dose containers,

preferably of Type 1 glass. Store at 158 to 308.

Labeling—Label to indicate the vehicle used and the names

and concentrations of any added preservatives. Indicate if the

product is preservative-free.

USP Reference standards h11i— USP Benzyl Alcohol RS.

USP Midazolam RS.

Identification—The retention time of the midazolam peak in

the chromatogram of the Assay preparation corresponds to

that of the midazolam peak in the chromatogram of the

Standard preparation obtained as directed in the Assay.

Bacterial endotoxins h85i—It contains not more than 8.33

USP Endotoxin Units per mg of midazolam.

pH h791i: between 2.5 and 3.5.

Benzyl alcohol content (if present)—

Phosphate buffer—Dissolve 3.4 g of monobasic sodium

phosphate in 1000 mL of water. Adjust the pH to 3.5 with

phosphoric acid.

Mobile phase—Prepare a filtered and degassed mixture of

Phosphate buffer and acetonitrile (65 : 35). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

System suitability solution—Dissolve accurately weighed

quantities of USP Midazolam RS and USP Benzyl Alcohol

RS inMobile phase to obtain a solution containing about 0.05

mg of USP Midazolam RS per mL and 0.5 mg of USP Benzyl

Alcohol RS per mL.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Benzyl Alcohol RS in Mobile phase, and dilute

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution having a known concentration of about

0.5 mg per mL.

Test solution—Transfer an accurately measured volume of

Injection to a suitable volumetric flask, dilute with Mobile

phase to obtain a concentration of about 0.5 mg per mL of

benzyl alcohol, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and 4.6-mm 6 25-cm column that contains packing L1. The

flow rate is about 1.0 mL per minute. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure: the resolution, R, between benzyl

alcohol and midazolam is not less than 6.0; the tailing factor

is not more than 2.0 for benzyl alcohol; and the relative

standard deviation for replicate injections calculated for

benzyl alcohol is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the benzyl alcohol peak. Calculate the quantity,

in mg per mL, of benzyl alcohol in the volume of Injection

taken by the formula:

DC(rU / rS)

in which D is the dilution factor used in preparing the Test

solution; C is the concentration, in mg per mL of USP Benzyl

Alcohol RS in the Standard solution; and rU and rS are the

peak responses of benzyl alcohol obtained from the Test

solution and the Standard solution, respectively. Between

90% and 110% of the labeled amount is found.

Particulate matter h788i: meets the requirements for

small-volume injections.

Other requirements: meets the requirements for Sterility

Tests h71i and Injections h1i.

Related compounds—[NOTE—Protect all prepared standard

and sample solutions from light.]

Phosphate buffer, Solution A, Solution B, Mobile phase,

and Standard preparation—Proceed as directed in the Assay.
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Standard solution—Dilute an aliquot of the Standard

preparation quantitatively, and stepwise if necessary, with

Solution A to obtain a solution having a known concentration

of about 0.5 mg per mL.

Control solution—Dilute an aliquot of the Standard

solution quantitatively with Solution A to obtain a solution

having a known concentration of about 0.1 mg per mL.

Test solution—Prepare as directed for Assay preparation in

the Assay.

Chromatographic system (see Chromatography h621i)—

Proceed as directed under Assay except to chromatograph the

Standard solution and the Control solution, and record the

peak responses as directed for Procedure: the tailing factor

for the midazolam peak in the Standard solution is not more

than 2.5; the column efficiency, determined from the

Standard solution is not less than 5500 theoretical plates;

the signal-to-noise ratio for the Control solution is not less

than 10; and the relative standard deviation for replicate

injections of the Standard solution is not more than 8.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of each impurity in

the portion of Injection taken by the formula:

100(1/F)(CS /CT)(ri / rS)

in which F is the relative response factor and is equal to 0.51

for the peak eluting at a relative retention between 0.79 and

0.97 with respect to midazolam, and is equal to 1.0 for all

other peaks; CS is the concentration, in mg per mL, of

midazolam in the Standard solution; CT is the concentration,

in mg per mL, of midazolam in the Test solution based on the

label claim; ri is the individual impurity peak response

obtained from the Test solution; and rS is midazolam peak

response obtained from the Standard solution. Not more than

0.5% of the largest known impurity is found; not more 0.1%

of the largest unknown impurity is found; and not more than

1.0% of total impurities is found. [NOTE—Disregard all

solvent- and excipient-related peaks.]

Assay—[NOTE—Protect all prepared standard and sample

solutions from light.]

Phosphate buffer—Dissolve 13.4 g of dibasic sodium

phosphate heptahydrate in water, dilute with water to 2000

mL, and mix. Adjust the pH with phosphoric acid to

5.0+ 0.1.

Solution A—Prepare a filtered and degassed mixture of

Phosphate buffer, acetonitrile, and methanol (90 : 80 : 30).

Solution B—Prepare a filtered and degassed mixture of

acetonitrile and Phosphate buffer (75 : 25).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Midazolam RS in about 2 mL of methanol,

and dilute quantitatively, and stepwise if necessary, with

Solution A to obtain a solution having a known concentration

of about 0.2 mg per mL.

Assay preparation—[NOTE—The midazolam present in the

Injection converts from open-ring to the closed-ring form

when diluted with Solution A. The midazolam potency is

determined based on the peak area of the closed-ring form. It

takes approximately 60 minutes at 408 or 2 to 3 hours at room

temperature to complete the conversion. The Standard

preparation is not subject to this conversion process.]

Transfer an accurately measured volume of Injection to a

suitable volumetric flask, and dilute with Solution A to obtain

a solution containing about 0.2 mg of midazolam per mL, and

mix. Transfer the resulting solution into suitable crimp top

vials, seal tightly, and heat at about 408 for 60 minutes. Allow

the Assay preparation to cool to room temperature before

injection.
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Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 25-cm column that contains packing L1.

The flow rate is about 1.0 mL per minute. The chromatograph

is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–15 100 0 isocratic

15–20 100?0 0?100 linear gradient

20–35 0 100 isocratic

35–37 0?100 100?0 linear gradient

37–45 100 0 re-equilibration

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the column

efficiency is not less than 5500 theoretical plates; the tailing

factor is not more than 2.5; and the relative standard deviation

for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the midazolam peaks. Calculate the

percentage of the labeled amount of midazolam

(C18H13ClFN3) in the portion of Injection taken by the

formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of midazolam

in the Standard preparation; CU is the concentration, in mg

per mL, of midazolam in the Assay preparation, based on the

label claim; and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&1S (USP32)

BRIEFING

Nifedipine Extended-Release Tablets, USP 31 page 2807. It is
proposed to add a Dissolution Test 6 for a generic product recently
approved by FDA. In the absence of negative comments, it is
proposed to implement this revision through an Interim Revision
Announcement pertaining to USP 31–NF 26 with an official date of
October 1, 2008.

(BPC: M. Marques) RTS—C55876

Change to read:

Dissolution h711i—
TEST 1—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 1.
Medium: water; 50 mL.
Apparatus 7 (see Drug Release h724i): 15 to 30 cycles per

minute. Do not use the reciprocating disk, but use a 25-cm plexiglas
rod, the perimeter of the Tablets being affixed to the rod with a
water-insoluble glue. The solution containers are 25-mm test tubes,
150 to 200 mm in length, and the water bath is maintained at
37+ 0.58. At the end of each specified test interval, the systems are
transferred to the next row of new test tubes containing 50 mL of
fresh Medium.
Times: 4, 8, 12, 16, 20, and 24 hours.
Diluting solution: a mixture of methanol and water (1 : 1).
Standard solutions—Transfer about 50 mg of USP Nifedipine RS,

accurately weighed, to a 100-mL volumetric flask, dissolve in 50 mL
of methanol, dilute with water to volume, and mix to obtain a
Standard stock solution. Quantitatively dilute this Standard stock
solution with Diluting solution to obtain solutions having suitable
known concentrations.
Test solution—Use portions of the solution under test, passed

through a 0.4-mm filter, suitably diluted with methanol, and stepwise,
if necessary, with Diluting solution to obtain a final mixture
consisting of equal parts of methanol and water.
Procedure—Determine the amount of C17H18N2O6 released in the

Test solution at each 4-hour interval by employing UV absorption at
the wavelength of maximum absorbance at about 338 nm, in 0.5-cm
cells. [NOTE—For the 4-hour time period, determine the absorbance
at 456 nm, and use this determination to correct for excipient
interference.]
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6), released in vivo and dissolved at the times
specified, conform to Acceptance Table 2.

Time (hours) Amount dissolved*

4 between 5% and 17%
8 —
12 between 43% and 80%
16 —
20 —
24 not less than 80%

* The amount dissolved is expressed in terms of the labeled tablet strength
rather than in terms of the labeled total contents.

TEST 2—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 2.
Buffer concentrate—Transfer 330.9 g of dibasic sodium phosphate

and 38 g of citric acid to a 1-L volumetric flask, add water to
dissolve, add 10 mL of phosphoric acid, dilute with water to volume,
and mix.
Medium—Mix 125.0 mL of Buffer concentrate and 1 L of 10%

sodium lauryl sulfate solution, and dilute to 10 L. Adjust if necessary
to a pH of 6.8; 900 mL.
Apparatus 2: 50 rpm, with sinkers (see Figure 1).
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Figure 1

Times: 3, 6, and 12 hours.
Determine the amount of nifedipine (C17H18N2O6) dissolved by

employing the following method.
Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (70 : 30). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Standard solution—Dissolve an accurately weighed quantity of

USP Nifedipine RS in methanol to obtain a solution having a known
concentration of about 1.11 mg per mL. Dilute quantitatively and
stepwise with Medium to obtain a solution having a known
concentration of 0.1 mg per mL.
Chromatographic system—The liquid chromatograph is equipped

with a 350-nm detector and a 4.0-mm 6 125-mm column that
contains 3-mm packing L1. The flow rate is about 1.5 mL per minute.
The column is maintained at about 408. Chromatograph the Standard
solution, and record the peak responses as directed for Procedure:
the column efficiency is not less than 2000 theoretical plates; the
tailing factor is not more than 1.5; and the relative standard deviation
for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of

filtered portions of the Standard solution and the solution under test
into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Determine the amount of nifedipine
(C17H18N2O6) dissolved.
Tolerances—The percentages of the labeled amount of nifedipine

(C17H18N2O6) released in vivo and dissolved at the times specified
conform to Acceptance Table 2.

Time (hours) Amount dissolved

3 between 10% and 30%
6 between 40% and 65%
12 not less than 80%

TEST 3—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 3.

FOR TABLETS LABELED TO CONTAIN 30MG OF NIFEDIPINE—
Phase 1:
Medium: 0.05M phosphate buffer, pH 7.5; 900 mL.
Apparatus 2: 100 rpm.
Time: 1 hour.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.034 mg of USP
Nifedipine RS per mL. [NOTE—If necessary, a volume of methanol,
not exceeding 10% of the final volume, can be used to help
solubilize nifedipine.]
Procedure—[NOTE—After the run, take the Tablet out of the

dissolution vessel, adapt a sinker to it, and transfer the Tablet with
the sinker to the dissolution vessel containing the Medium for Phase
2.] Determine the amount of C17H18N2O6 released in Phase 1 from
UVabsorbances at the wavelength of maximum absorbance at about
238 nm, using filtered portions of the solution under test, in
comparison with the Standard solution, using the Medium as the
blank.
Phase 2:
Medium: 0.5% sodium lauryl sulfate in simulated gastric fluid

without enzyme, pH 1.2; 900 mL.

Apparatus 2: 100 rpm.
Times: 1, 4, 8, and 12 hours.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.034 mg of USP
Nifedipine RS per mL. [NOTE—If necessary, a volume of methanol,
not exceeding 10% of the final volume, can be used to help
solubilize nifedipine.]
Procedure—Determine the amount of C17H18N2O6 released in

Phase 2 from UV absorbances at the wavelength of maximum
absorbance at about 238 nm using filtered portions of the solution
under test, in comparison with the Standard solution, using Medium
as the blank.
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6), released in vivo and dissolved at the times
specified, conform to Acceptance Table 2.

Time (hours) Amount dissolved*

1 not more than 30%
4 between 30% and 55%
8 not less than 60%
12 not less than 80%

* For each dosage unit, add the amount dissolved in phosphate buffer, pH 7.5
from Phase 1 to the amount dissolved at each time point in Phase 2.

FOR TABLETS LABELED TO CONTAIN 60MG OF NIFEDIPINE—
Phase 1:
Medium: 0.05M phosphate buffer, pH 7.5; 900 mL.
Procedure—[NOTE—After the run, take the Tablet out of the

dissolution vessel, adapt a sinker to it, and transfer the Tablet with
the sinker to the dissolution vessel containing the Medium for Phase
2.] Determine the amount of C17H18N2O6 released in Phase 1 from
UV absorbances at the wavelength of maximum absorbance at about
238 nm using filtered portions of the solution under test, in
comparison with the Standard solution, using the Medium as the
blank.
Apparatus 2: 100 rpm.
Time: 25 minutes.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.067 mg of USP
Nifedipine RS per mL. If necessary, a volume of methanol, not
exceeding 10% of the final volume, can be used to help solubilize
nifedipine.
Phase 2:
Medium: 0.5% sodium lauryl sulfate in simulated gastric fluid

without enzyme, pH 1.2; 900 mL.
Apparatus 2: 100 rpm.
Times: 1, 4, 8, and 12 hours.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.067 mg of USP
Nifedipine RS per mL. [NOTE—If necessary, a volume of methanol,
not exceeding 10% of the final volume, can be used to help
solubilize nifedipine.]
Procedure—Determine the amount of C17H18N2O6 released in

Phase 2 from UV absorbances at the wavelength of maximum
absorbance at about 238 nm, using filtered portions of the solution
under test, in comparison with the Standard solution, using Medium
as the blank.
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6), released in vivo and dissolved at the times
specified, conform to Acceptance Table 2.

Time (hours) Amount dissolved*

1 not more than 30%
4 between 40% and 70%
8 not less than 70%
12 not less than 80%

* For each dosage unit, add the amount dissolved in phosphate buffer, pH 7.5
from Phase 1 to the amount dissolved at each time point in Phase 2.
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TEST 4—If the product complies with this test, the labeling
indicates that the product meets USP Dissolution Test 4.
Medium: 0.5% sodium lauryl sulfate in simulated gastric fluid

without enzyme, pH 1.2; 900 mL.
Apparatus 2: 100 rpm.
Times: 1, 4, and 12 hours.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.067 mg of USP
Nifedipine RS per mL for Tablets labeled to contain 60 mg, and
of about 0.034 mg of USP Nifedipine RS per mL for Tablets labeled
to contain 30 mg. [NOTE—If necessary, a volume of methanol, not
exceeding 10% of the final volume, can be used to help solubilize
nifedipine.]
Procedure—Determine the amount of C17H18N2O6 released from

UV absorbances at the wavelength of maximum absorbance at about
238 nm using filtered portions of the solution under test, in
comparison with the Standard solution, using the Medium as the
blank.
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6), released at the times specified, conform to
Acceptance Table 2.

FOR TABLETS LABELED TO CONTAIN 30 MG OF NIFEDIPINE

Time (hours) Amount dissolved

1 between 12% and 35%
4 between 44% and 67%
12 not less than 80%

FOR TABLETS LABELED TO CONTAIN 60 MG OF NIFEDIPINE

Time (hours) Amount dissolved

1 between 10% and 30%
4 between 40% and 63%
12 not less than 80%

TEST 5—If the product complies with this test, the labeling
indicates that the product meets USP Dissolution Test 5.
Medium: water; 50 mL.
Apparatus 7 (see Drug Release h724i)—Use a 25-cm Plexiglas

rod, the perimeter of the Tablets being affixed to the rod with a
water-insoluble glue; 30 dips per minute. The solution containers are
25-mm test tubes, 150 to 200 mm in length, and the water bath is
maintained at 37+ 0.58.
Times: 4, 12, and 24 hours.
Diluting solution 1—Prepare a mixture of methanol and

acetonitrile (1 : 1).
Diluting solution 2—Prepare a mixture of Diluting solution 1 and

water (1 : 1).
Standard solutions—Transfer about 50 mg of USP Nifedipine RS,

accurately weighed, to a 100-mL volumetric flask, dissolve in 50 mL
of Diluting solution 1, dilute with water to volume, and mix.
Quantitatively dilute this solution with Diluting solution 2 to obtain
solutions having known concentrations of 0.01 mg per mL, 0.05 mg
per mL, and 0.20 mg per mL that are used at 4, 12, and 24 hours
sampling, respectively.
Procedure—[NOTE—For the 4-hour time period, filter the solution

under test, and determine the absorbance at 456 nm. Use this
absorbance value to correct for excipient interference at the other
time points.] Determine the amount of nifedipine released at each
interval by employing UVabsorption at the wavelength of maximum
absorbance at about 338 nm on portions of the solution under test
passed through a suitable 0.45-mm filter, suitably diluted, if
necessary, with Diluting solution 1 and water to obtain a final
mixture of water, methanol, and acetonitrile (2 : 1 : 1), in comparison
with the appropriate Standard solution, using 0.5-cm cells, and
Diluting solution 2 as the blank.

Tolerances—The cumulative percentages of the labeled amount of
nifedipine, released in vivo and dissolved at the times specified,
conform to Acceptance Table 2.

Time (hours) Amount dissolved

4 not more than 14%
12 between 39% and 75%
24 not less than 75%

.TEST 6—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 6.

Medium: simulated gastric fluid without enzyme contain-

ing 0.5% of sodium lauryl sulfate, pH 1.2; 900 mL, deaerated.

Apparatus 1: 100 rpm.

Times: 1, 4, and 12 hours.

Standard stock solution—Prepare a solution in methanol

having an accurately known concentration of about 0.33 mg

of USP Nifedipine RS per mL.

Working standard solution—Quantitatively dilute the

Standard stock solution with Medium to obtain a solution

having a concentration of about 0.033 mg per mL.

Test solution—Pass a portion of the solution under test

through a suitable filter having a porosity of 0.45 mm.

Procedure—Determine the amount of C17H18N2O6 dis-

solved at each time point by employing UV absorption at

the wavelength of maximum absorbance at about 329 nm on

portions of the Test solution in comparison with the Working

standard solution, using a cell with a path length of 0.5 cm

and using Medium as the blank.

Tolerances—The cumulative percentages of the labeled

amount of C17H18N2O6 dissolved at the times specified

conform to Acceptance Table 2.

Time (hours) Amount dissolved

1 not more than 15%

4 between 20% and 40%

12 not less than 80%
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BRIEFING

Olanzapine. Because there is no existing USP monograph for this
active drug substance, a new monograph is being proposed. The
proposed liquid chromatographic test in the test for Related
compounds and in the Assay is based on analyses performed with
either the Zorbax RX-C8 or Zorbax SB-C8 brand of L7 column
manufactured by Agilent Technologies. The typical retention time of
the olanzapine peak is about 13 minutes in the gradient elution
method used in the test for Related compounds, while the retention
time for olanzapine is about 6.7 minutes in the isocratic method used
in the Assay.

(MDPP: R. Ravichandran) RTS—C52887

Add the following:

&Olanzapine

C17H20N4S 312.43

10H-Thieno[2,3-b][1,5]benzodiazepine, 2-methyl-4-(4-

methyl-1-piperazinyl)-.

2-Methyl-4-(4-methyl-1-piperazinyl)-10H-thieno [2,3-b][1,5]

benzodiazepine [132539-06-1].

» Olanzapine contains not less than 98.0 percent

and not more than 102.0 percent of C17H20N4S,

calculated on the anhydrous and solvent-free basis.

Packaging and storage—Preserve in well-closed containers,

and store at room temperature.

USP Reference standards h11i—USP Olanzapine RS. USP

Olanzapine Related Compound A RS. USP Olanzapine

Related Compound B RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Water, Method I h921i: not more than 1.0%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: 10 ppm.

Related compounds—

Buffer solution—Dissolve 13 g of sodium dodecyl sulfate in

1500 mL of water, add 5 mL of phosphoric acid, and adjust

the pH to 2.5 with a sodium hydroxide solution.

Solution A—Mix the Buffer solution and acetonitrile

(52 : 48). Mix, filter, and degas.

Solution B—Mix acetonitrile and the Buffer solution

(70 : 30). Mix, filter, and degas.

Mobile phase—Use variable mixtures of Solution A and

Solution B. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Diluent—Dissolve about 55 mg of edetate disodium in

1500 mL of Buffer solution. Prepare a mixture of the resulting

solution and acetonitrile (3 : 2).

System suitability solution—Dissolve suitable quantities of

USP Olanzapine RS, USP Olanzapine Related Compound A

RS, and USP Olanzapine Related Compound B RS in Diluent

to obtain a solution having a concentration of about 20 mg per

mL of olanzapine and 2 mg per mL each of olanzapine related

compound A and olanzapine related compound B, respec-

tively.

Standard solution—Quantitatively dilute the Standard

preparation obtained from the Assay with Diluent to obtain

a solution having a known concentration of about 0.002 mg

per mL.

Test solution—Transfer about 10 mg of Olanzapine,

accurately weighed, to a 25-mL volumetric flask. Dissolve

in and dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm

detector, and a 4.6-mm 6 25-cm column that contains
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5-mm L7 packing, is maintained at a constant temperature of

about 358, and is programmed to provide a Mobile phase

consisting of variable mixtures of Solution A and Solution B.

The flow rate is about 1.5 mL per minute. The chromatograph

is programmed as follows.

Time

(min.)

Solution A

(% v/v)

Solution B

(% v/v) Elution

0–10 100 0 isocratic

10–20 100 ? 0 0 ? 100 linear gradient

20–25 0 100 isocratic

25–27 0 ? 100 100 ? 0 linear gradient

27–35 100 0 equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure. Identify the peaks

using the approximate RRT values given in Table 1; the

resolution, R, between olanzapine related compound A and

olanzapine is not less than 3.0; the tailing factor for the

olanzapine peak is not more than 1.5; and the relative

standard deviation for replicate injections for the olanzapine

peak is not more than 2.0%.

Table 1

Peak Identification

Approx.

Relative

Retention

Time

(RRT)

Relative

Response

Factor

(RRF)

Limit

%

Olanzapine related com-

pound B1

0.3 2.3 0.10

Olanzapine related com-

pound A2

0.8 1.0 0.10

Olanzapine 1.0 — —

Any individual unspeci-

fied impurity

— — 0.10

Total — — 0.4

1 2-Methyl-10H-thieno-[2,3-b][1,5] benzodiazepin-4[5H]-one.
2 5-Methyl-2-((2-nitrophenyl)amino)-3-thiophenecarbonitrile.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution, maintained at a

temperature of about 58, into the chromatograph, record the

peaks, and measure the responses for the peaks. Calculate the

percentage of each impurity in the portion of Olanzapine

taken by the formula:

100(1/F)(CS /CT)(ri / rS)

in which F is the relative response factor for each impurity

from Table 1; CS is the concentration, in mg per mL, of USP

Olanzapine RS in the Standard solution; CT is the

concentration, in mg per mL, of Olanzapine in the Test

solution; ri is the response for each impurity in the Test

solution; and rS is the response of the olanzapine peak in the

Standard solution. The impurity limits are given in Table 1.

Assay—

Mobile phase—Dissolve 6.9 g of monobasic sodium

phosphate in 1 L water, adjust the pH to 2.5 with phosphoric

acid, then add 12 g of sodium dodecyl sulfate per L, and mix.

Prepare a filtered and degassed mixture of this buffer and

acetonitrile (1 : 1). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

System suitability solution—Dissolve suitable quantities of

USP Olanzapine RS and USP Olanzapine Related Compound

A RS in Mobile phase to obtain a final solution having a

concentration of about 0.1 mg of olanzapine and 0.01 mg per

mL of olanzapine related compound A, respectively.

Standard preparation—Dissolve an accurately weighed

quantity of USP Olanzapine RS in Mobile phase, and dilute

quantitatively with Mobile phase to obtain a solution having a

known concentration of about 0.1 mg per mL.

Assay preparation—Transfer about 10 mg of Olanzapine,

accurately weighed, to a 100-mL volumetric flask, dissolve in

and dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 260-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm L7
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packing. The flow rate is about 1.5 mL per minute.

Chromatograph the System suitability solution, and record

the peak responses as directed for Procedure: the resolution,

R, between olanzapine related compound A and olanzapine is

not less than 2.0; the tailing factor for olanzapine peak is

between 0.8 and 1.5; and the relative standard deviation for

replicate injections for the olanzapine peak is not more than

1.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage,

of C17H20N4S in the portion of Olanzapine taken by the

formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

olanzapine in the Standard preparation and the Assay

preparation, respectively; and rU and rS are the peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.&1S (USP32)

BRIEFING

Orphenadrine Citrate Extended-Release Tablets. Because there
is no existing USP monograph for this dosage form, a new
monograph is being proposed. The liquid chromatographic proce-
dures in the tests for Related compounds and the Assay were
validated with a Waters mBondapak brand of L1 column, in which
orphenadrine elutes at about 4 minutes.

(MD-PP: S. Ramakrishna; BPC: M. Marques) RTS—C40365

Add the following:

&Orphenadrine Citrate Extended-
Release Tablets

» Orphenadrine Citrate Extended-Release Tablets

contain not less than 90.0 percent and not more

than 110.0 percent of the labeled amount of

orphenadrine citrate (C18H23NO �C6H8O7).

Packaging and storage—Preserve in well-closed, tight,

light-resistant containers, and store at controlled room

temperature.

Labeling—When more than one Dissolution test is given, the

labeling states the Dissolution test used only if Test 1 is not

used.

USP Reference standards h11i—USP Orphenadrine Citrate

RS. USP Orphenadrine Related Compound B RS. USP

Orphenadrine Related Compound C RS.

Identification—

A: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

TEST 1—

Medium: water; 900 mL, deaerated.

Apparatus 2: 50 rpm.

Times: 1, 2, 6, and 12 hours.

Determine the amount of C18H23NO �C6H8O7 dissolved by

employing the following procedure.

0.05M Ammonium phosphate—Transfer 5.75 g of mono-

basic ammonium phosphate to a 1000-mL volumetric flask,

dissolve in and dilute with water to volume, and mix well.
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Mobile phase—Prepare a filtered and degassed mixture of

0.05M Ammonium phosphate and acetonitrile (3 : 2), and

adjust with phosphoric acid to a pH of 3.2+ 0.1. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard solution—Transfer about 25 mg, accurately

weighed, of USP Orphenadrine Citrate RS to a 25-mL

volumetric flask. Add about 10 mL of Mobile phase, and

sonicate until dissolved. Dilute with Mobile phase to volume,

and mix. Transfer 5.0 mL of this solution to a 50-mL

volumetric flask, dilute with Medium to volume, and mix.

Test solution—Pass a portion of the solution under test

through a suitable filter having a porosity of 0.45 mm, and

discard the first few mL of filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 225-nm detector

and a 3.9-mm 6 30-cm column that contains packing L1.

The flow rate is about 2.0 mL per minute. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the tailing factor is not more than 2.0, and the

relative standard deviation for replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the quantity of C18H23NO �C6H8O7

dissolved by the following formulas.

The percentage dissolved after 1 hour is determined by the

formula:

The percentage dissolved after 2 hours is determined by the

formula:

where

The percentage dissolved after 6 hours is determined by the

formula:

where

The percentage dissolved after 12 hours is determined by

the formula:

where
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In the formulas above, rU and rS are the peak responses for

the Test solution and the Standard solution, respectively; CS is

the concentration, in mg per mL, of the Standard solution;

900 is the volume, in mL, of Medium; 100 is the conversion

factor to percentage; LC is the Tablet label claim, in mg; V1 is

the volume, in mL, of sample withdrawn at the first hour; V2

is the volume, in mL, of the sample withdrawn at the second

hour; and V3 is the volume, in mL, of the sample withdrawn at

the sixth hour.

Tolerances—The percentages of the labeled amount of

C18H23NO �C6H8O7 dissolved at the times specified conform

to Acceptance Table 2.

Time (hours) Amount dissolved

1 between 10% and 40%

2 between 30% and 50%

6 between 50% and 80%

12 not less than 80%

TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: water; 900 mL.

Apparatus 2: 50 rpm.

Times: 1, 4, and 12 hours.

Determine the amount of C18H23NO �C6H8O7 dissolved by

employing the following procedure.

Standard solution—Transfer about 50 mg, accurately

weighed, of USP Orphenadrine Citrate RS to a 50-mL

volumetric flask, and dissolve in and dilute with Medium to

volume. Transfer 1.0 mL of this solution to a 50-mL

volumetric flask, dilute with Medium to volume.

Test solution—Withdraw 10 mL of Standard solution from

each vessel at each specified time point. Replace 10 mL of

Medium in each vessel. Pass the solution under test through a

suitable filter having a porosity of 0.45 mm. Transfer 1.0 mL

of the filtrate to a 50-mL volumetric flask, and dilute with

Medium to volume.

Procedure—Determine the amount of C18H23NO �C6H8O7

dissolved by UV absorption at the wavelength of maximum

absorbance at about 210 nm on portions of the Test solution in

comparison with the Standard solution, using a cell with a

path length of 1 cm and using Medium as blank. Calculate the

percentage of C18H23NO �C6H8O7 dissolved at each time

point.

Tolerances—The percentages of the labeled amount of

orphenadrine citrate dissolved at the times specified conform

to Acceptance Table 2.

Time (hours) Amount dissolved

1 between 10% and 40%

4 between 40% and 70%

12 not less than 80%

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Buffer solution and Mobile phase—Proceed as directed for

the Assay.

System suitability solution—Dissolve accurately weighed

quantities of USP Orphenadrine Citrate RS, USP Orphena-

drine Related Compound B RS, and USP Orphenadrine

Related Compound C RS inMobile phase to obtain a solution

having a known concentration of about 0.1 mg per mL of

USP Orphenadrine Citrate RS and about 0.01 mg per mL

each of USP Orphenadrine Related Compound B RS and

USP Orphenadrine Related Compound C RS.

Test solution—Use the Assay preparation.

Chromatographic system—Prepare as directed for the

Assay. Chromatograph the System suitability solution, and

record the peak responses as directed for Procedure: the

resolution, R, between orphenadrine citrate and orphenadrine

related compound C is not less than 1.2; and that between

orphenadrine citrate and orphenadrine related compound B is

not less than 2.0. Identify the peaks using the approximate

relative retention times shown in the table.

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 645



Black plate (646,1)

Peak Identification

Relative

Retention

Time

(RRT)

Relative

Response

Factor (F) Limit

(%)

Citric acid 0.4 — —

Orphenadrine related

compound C1

0.9 1.5 NMT 0.5

Orphenadrine citrate 1 — —

Orphenadrine related

compound B2

1.3 1.3 NMT 0.5

2-Methyl benzhydrol 2.1 2.1 NMT 0.5

2-Methyl benzophe-

none

4 1.0 NMT 0.5

Any other individual

impurity

— 1.0 NMT 0.10

Total of all related

compounds

— — NMT 1.5

1 N-Methyl [2-(2-methylbenzhydryloxy)ethyl]amine hydrochloride.
2 N-Ethyl-N,N-dimethyl[2-2(methylbenzhydryloxy)ethyl]ammonium
chloride.

Procedure—Inject a volume (about 20 mL) of the Test

solution into the chromatograph, record the chromatograms,

and measure the responses for the major peaks. Calculate the

percentage of each of the (known or unknown) individual

orphenadrine citrate related compounds in the portion of

Tablets taken by the formula:

(100/F) (rU / rS)

in which F is the appropriate relative response factor as listed

in the table; rU is the individual peak response of each of the

related compounds in the Test solution; and rS is the peak

response of the orphenadrine citrate in the Test solution.

Assay—

Buffer solution—Dissolve 5.75 g of monobasic ammonium

phosphate in 1000 mL of water. Adjust the pH to 3.2+ 0.1

with phosphoric acid.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and acetonitrile (6 : 4). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Orphenadrine Citrate RS in Mobile phase,

and dilute quantitatively, and stepwise if necessary, with

Mobile phase to obtain a solution having a known

concentration of about 0.1 mg per mL.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 100 mg of orphenadrine citrate,

to a 200-mL volumetric flask; add 100 mL of Mobile phase;

sonicate for about 5 minutes; and shake mechanically for 15

minutes. Dilute withMobile phase to volume, and mix. Pass a

portion of this solution through a suitable filter of type PVDF

having a porosity of 0.45 mm or finer. Transfer about 10 mL

of the filtrate into a 50-mL volumetric flask, dilute with

Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 225-nm detector

and a 3.9-mm 6 3-cm column that contains packing L1. The

flow rate is about 2.0 mL per minute. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor for orphenadrine

citrate is not more than 2.0; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure
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the responses for the major peaks. Calculate the percentage,

based on the label claim, of orphenadrine citrate (C18H23NO �

C6H8O7) in the portion of Tablets taken by the formula:

100(CS /CU) (rU / rS)

in which CS is the concentration, in mg per mL, of USP

Orphenadrine Citrate RS in the Standard preparation; CU is

the concentration, in mg per mL of orphenadrine citrate,

based on the label claim, in the Assay preparation; and rU and

rS are the peak responses obtained from the Assay preparation

and the Standard preparation, respectively.&1S (USP32)

BRIEFING

Oxytocin, USP 31 page 2897. On the basis of comments received,
it is proposed to eliminate the current animal-based Identification test
and replace it with either an NMR test or an amino acid analysis test.
USP is not aware of any naturally derived material currently being
marketed; therefore, it is proposed to delete the test for Vasopressor
activity. Since acetic acid is the common counterion seen with this
peptide, a new test for Acetic acid content is being added.

(BB-PP: L. Callahan) RTS—C63417

Change to read:

» Oxytocin is a nonapeptide hormone having the
property of causing the contraction of uterine smooth
muscle and of the myoepithelial cells within the
mammary gland. It is prepared by synthesis. or obtained
from the posterior lobe of the pituitary of healthy
domestic animals used for food by man.

&

&1S (USP32)

Its oxytocic activity is not less than 400 USP Oxytocin
Units per mg.

Change to read:

USP Reference standards h11i—USP Oxytocin RS. USP Vaso-
pressin RS

&USP Oxytocin Identification RS.&1S (USP32)

Change to read:

Identification—
A: The retention time of the oxytocin peak in the chromatogram

of the Assay preparation corresponds to that in the chromatogram of
the Standard preparation as obtained in the Assay.
B: Obtain the uterus from a 120- to 200-g rat in diestrus.

Suspend one horn of the uterus in a bath at 328 containing, in each L
of water, 9.0 g of sodium chloride, 0.42 g of potassium chloride,

0.16 g of calcium chloride, 0.50 g of sodium bicarbonate, 0.25 g of
dextrose, and 0.0053 g of magnesium chloride. Oxygenate the bath
solution with a mixture of 95% oxygen and 5% carbon dioxide.
Record the contractions of the muscle on a recorder, using an
isotonic and linear transducer. Add to the bath two appropriate
dilutions of USP Oxytocin RS, and record the contraction of the
muscle following each dilution. The appropriate dilutions are
determined to give clearly distinctive submaximal contractions.
Replace the solution in the bath with a fresh solution, and wait until
the muscle is relaxed. Dissolve or dilute the preparation to be tested
in a suitable diluent to obtain responses on the addition of two doses
similar to the one used with the Standard solution. The magnitude of
the contractions obtained with the Standard solution is comparable to
the contractions obtained with the test solution.

&Perform one of the following two tests:

B. Nuclear Magnetic Resonance—[NOTE—Concentra-

tions of Oxytocin in both the Standard solution and the

Test solution must be the same (within 5% of each other) but

can be adjusted based on the quality of the spectrum obtained.

The spectra must be acquired under the same conditions for

both the Standard solution and the Test solution. The spectra

obtained are of sufficient quality to allow quantification of the

integrals of the resonances specified below to be obtained.

Integrals and spectra of both the Standard solution and the

Test solution can be repeated and averaged.]

pH 5.0 Sodium phosphate buffer—Dissolve 27.6 g of

monobasic sodium phosphate in 900 mL of water, adjust

with phosphoric acid or 10N sodium hydroxide to a pH of

5.0+ 0.1, dilute with water to 1000 mL, and mix.

Standard solution—Prepare a 10 mg per mL solution

(approximately 1 mL) of USP Oxytocin Identification RS in

pH 5.0 Sodium phosphate buffer. Lyophilize to dryness,

redissolve in deuterium oxide, lyophilize again, redissolve in

deuterium oxide, and lyophilize once again (to replace

exchangable hydrogens with deuterium). Dissolve in 1 mL

of deuterium oxide containing 0.5% v/v (2,2,3,3-(d4)-3-

(trimethylsilyl) propionic acid sodium salt (TSP) as a

chemical shift reference.

Test solution—Prepare a 10 mg per mL solution (approx-

imately 1 mL) of Oxytocin in pH 5.0 Sodium phosphate

buffer. Proceed as directed for the Standard solution.

Procedure—Obtain a proton NMR spectrum of both the

Standard solution and the Test solution. The spectra from

both solutions are qualitatively and quantitatively similar, and

all the resonances from the spectrum of the Standard solution
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are present in the spectrum of the Test solution and have the

same chemical shift values (+0.1 ppm). Identify any other

resonances in the spectrum of the Test solution that are not

present in the spectrum of the Standard solution. The

integrals of the acetate and deuterium oxide peaks at 1.9

ppm and 4.9 ppm can differ quantitatively in the spectra of

the Standard solution and the Test solution.

C. Amino acid content—Use a suitable, validated proce-

dure (see Biotechnology-Derived Articles—Amino Acid

Analysis h1052i).

Standard solutions—Prepare a solution having known

equimolar amounts of L-alanine, L-arginine, L-aspartic acid,

L-glutamic acid, glycine, L-histidine, L-isoleucine, L-leucine,

L-lysine, L-methionine, L-phenylalanine, L-proline, L-serine,

L-threonine, L-tyrosine, and L-valine with half the equimolar

amount of L-cystine. For the validation of the method, use an

appropriate internal standard, such as norleucine. Prepare a

separate, equimolar solution of L-tryptophan.

Test solution—[NOTE—The following hydrolysis conditions

and concentrations can be modified depending on the method

of analysis chosen.] Transfer about 64 mg of Oxytocin,

accurately weighed, to a suitable vessel, and dissolve in 1.0

mL of water. Transfer 0.10 mL of this solution to a vacuum

hydrolysis tube, add 2.0 mL of 6N hydrochloric acid,

evacuate the tube, and heat for 16 hours at 1208. Transfer 0.10

mL of the hydrolysate so obtained to a suitable vessel, add

1 mL of water, and lyophilize. Dissolve in and dilute to a

suitable volume in a buffer solution suitable for amino acid

analysis.

Procedure—Inject equal volumes of the Standard solutions

and the Test solution into the amino acid analyzer, and

measure and record the responses for each amino acid peak.

Express the content of each amino acid in moles. Calculate

the relative proportions of the amino acids, taking 1/6 of the

sum of the number of moles of aspartic acid, glutamic acid,

proline, glycine, isoleucine, and leucine as equal to 1. The

values fall within the following limits: aspartic acid: 0.90 to

1.10; glutamic acid: 0.90 to 1.10; proline: 0.90 to 1.10;

glycine: 0.90 to 1.10; leucine: 0.90 to 1.10; isoleucine: 0.90 to

1.10; tyrosine: 0.7 to 1.05; half-cystine: 1.4 to 2.1. Not more

than traces of other amino acids are present.&1S (USP32)

Delete the following:

&Vasopressor activity (for product labeled of animal origin)—
Proceed as directed in the Assay under Vasopressin, except to
prepare a dilution of the Standard solution of USP Vasopressin RS
containing 0.1 USP Vasopressin Unit per mL. The vasopressic
activity of the test preparation is not more than 0.1 USP Vasopressin
Unit per mL.&1S (USP32)

Add the following:

&Acetic acid content h503i: between 6% and

10%.&1S (USP32)

BRIEFING

Rocuronium Bromide. Because there is no existing USP
monograph for this active drug substance, a new monograph is
being proposed. The proposed headspace gas chromatographic
procedures in the test for Limit of 2-propanol are based on analyses
performed with the CP Select 624 capillary column manufactured by
Varian. The typical retention time for 2-propanol is about 8.3
minutes. The proposed HPLC procedures in the test for Related
compounds and in the Assay are based on analyses performed with
the Hypersil Silica brand of L3 column. The typical retention time
for rocuronium is about 8 minutes.

(MD-PP: R. Ravichandran) RTS—C53379

Add the following:

&Rocuronium Bromide

C32H53BrN2O4 609.68

Pyrrolidinium, 1-[(2b,3a,5a,16b,17b)-17-(acetyloxy)-3-hy-

droxy-2-(4-morpholinyl)androstan-16-yl]-1-(2-prope-

nyl)-, bromide.
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1-Allyl-1-(3a,17b-dihydroxy-2b-morpholino-5a-androstan-

16b-yl)pyrrolidinium bromide, 17-acetate

[119302-91-9].

» Rocuronium Bromide contains not less than 98.0

percent and not more than 102.0 percent of

C32H53BrN2O4, calculated on the anhydrous and

solvent-free basis.

Packaging and storage—Preserve in tight containers,

protected from light and moisture. Store at –208 or below.

USP Reference standards h11i—USP Rocuronium Bromide

RS. USP Rocuronium Peak Identification Mixture RS.

Identification—

A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

C: A solution (1 in 10) meets the requirements of the

silver nitrate test for Bromide h191i.

Color of solution h631i—

Reference solution—Mix 33 mL of Matching Fluid G and

67 mL of water.

Test solution—Transfer 500 mg of Rocuronium Bromide to

a 50-mL volumetric flask, dissolve in and dilute with water to

volume, and mix.

Procedure—Proceed as directed for Color and Achromicity

h631i: the Test solution is not more intensely colored than the

Reference solution.

Specific rotation h781Si: between 28.58 and 32.08, mea-

sured on an anhydrous and solvent-free basis at 258.

Test solution: 10 mg per mL, in 0.05M hydrochloric acid.

pH h791i: between 8.9 and 9.5, in a solution (1 in 100).

Water, Method I h921i: not more than 4.0%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: 0.001%.

Limit of 2-propanol—

Stock standard solution—Transfer 35.0 mL of ethyl ether,

32.0 mL of 2-propanol, and 19.0 mL of methylene chloride to

a 100-mL volumetric flask containing 90 mL of dimethyl-

formamide (DMF), dilute with DMF to volume, and mix.

Standard solution—Transfer 2.5 mL of the Stock standard

solution to a 25-mL volumetric flask containing 20 mL of

DMF, dilute with DMF to volume, and mix.

Working standard solution—Transfer 1.0 mL of the

Standard solution and 4.0 mL of water to a 20-mL headspace

vial. Immediately close the vial with a cap, and mix.

Test solution—Transfer about 50 mg of Rocuronium

Bromide, accurately weighed, to a 20-mL headspace vial.

Dissolve in 1.0 mL of DMF. Add 4 mL of water, immediately

close the vial with a cap, and mix.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 0.32-mm 6 60-m fused silica column coated

with a 1.8-mm layer of liquid phase G43. The carrier gas is

helium or nitrogen with a linear velocity of about 55 cm per

second and a split ratio of 1 : 6. The gas chromatograph is also

equipped with a headspace autosampler, which is operated as

follows: sample equilibration temperature is 908; sample

equilibration time is 15 minutes; transfer-line temperature is

1408; carrier gas is helium or nitrogen; and the pressurization

time is 30 seconds. The chromatograph is programmed as

follows. Initially the temperature of the column is maintained

at 508 for 8 minutes, then the temperature is increased at a rate

of 208 per minute to 2508, and maintained at 2508 for 8

minutes. The injection port temperature is maintained at 1408,

and the detector temperature is maintained at 2808.

Chromatograph the Working standard solution, and record

the peak responses as directed for Procedure: the relative

retention times are about 0.87, 1.0, and 1.08 for ethyl ether, 2-
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propanol, and methylene chloride, respectively; the resolu-

tion, R, between ethyl ether and 2-propanol is not less than

1.0; the resolution, R, between 2-propanol and methylene

chloride is not less than 1.0; and the relative standard

deviation for replicate injections is not more than 10.0% for

the 2-propanol peak.

Procedure—Separately inject equal volumes of the head-

space (about 1 mL) of the Working standard solution and the

Test solution into the chromatograph, record the chromato-

grams, and measure the responses for the major peaks.

Calculate the percentage of 2-propanol in the portion of

Rocuronium Bromide taken by the formula:

100(rU / rS) (V60.786/W)/1000

in which rU and rS are the 2-propanol peak responses obtained

from the Test solution and the Working standard solution

chromatograms, respectively; V is the volume, in mL, of 2-

propanol taken to prepare the Stock standard solution; 0.786

is the relative density of 2-propanol, in mg per mL; W is the

weight, in mg, of Rocuronium Bromide taken to prepare the

Test solution; and 1000 is the dilution factor for the Standard

solution. Not more than 1.0% of 2-propanol is found.

Related compounds—

Mobile phase—Proceed as directed in the Assay.

Diluent—Prepare a mixture of acetonitrile and water (9 : 1).

Peak identification solution—Dissolve a suitable quantity

of USP Rocuronium Peak Identification Mixture RS in a

suitable volume of Diluent to obtain a solution having a

concentration of about 1 mg per mL.

Standard solution—Quantitatively dilute the Standard

preparation from the Assay with Diluent to obtain a solution

having a known concentration of about 0.01 mg per mL.

Test solution—Transfer about 100 mg of Rocuronium

Bromide, accurately weighed, to a 10-mL volumetric flask.

Dissolve in and dilute with Diluent to volume, and mix.

Chromatographic system—Prepare as directed in the Assay.

Chromatograph the Peak identification solution, and record

the peak areas as directed for Procedure, identifying the peaks

by using the relative retention times given in Table 1: the

resolution, R, between rocuronium related compound H and

rocuronium is not less than 1.5, and the resolution, R,

between rocuronium and rocuronium related compound C is

not less than 3.5.

Procedure—Separately inject equal volumes (about 5 mL)

of the Standard solution and the Test solution into the

chromatograph, and allow the chromatogram to run 2.5 times

longer than the retention time for rocuronium. Measure all of

the peak areas in the Test solution. Calculate the percentage of

each impurity in the portion of Rocuronium Bromide taken

by the formula:

100 (CS /CT)(rU / rS)(1 /F)

in which CS is the concentration, in mg per mL, of USP

Rocuronium Bromide RS in the Standard solution; CT is the

concentration, in mg per mL, of Rocuronium Bromide in the

Test solution; rU is the peak area for any impurity in the Test

solution; rS is the peak area for rocuronium bromide obtained

from the Standard solution; and F is the relative response

factor, obtained from Table 1, for each of the known

impurities relative to rocuronium bromide. Disregard the

peak due to the bromide ion eluting just before rocuronium

bromide related compound A, and any peak with an area less

than 0.5 times that of the principal peak in the chromatogram

obtained from the Standard solution.

Assay—

Diluent: a mixture of acetonitrile and water (9 : 1).

Buffer solution—Transfer 4.53 g of tetramethylammonium

hydroxide pentahydrate to a 1000-mL volumetric flask,

dissolve in and dilute with water to volume, and mix.

Adjust the solution with phosphoric acid to a pH of 7.4, and

mix.
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Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and Buffer solution (9 : 1). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Rocuronium Bromide RS in Diluent, and

dilute quantitatively with Diluent to obtain a solution having a

known concentration of about 1 mg per mL.

Assay preparation—Transfer an accurately weighed quan-

tity of Rocuronium Bromide, to a suitable volumetric flask to

obtain a solution having a nominal concentration of about

1 mg per mL of rocuronium bromide. Dissolve in and dilute

with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L3. The flow rate is about 2.0 mL per minute. The column

temperature is maintained at 308. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor is not more than 2.0;

and the relative standard deviation for replicate injections is

not more than 2.0% for the rocuronium bromide peak.

[NOTE—The system may need equilibration for 4 hours.]

Procedure—Separately inject equal volumes (about 5 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percentage, of C32H53BrN2O4 in the portion of Rocuronium

Bromide taken by the formula:

100(CS /CU )(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Rocuronium Bromide RS in the Standard preparation; CU is

the nominal concentration, in mg per mL, of Rocuronium

Bromide in the Assay preparation; and rU and rS are the peak

responses obtained from the Assay preparation and the

Standard preparation, respectively.

Table 1

Compound Name

Relative Retention

Time

Relative Response

Factor (F) Limit (%)

Rocuronium related compound A1 About 0.20 2.1 0.2

Rocuronium related compound G2 About 0.40 2.3 0.1

Rocuronium related compound F3 About 0.76 0.79 0.1

Rocuronium related compound B4 About 0.80 1.0 0.3

Rocuronium related compound D5 About 0.90 1.0 0.1

Rocuronium related compound H6 About 0.95 2.9 0.1

Rocuronium bromide 1.0 — —

Rocuronium related compound C7 About 1.20 1.0 0.3

Rocuronium related compound E8 About 1.36 1.0 0.1

Any individual unspecified impurity — — 0.10

Total impurities — — 1.5

1 3a-Hydroxy-2b-(morpholin-4-yl)-16b-(pyrrolidin-1-yl)-5a-androstan-17b-yl acetate.
2 2b-(Morpholin-4-yl)-16b-(pyrrolidin-1-yl)-5a-androstan-3a,17b-diol.
3 1-[3a,17b-Bis(acetyloxy)-2b-(pyrrolidin-1-yl)-5a-androstan-16b-yl]-1-(prop-2-enyl)pyrrolidinium.
4 1-[3a,17b-Bis(acetyloxy)-2b-(morpholin-4-yl)-5a-androstan-16b-yl]-1-(prop-2-enyl)pyrrolidinium.
5 1-[3a-(Acetyloxy)-17b-hydroxy-2b-(morpholin-4-yl)-5a-androstan-16b-yl]-1-(prop-2-enyl)pyrrolidinium.
6 1-[17b-(Acetyloxy)-2-(morpholin-4-yl)-3-oxo-5a-androst-1-en-16b-yl]-1-(prop-2-enyl)pyrrolidinium.
7 1-[3a,17b-Dihydroxy-2b-(morpholin-4-yl)-5a-androstan-16b-yl]-1-(prop-2-enyl)pyrrolidinium.
8 1-[17b-(Acetyloxy)-3a-hydroxy-2b-(pyrrolidin-1-yl)-5a-androstan-16b-yl]-1-(prop-2-enyl)pyrrolidinium.

&1S (USP32)
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BRIEFING

Simethicone Emulsion, USP 31 page 3233. On the basis of
comments received about the difficulties in obtaining reproducible
results for the Assay, it is proposed to revise the Assay preparation to
increase the shaking time and also to replace the use of a separator
with a centrifugation at 1500 6 g. It is proposed to add Notes to
emphasize the importance of using glass apparatus and the
importance of properly mixing the sample. It is also proposed to
provide recommendations for cleaning the spectrophotometer cell. In
addition, editorial style changes are made in which cross references
are replaced by a complete detailed procedure.

Comments were received, indicating that these proposed changes
might also be applicable to the Assay sections in USP monographs
for simethicone-containing dosage forms. Interested parties are
encouraged to submit proposals to the MD-GRE Expert Committee.

(MD-GRE: E. Gonikberg) RTS—C61707

Change to read:

Assay—Transfer an accurately weighed quantity of Emulsion,
equivalent to about 50 mg of simethicone, to a round, narrow-
mouth, screw-capped, 120-mL bottle, add 25.0 mL of toluene, and
swirl to disperse. Proceed as directed in the Assay under
Simethicone, beginning with ‘‘Add 50 mL of dilute hydrochloric
acid.’’

&[NOTE—Use glass apparatus only; avoid use of plasticware.

Proper mixing of the Emulsion prior to sampling and testing

is crucial.]

Standard preparation—Prepare by treating a 25.0-mL

portion of a solution of USP Polydimethylsiloxane RS in

toluene, having a known concentration of about 2 mg per mL,

as described below for the Assay preparation.

Assay preparation—Transfer an accurately weighed quan-

tity of Emulsion, equivalent to about 50 mg of simethicone, to

a round, screw-capped, 120-mL bottle, add 25.0 mL of

toluene, and swirl to disperse. Add 50 mL of dilute

hydrochloric acid (2 in 5), close the bottle securely with a

cap having an inert liner, vigorously shake by hand for 5

seconds, and then shake on a reciprocating shaker at a

suitable rate (e.g., about 200 oscillations per minute and a

stroke of 38+ 2 mm) [NOTE—The recommended shaking

time is about 20 minutes, which can be adjusted as needed.].

Centrifuge the mixture at 1500 6g for 30 to 40 minutes,

remove from the centrifuge, and immediately transfer about 5

mL of the upper organic (toluene) layer to a 15-mL screw-

capped test tube, containing about 1 g of anhydrous sodium

sulfate. Close the tube with a screw-cap having an inert liner,

and agitate vigorously. Centrifuge the mixture for about 10

minutes at 1500 6g.

Procedure—Prepare a procedural blank by similarly

treating 25.0 mL of toluene. Concomitantly determine the

absorbances of the solutions in 0.5-mm cells at the

wavelength of maximum absorbance at about 7.9 mm (1259

cm-1), with an IR spectrophotometer, using the blank to set the

instrument. [NOTE—Wash the cell with copious amounts of

toluene, to insure that there is no carryover or resi-

due.]&1S (USP32)

Calculate the quantity, in mg, of [–(CH3)2SiO–]n in each g of the
Emulsion taken by the formula:

(25C/S)(AU /AS)

in which C is the concentration, in mg per mL, of USP
Polydimethylsiloxane RS in the Standard preparation; S is the
weight, in g, of Emulsion taken; and AU and AS are the absorbances
of the Assay preparation and the Standard preparation, respectively.

BRIEFING

Simethicone Tablets, USP 31 page 3234, and page 948 of PF
33(5) [Sept.–Oct. 2007]. It is proposed to clarify the medium to be
used in the test for Disintegration.

(BPC: M. Marques) RTS—C63416

Change to read:

Disintegration h701i: 30 minutes

&in water;&1S (USP32)
60 minutes

&in water&1S (USP32)
for plain-coated Tablets; and 45 minutes

&in simulated gastric fluid&1S (USP32)
for Tablets labeled as gelatin-coated., simulated gastric fluid being
used as the medium.

&

&1S (USP32)

Delete the following:

&Defoaming activity—
Foaming solution—Dissolve 500 mg of FD&C Blue No. 1 and 1 g

of octoxynol 9 in 100 mL of water, except that where the Tablets are
labeled as gelatin-coated, use 0.1N hydrochloric acid instead of
water.
Procedure—[NOTE—For each test, employ a clean, unused, 250-

mL glass jar.] Transfer a quantity of finely powdered Tablets,
equivalent to 20 mg of simethicone, to a clean, unused, cylindrical
250-mL glass jar, fitted with a 50-mm cap, containing 100 mL of
Foaming solution that has been warmed to 378. Proceed as directed

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
652 IN-PROCESS REVISION Vol. 34(3) [May–June 2008]



Black plate (653,1)

for Procedure in the test for Defoaming activity under Simethicone,
beginning with ‘‘Cap the jar.’’ The defoaming activity time does not
exceed 45 seconds.&2S (USP31)

BRIEFING

Sodium Fluoride, USP 31 page 3249. It is proposed to add a
NOTE in the Assay, to emphasize the importance of the heating step
to dissolve the analyte.

(MD-GRE: E. Gonikberg) RTS—C63258

Change to read:

Assay—To 80.0 mg of Sodium Fluoride add a mixture of 5 mL of
acetic anhydride and 20 mL of glacial acetic acid, and heat to
dissolve.

&[NOTE—The heating step to dissolve the sodium fluoride in

the acetic acid mixture is critical. It is recommended to heat

for a minimum of 30 minutes and use sonication if necessary,

to make sure dissolution is complete prior to the titration

step.]&1S (USP32)
Allow to cool, and add 20 mL of dioxane. Add 1 drop of crystal
violet TS, and titrate with 0.1N perchloric acid VS to a green
endpoint. Perform a blank determination, and make any necessary
correction. Each mL of 0.1N perchloric acid is equivalent to 4.199
mg of NaF.

BRIEFING

Stavudine, USP 31, page 3272. It is proposed to reformat the
acceptance criteria for Specific rotation to be consistent with that of
the Stavudine Capsules monograph.

(MD–AA: B. Davani; M. Puderbaugh) RTS—C63557

Change to read:

Specific rotation h781i:
&h781Si:&1S (USP32)
between –458 and –408,

&between –40 and –458,&1S (USP32)
calculated on the anhydrous basis, determined in a solution in water
containing 10 mg per mL.

BRIEFING

Sulfasalazine, USP 31 page 3303; Sulfasalazine Tablets, USP 31
page 3304. As previously published on page 3178 of PF 9(4) [July–
Aug. 1983], the original TLC test in the Assay was replaced with a
UV method. The Identification test refers to the Standard
preparation and Assay preparation in the original Assay procedure.
On the basis of comments received, it is proposed to include the
original Standard and Assay preparations in Identification test B.

(MD-AA: B. Davani; H. Ramanathan) RTS—C62774

Identification—
A: Infrared Absorption h197Ki.
B: The visible absorption spectrum of the solution from the

Assay preparation, prepared as directed in the Assay,

&Test solution&1S (USP32)
exhibits maxima and minima at the same wavelengths as that of the
solution from the Standard preparation,prepared as directed in the
Assay

&Standard solution,&1S (USP32)
concomitantly measured.

&Standard solution—Dissolve an accurately weighed

quantity of USP Sulfasalazine RS in dimethylformamide to

obtain a solution having a known concentration of about 12

mg per mL.

Test solution—Transfer about 600 mg of Sulfasalazine,

accurately weighed, to a 50-mL volumetric flask, dissolve in

and dilute with dimethylformamide to volume, and

mix.&1S (USP32)

BRIEFING

Sulfasalazine Tablets, USP 31 page 3304—See briefing under
Sulfasalazine.

(MD-AA: B. Davani; H. Ramanathan) RTS—C62747

Change to read:

Identification—The visible absorption spectrum of the solution
from the Assay preparation, prepared as directed in the Assay,

&Test solution&1S (USP32)
exhibits maxima and minima at the same wavelengths as that of the
Standard preparation, prepared as directed in the Assay and

&Standard solution,&1S (USP32)
concomitantly measured.
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&Standard solution—Dissolve an accurately weighed

quantity of USP Sulfasalazine RS in dimethylformamide to

obtain a solution having a known concentration of about 12

mg per mL.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 600 mg of sulfasalazine, to a

50-mL beaker, add about 30 mL of dimethylformamide,

break up any lumps with a glass rod, stir, and transfer the

mixture to a 50-mL volumetric flask. Dilute with dimethyl-

formamide to volume, mix, filter, and use the filtrate.&1S (USP32)

BRIEFING

Triamterene Capsules, USP 31 page 3448. On the basis of
comments received, it is proposed to revise the Assay test procedure
and also to add a Related compounds test method. The revision is
based on validated procedures approved by the FDA, and is intended
to provide test methods that are stability indicating and suitable for
quantitating the impurities in the finished product. The test for
Related compounds and the Assay employs an HPLC method using a
Supelcosil C18 DB, ODS, 5-mm column of packing L1.
A m-Bondapak column (from the Waters Corporation) of packing
L1 is also suitable. The typical retention time of the active ingredient
is about 7 minutes.

(MD-CV: S. Ramakrishna) RTS—C42617

Change to read:

USP Reference standards h11i—USP Triamterene RS.

&USP Triamterene Related Compound A RS. USP Triamter-

ene Related Compound B RS. USP Triamterene Related

Compound C RS.&1S (USP32)

Add the following:

&Related compounds—

Buffer solution, Mobile phase, System suitability solution

and Chromatographic system—Proceed as directed under the

Assay.

Standard solution—Transfer a known quantity of about 50

mg, accurately weighed, of each of USP Triamterene RS,

USP Triamterene Related Compound A RS, USP Triamterene

Related Compound B RS, and USP Triamterene Related

Compound C RS into a 100-mL volumetric flask. Add

approximately 4 mL of acetonitrile, and swirl the flask to wet

the contents. Add 4 mL of water and swirl the flask to create a

suspension. Add 2 drops (approximately 0.1 mL) of

phosphoric acid directly into the suspension, followed by

the addition of 50 mL of water. Shake for 15 minutes on a

mechanical shaker. Warm the contents of the flask in a hot

water bath (not higher than 608) until the bulk of the material

has dissolved (about 3 minutes or longer). Dissolve and dilute

with water to volume, and mix well. Filter through a 0.45-mm

suitable membrane filter. Dilute quantitatively, and stepwise if

necessary, with water to obtain a solution having a known

concentration of about 0.5 mg per mL of each of the reference

standards.

Test solution—Use the Assay preparation.

Procedure—Inject equal quantities of about 10 mL of the

Standard solution and the Test solution into the chromato-

graph, and measure the peak responses. Calculate the

percentage of known triamterene related compounds A, B

and C in each Capsule taken by the formula:

100(CS /CU) (rU / rS)

in which CS is the concentration, in mg per mL, of the

respective USP triamterene related compound RS in the

Standard solution; CU is the concentration, in mg per mL, of

triamterene in the Test solution; and rU and rS are the peak

responses of each impurity obtained from the Test solution

and the Standard solution respectively. Calculate any other

unknown impurity in the portion of the Capsule taken using

the formula:

100(CS /CU) (rU / rS)

in which CS is the concentration, in mg per mL, of the USP

Triamterene RS in the Standard solution; CU is the

concentration, in mg per mL, of triamterene in the Test

solution; rU is the peak response of any other unknown

impurity obtained from the Test solution; and rS is the peak
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response of the USP Triamterene RS in the Standard solution:

not more than 0.2% of triamterene related compound A is

found; not more than 0.2% of triamterene related compound

B is found; not more than 0.2% of triamterene related

compound C is found; not more than 0.2% of any other

unknown individual impurity is found; and the sum of all

impurities is not more than 1.0%.&1S (USP32)

Change to read:

Assay—
Buffer solution and Mobile phase—Proceed as directed in the

Assay under Triamterene and Hydrochlorothiazide Tablets.
Standard preparation—Transfer about 50 mg of USP Triamterene

RS, accurately weighed, to a 100-mL volumetric flask. Add 10 mL
of acetonitrile, 10 mL of water, and 5 mL of glacial acetic acid,
sonicating for 3 minutes after each addition. Cool to room
temperature, dilute with water to volume, and mix.
Assay preparation—Remove, as completely as possible, the

contents of 20 Capsules, combine the contents, and transfer an
accurately weighed portion of powder, equivalent to about that
which is in one dosage unit, to a 100-mL volumetric flask (Flask 1).
To a separate 100-mL volumetric flask, add all 20 capsule shells
(Flask 2). For each flask, add 10 mL of acetonitrile, and sonicate for
10 minutes. Add 10 mL of boiling water, sonicate for 5 minutes, and
mix. Add 10 mL of glacial acetic acid, sonicate for 10 minutes, and
mix. Add 60 mL of water, mix, and allow to cool to room
temperature. Dilute the contents of Flask 2 with water to volume,
and add 5.0 mL of the solution from Flask 2 to Flask 1. Dilute the
contents of Flask 1 with water to volume, and mix. If necessary,
quantitatively dilute with a solution of acetonitrile, glacial acetic
acid, and water (10 : 10 : 80) to obtain a final concentration of about
0.5 mg per mL. Filter a portion of this solution, discarding the first
3 mL of the filtrate.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 280-nm detector and a
3.9-mm 6 30-cm column that contains packing L1. The flow rate is
about 1 mL per minute. Chromatograph the Standard preparation,
and record the peak responses as directed for Procedure: the tailing
factor is not more than 2.0; and the relative standard deviation for
replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses of the
major peaks. Calculate the quantity, in mg, of triamterene (C12H11N7)
in the portion of Capsules taken by the formula:

CV(rU / rS),

in which C is the concentration, in mg per mL, of USP Triamterene
RS in the Standard preparation; V is the sample dilution volume, in
mL, considering the 100-mL volume of the solution in Flask 1 and
any subsequent dilution factor, if used; and rU and rS are the peak
responses obtained from the Assay preparation and the Standard
preparation, respectively.

&Buffer solution—Dissolve 6.8 g of sodium phosphate

monobasic monohydrate (taken in a 1-L flask) in about 900

mL of water. To this solution, add 1.43 g of propylamine

hydrochloride, and adjust the pH to 5.5 with 1M sodium

hydroxide. Dilute with water to volume, and mix well.

Mobile phase—Prepare a filtered and degassed mixture of

the Buffer solution and acetonitrile (80 : 20). Make adjust-

ments if necessary (see System Suitability under Chromatog-

raphy h621i).

Blank solution—Place 4 mL of acetonitrile and 4 mL of

water in a 100-mL flask. Add 2 drops (approximately 0.l mL)

of phosphoric acid. Dilute with water to volume, and mix

well. Filter through a suitable 0.45-mg membrane filter.

System suitability solution—Accurately weigh about 5 mg

of the USP Triamterene Related Compound C RS and 50 mg

of USP Triamterene RS into two separate 100-mL volumetric

flasks. Add approximately 4 mL of acetonitrile into each flask

to wet the material. Add approximately 4 mL of water into

each flask to create a suspension. Add 2 drops (approximately

0.l mL) of phosphoric acid directly into the suspension in

each flask. Add approximately 50 mL of water into each

flask. Shake for 15 minutes on a mechanical shaker. Warm the

contents of the flasks in a hot water bath (not higher than

608), until the bulk of the material has dissolved (about

3 minutes or longer). Dissolve and dilute with water to

volume, and mix well. Dilute with water appropriate portions

of these solutions taken in a suitable volumetric flask,

quantitatively and stepwise if necessary, to obtain a solution

having a known concentration of 500 mg of USP Triamterene

RS and 0.5 mg of USP Triamterene Related Compound C.

Filter through a suitable 0.45-mm membrane filter.

Standard Preparation—Accurately weigh about 50 mg of

USP Triamterene RS into a 100-mL volumetric flask. Add

approximately 4 mL of acetonitrile, and swirl to wet the

material. Add 4 mL of water, and swirl to create a suspension.

Add 2 drops of phosphoric acid into the suspension.

[Caution: Make sure that the phosphoric acid is not just

adhering to the sides of the flask.] Add approximately 50 mL

of water into the flask, and shake for 15 minutes on a

mechanical shaker. Warm the contents of the flasks in a hot

water bath (not higher than 608) until the bulk of the material
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has dissolved (about 3 minutes or longer). Dissolve and dilute

with water to volume, and mix well. Filter through a suitable

0.45-mm membrane filter.

Assay preparation—Remove, as completely as possible,

the contents of not fewer than 10 Capsules, and weigh.

Transfer an accurately weighed portion of the powder,

equivalent to about 500 mg of triamterene, to a 1000-mL

volumetric flask. Wash the empty shells with 40 mL of

acetonitrile, and add to the volumetric flask. Swirl the flask to

wet the powder. Add 20 mL of water, and swirl the flask to

create a suspension. Add 20 drops (approximately 1 mL) of

phosphoric acid directly into the suspension. Add approxi-

mately 500 mL of water, and mix well. Shake well for 15

minutes on a mechanical shaker. Place in a hot water bath (not

higher than 608), until the bulk of the material has dissolved

(about 3 minutes or longer). Cool to room temperature slowly

(do not place in cold water bath). Dissolve and dilute with

water to volume, and mix well. (The final solution could be

slightly cloudy). Filter the solution through a suitable 0.45-

mm membrane filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 4.0-mm6 300-mm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the System suitability solution and the Standard preparation,

and record the peak responses as directed for Procedure: the

resolution between triamterene and triamterene related

compound C is not less than 3; the tailing factor for

triamterene is not more than 2.5; and the relative standard

deviation for replicate injections of the Standard preparation

is not more than 2.0%.

Procedure—Inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, record the chromatogram, and measure the

peak responses. Calculate the percentage of C12H11N7 in the

portion of Tablets taken by the formula:

100 (r U / rS)(CS /CU)

in which rU is the peak response of triamterene obtained from

the Assay preparation; rS is the response of the corresponding

peak in the Standard preparation; and CS and CU are the

concentrations, in mg per mL, of triamterene in the Standard

preparation and the Assay preparation, respectively.&1S (USP32)

BRIEFING

Zidovudine, USP 31 page 3539. In order to allow flexibility in
meeting system suitability requirements, it is proposed to state that
the dimensions of the guard column used in the test for
Chromatographic purity and in the Assay are recommendations.

(MD-AA: B. Davani; M. Puderbaugh) RTS—C62843

Change to read:

Assay—
Mobile phase—Prepare a filtered and degassed mixture of water

and methanol (80 : 20). Make adjustments if necessary (see System
Suitability under Chromatography h621i).
Standard stock solution—Dissolve an accurately weighed quantity

of USP Zidovudine RS in methanol, and dilute quantitatively, and
stepwise if necessary, with methanol to obtain a solution having a
known concentration of about 1.0 mg per mL.
Zidovudine related compound B standard stock solution—

Dissolve an accurately weighed quantity of USP Zidovudine Related
Compound B RS in methanol, and dilute quantitatively, and stepwise
if necessary, with methanol to obtain a solution having a known
concentration of about 0.1 mg per mL.
Zidovudine related compound C standard stock solution—

Transfer about 20 mg of USP Zidovudine Related Compound C
RS, accurately weighed, to a 100-mL volumetric flask, add 75 mL of
methanol, sonicate for 15 minutes, dilute with methanol to volume,
and mix.
Standard preparation—Transfer 10.0 mL of Standard stock

solution, 1.0 mL of Zidovudine related compound B standard
stock solution, and 1.0 mL of Zidovudine related compound C
standard stock solution to a 100-mL volumetric flask, dilute with
methanol to volume, and mix.
Assay preparation—Transfer about 100 mg of Zidovudine,

accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with methanol to volume, and mix. Transfer 10.0 mL of this
solution to a 100-mL volumetric flask, dilute with methanol to
volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 265-nm detector and a
4.0-mm 6 25-cm column that contains packing L1 and a 3.2-mm
6 1.5-cm guard column containing packing L1.

&guard column with recommended dimensions of 3.2 mm

6 1.5 cm containing packing L1.&1S (USP32)
The flow rate is about 1.0 mL per minute. Chromatograph the
Standard preparation, and record the peak responses as directed for
Procedure: the relative retention times are about 0.25 for zidovudine
related compound C (thymine), 1.0 for zidovudine, and 1.17 for
zidovudine related compound B (3’-chloro-3’-deoxythymidine); the
resolution, R, between zidovudine and zidovudine related compound
B is not less than 1.4; the tailing factor is not more than 1.5; and the
relative standard deviation for replicate injections is not more than
2.0%.
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Procedure—Separately inject equal volumes (about 10 mL) of the
Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of C10H13N5O4 in the
portion of Zidovudine taken by the formula:

1000C(rU / rS)

in which C is the concentration, in mg per mL, of USP Zidovudine
RS in the Standard preparation; and rU and rS are the peak responses
obtained from the Assay preparation and the Standard preparation,
respectively.

BRIEFING

Zidovudine Capsules, USP 31 page 3540. It is proposed to
reformat the Related compounds and Assay sections to eliminate
cross-references to other monographs. Additionally, the dimensions
of the guard column used for these analyses have been clarified as
recommendations to allow for flexibility in meeting system
suitability requirements.

(MD–AA: B. Davani; M. Puderbaugh) RTS—C62843

Change to read:

Related compounds—
Mobile phase, Standard stock solution, Zidovudine related

compound C standard stock solution, and Chromatographic
system—Proceed as directed in the Assay. under Zidovudine

&

&1S (USP32)
Standard solution—Proceed as directed for Standard preparation

in the Assay.
Test solution—Proceed as directed for Assay preparation in the

Assay.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the quantity, in mg, of zidovudine related compound C
(thymine) in the portion of Capsules taken by the formula:

1000C[(rU / rS)/Q]

in which C is the concentration, in mg per mL, of USP Zidovudine
Related Compound C RS in the Standard solution; rU and rS are the
peak responses of zidovudine related compound C (thymine)
obtained from the Test solution and the Standard solution,
respectively; and Q is the quantity, in mg, of zidovudine in the
portion of Capsules taken, as determined in the Assay: not more than
3.0% is found.

Change to read:

Assay—
Mobile phase, Standard stock solution, and Zidovudine related

compound C standard stock solution—Prepare as directed in the
Assay under Zidovudine.

&Mobile phase—Prepare a filtered and degassed mixture of

water and methanol (80 : 20). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Standard stock solution—Dissolve an accurately weighed

quantity of USP Zidovudine RS in methanol, and dilute

quantitatively, and stepwise if necessary, with methanol to

obtain a solution having a known concentration of about 1.0

mg per mL.

Zidovudine related compound C standard stock solution—

Transfer about 20 mg of USP Zidovudine Related Compound

C RS, accurately weighed, to a 100-mL volumetric flask, add

75 mL of methanol, sonicate for 15 minutes, dilute with

methanol to volume, and mix.&1S (USP32)
Standard preparation—Transfer 10.0 mL of Standard stock

solution and 1.0 mL of Zidovudine related compound C standard
stock solution to a 100-mL volumetric flask, add 25 mL of water,
mix, dilute with methanol to volume, and mix.
Assay preparation—Weigh the contents of not fewer than 20

Capsules, mix, and transfer an accurately weighed portion of the
powder, equivalent to about 100 mg of zidovudine, to a 100-mL
volumetric flask. Dissolve in a mixture of methanol and water
(75 : 25), sonicate for 20 minutes, and dilute with a mixture of
methanol and water (75 : 25) to volume. Allow the solids to settle,
and transfer 10.0 mL of the supernatant layer to a 100-mL
volumetric flask. Dilute with a mixture of methanol and water
(75 : 25) to volume, and filter, discarding the first 4 mL of the filtrate.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 265-nm detector, a
4.0-mm 6 25-cm column that contains packing L1 and a 3.2-mm
6 1.5-cm guard column containing packing L1

&guard column with recommended dimensions of 3.2 mm

6 1.5 cm containing packing L1.&1S (USP32)
The flow rate is about 1.0 mL per minute. Chromatograph the
Standard preparation, and record the peak responses as directed for
Procedure: the relative retention times are about 0.2 for zidovudine
related compound C (thymine) and 1.0 for zidovudine; the
resolution, R, between zidovudine and zidovudine related compound
C (thymine) is not less than 5.0; the tailing factor is not more than
2.0; and the relative standard deviation for replicate injections is not
more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of zidovudine
(C10H13N5O4) in the portion of Capsules taken by the formula:

1000C(rU / rS)

in which C is the concentration, in mg per mL, of USP Zidovudine
RS in the Standard preparation; and rU and rS are the peak responses
obtained from the Assay preparation and the Standard preparation,
respectively.
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BRIEFING

Zidovudine Injection, USP 31 page 3541. It is proposed to
reformat the Related compounds and Assay sections to eliminate
cross-references to other monographs. Additionally, the dimensions
of the guard column used for these analyses have been clarified as
recommendations to allow flexibility to meet system suitability
requirements.

(MD-AA: B. Davani; M. Puderbaugh) RTS—C62843

Change to read:

Related compounds—
Mobile phase, Standard stock solution, Zidovudine related

compound C standard stock solution, and Chromatographic
system—Proceed as directed in the Assay under Zidovudine.

&Assay.&1S (USP32)
Standard solution—Transfer 10.0 mL of Standard stock solution

and 1.0 mL of Zidovudine related compound C standard stock
solution to a 100-mL volumetric flask, add 25 mL of water, mix,
dilute with methanol to volume, and mix.
Test solution—Proceed as directed for Assay preparation in the

Assay.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the quantity, in mg, of zidovudine related compound C
(thymine) in the volume of Injection taken by the formula:

1000C [(rU / rS) /Q]

in which C is the concentration, in mg per mL, of USP Zidovudine
Related Compound C RS in the Standard solution; rU and rS are the
peak responses of zidovudine related compound C (thymine)
obtained from the Test solution and the Standard solution,
respectively; and Q is the quantity, in mg, of zidovudine in the
volume of Injection taken, as determined in the Assay: not more than
1.0% is found.

Change to read:

Assay—
Mobile phase, Standard stock solution, Zidovudine related

compound C standard stock solution, and Chromatographic
system—Proceed as directed in the Assay under Zidovudine.

&Mobile phase—Prepare a filtered and degassed mixture of

water and methanol (80 : 20). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Standard stock solution—Dissolve an accurately weighed

quantity of USP Zidovudine RS in methanol, and dilute

quantitatively, and stepwise if necessary, with methanol to

obtain a solution having a known concentration of about 1.0

mg per mL.

Zidovudine related compound C standard stock solution—

Transfer about 20 mg of USP Zidovudine Related Compound

C RS, accurately weighed, to a 100-mL volumetric flask, add

75 mL of methanol, sonicate for 15 minutes, dilute with

methanol to volume, and mix.&1S (USP32)
Standard preparation—Transfer 10.0 mL of Standard stock

solution and 2.0 mL of Zidovudine related compound C standard
stock solution to a 100-mL volumetric flask, add 25 mL of water,
mix, dilute with methanol to volume, and mix.
Assay preparation—Transfer an accurately measured volume of

Injection, equivalent to about 25 mg of zidovudine, to a 250-mL
volumetric flask, dissolve in and dilute withMobile phase to volume,
and mix.

&Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 265-nm detector

and a 4.0-mm 6 25-cm column that contains packing L1 and

a guard column with the recommended dimensions of

3.2-mm 6 1.5-cm containing packing L1. The flow rate is

about 1.0 mL per minute. Chromatograph the Standard

preparation, and record the peak responses as directed for

Procedure: the relative retention times are about 0.2 for

zidovudine related compound C (thymine) and 1.0 for

zidovudine; the resolution, R, between zidovudine and

zidovudine related compound C (thymine) is not less than

5.0; the tailing factor is not more than 1.5; and the relative

standard deviation for replicate injections is not more than

2.0%.&1S (USP32)
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of zidovudine
(C10H13N5O4) in the volume of Injection taken by the formula:

1000C(rU / rS)

in which C is the concentration, in mg per mL, of USP Zidovudine
RS in the Standard preparation; and rU and rS are the peak responses
obtained from the Assay preparation and the Standard preparation,
respectively.
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DIETARY SUPPLEMENTS—
MONOGRAPHS

BRIEFING

Grape Seeds Oligomeric Proanthocyanidins. A new monograph
is being proposed. The liquid chromatographic procedures in the test
for Limit of catechin and epicatechin are based on analyses
performed with the Supelcosil brand of L1 column, with 5-mm
packing. The typical retention times observed are about 15.5 and
22.2 minutes for (+)-catechin and (–)-epicatechin, respectively. The
liquid chromatographic procedures in the test for Content of
oligomeric proanthocyanidins are based on analyses performed
with the PLGel brand of L21 column, with 5-mm, 500 Å packing.
The typical retention times observed are about 6.9, 7.6, and 9.0
minutes for the broad peak due to oligomeric proanthocyanidins,
monomeric catechins, and internal standard, respectively.

(DSB: M. Sharaf) RTS—C41186

Add the following:

&Grape Seeds Oligomeric
Proanthocyanidins

» Grape Seeds Oligomeric Proanthocyanidins is a

fraction prepared from the ripe seeds of Vitis

vinifera L. (Fam. Vitaceae) using suitable solvents

such as alcohol, acetone, water, or mixtures of

these solvents. The ratio of the starting plant

material to the fraction is between 70 : 1 and 10 : 1.

It contains not less than 75.0 percent of oligomeric

proanthocyanidins and not more than 19.0 percent

of the sum of (+)-catechin and (–)-epicatechin,

calculated as (+)-catechin on the anhydrous basis.

Packaging and storage—Preserve in well-closed containers,

protected from light and moisture, and store at controlled

room temperature.

Labeling—The label states the Latin binomial and, following

the official name, it states "Grape Seeds Oligomeric

Proanthocyanidins". It meets other labeling requirements

under Botanical Extracts h565i.

USP Reference standards h11i—USP (+)-Catechin RS. USP

Grape Seeds Oligomeric Proanthocyanidins RS. USP Puri-

fied Grape Seeds Oligomeric Proanthocyanidins.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Standard solution—Dissolve a quantity of USP Grape

Seeds Oligomeric Proanthocyanidins RS in methanol, using

sonication, to obtain a solution having a concentration of

about 5 mg per mL. Centrifuge if necessary, and use the clear

supernatant. [NOTE—Prepare fresh.]

Test solution—Proceed as directed for the Standard

solution, except to use the Grape Seeds Oligomeric

Proanthocyanidins.

Adsorbent—Use chromatographic silica gel with an

average particle size of 5 mm and a layer thickness of about

0.2 mm (HPTLC plates).

Application volume: 15 mL, in bands 1.5 cm long.

Spray reagent—Dissolve about 100 mg of vanillin in 3-mL

of methanol using sonication, add about 3 mL of hydrochloric

acid, dilute with methanol to 10 mL, and carefully mix under

cold water. [NOTE—Prepare fresh.]

Developing solvent system: a mixture of acetone, toluene,

and formic acid (15 : 15 : 5).

Procedure—Use a saturated chamber. Develop the chro-

matograms until the solvent has moved about 90% of the

length of the plate. Dry the plate, spray with the Spray

reagent, and dry. Examine the plate under visible light: the

chromatogram of the Test solution exhibits five main pink-

violet bands that correspond in color and RF to those in the

chromatogram of the Standard solution. The approximate RF

values are 0.20, 0.28, 0.31, 0.43, and 0.49, corresponding to

trimeric proanthocyanidins, proanthocyanidin-B2 3’-O-gal-

late, B-type dimeric proanthocyanidins (B1, B2, B3, B4), (–)-
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epicatechin-3-O–gallate, and the two monomers (+)-catechin

and (–)-epicatechin, respectively. The most intense bands are

the ones for the monomers and dimers. The least intense band

is the one for (–)-epicatechin-3-O-gallate. Other pink-violet

zones of varying intensities are observed in the chromato-

grams of the Test solution and the Standard solution.

B: The chromatogram of the Test solution obtained in the

test for Limit of catechin and epicatechin exhibits peaks due

to gallic acid, proanthocyanidin dimer B1, (+)-catechin,

proanthocyanidin dimer B2, (–)-epicatechin, (–)-epicatechin-

3-O-gallate, and a broad peak due to other oligomeric

proanthocyanidins at retention times corresponding to those

in the chromatogram of Standard solution 2, as obtained in

the test for Limit of catechin and epicatechin.

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 104 cfu per g. The total combined yeast

and mold count does not exceed 103 cfu per g.

Absence of specified microorganisms h2022i—It meets the

requirements of the tests for absence of Salmonella species

and Escherichia coli.

Water, Method Ia h921i: not more than 8.0%.

Residue on ignition h281i: not more than 0.5%, deter-

mined on 5.0 g.

Water insoluble fraction—Transfer about 1 g, accurately

weighed, to a suitable flask, add 100 mL of water, and shake

vigorously for 15 minutes. Pass the solution through a

previously tared sintered-glass filter, wash the flask with 30

mL of water, and transfer the washings to the filter. Wash the

filter with 30 mL of water in 5-mL portions. Dry the filter for

2 hours at 1058, cool in a desiccator, and weigh. Calculate the

percentage of the water insoluble fraction: not more than 2%

is found.

Pesticide residues h561i: meets the requirements.

Heavy metals, Method II h231i: not more than 10 mg per g.

Limit of catechin and epicatechin—

Solution A—Use acetonitrile.

Solution B—Use a 0.3% aqueous solution of 85%

phosphoric acid.

Solvent—Prepare a mixture of Solution A and Solution B

(1 : 9).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard solution 1—Dissolve, using sonication, an

accurately weighed quantity of USP (+)-Catechin RS in

Solvent to obtain a solution having a known concentration of

about 0.5 mg per mL.

Standard solution 2—Dissolve, using sonication, an

accurately weighed quantity of USP Grape Seeds Oligomeric

Proanthocyanidins RS in Solvent to obtain a solution having a

known concentration of about 5 mg per mL. Centrifuge, and

use the clear supernatant.

Test solution—Proceed as directed for Standard solution 2,

except to use the Grape Seeds Oligomeric Proanthocyanidins.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 278-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 0.7 mL per minute. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–45 10?20 90?80 linear gradient

45–65 20?60 80?40 linear gradient

65–66 60?10 40?90 linear gradient

66–85 10 90 isocratic

Chromatograph Standard solution 2, and record the peak

responses as directed for Procedure: the chromatogram

obtained is similar to the Reference Chromatogram provided

with the lot of the USP Grape Seeds Oligomeric Proantho-

cyanidins RS being used. Chromatograph Standard solution

1, and record the peak responses as directed for Procedure:

the tailing factor determined for the (+)-catechin peak is not
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more than 2.0; and the relative standard deviation determined

from the (+)-catechin peak for replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of Standard solution 1 and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas of the (+)-catechin and the (–)-epicatechin peaks. The

approximate relative retention times of the peaks are 1.0 and

1.43 for (+)-catechin and (–)-epicatechin, respectively.

Calculate the percentages of (+)-catechin and (–)-epicatechin

in the portion of the Grape Seeds Oligomeric Proanthocya-

nidins taken by the formula:

100(CV /W)(rU / rS)

in which C is the concentration, in mg per mL, of USP (+)-

Catechin RS in Standard solution 1; V is the final volume, in

mL, of the Test solution; W is the weight, in mg, of Grape

Seeds Oligomeric Proanthocyanidins taken to prepare the Test

solution; rU is the sum of the peak responses obtained for (+)-

catechin and (–)-epicatechin in the Test solution; and rS is the

peak response obtained for (+)-catechin in Standard solution

1: not more than 19.0% is found.

Content of oligomeric proanthocyanidins—

Mobile phase—Prepare a filtered and degassed mixture of

tetrahydrofuran and an aqueous solution of lithium bromide

(about 1 mg per mL) (95 : 5). Make other adjustments if

necessary (see System Suitability under Chromatography

h621i).

Internal standard solution—Prepare a solution of butylated

hydroxytoluene in Mobile phase containing about 0.3 mg per

mL.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Purified Grape Seeds Oligomeric Proanthocya-

nidins RS in Internal standard solution to obtain a solution

having a known concentration of about 1.0 mg per mL.

Test solution—Dissolve an accurately weighed quantity of

Grape Seeds Oligomeric Proanthocyanidins in Internal

standard solution to obtain a solution having a known

concentration of about 1.0 mg per mL. Centrifuge, and use

the clear supernatant.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm

detector, and a 7.5-mm 6 30-cm column that contains 5-

mm, 500-Å L21 packing. The column temperature is

maintained at 25+18. The flow rate is about 1.0 mL per

minute. Chromatograph the Standard solution, and record the

peak responses as directed for Procedure: the chromatogram

obtained is similar to the Reference Chromatogram provided

with the lot of the USP Purified Grape Seeds Oligomeric

Proanthocyanidins RS being used; and the relative standard

deviation for replicate injections determined from the peak

response ratios of the oligomeric proanthocyanidins to the

internal standard is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas of the oligomeric proanthocyanidins and the internal

standard peaks in the Standard solution chromatogram. For

the Test solution chromatogram, measure the areas of the

internal standard peak and the broad peak eluting within

+10% of the retention time window of the oligomeric

proanthocyanidins peak in the Standard solution chromato-

gram. [NOTE—the monomer peak may be eluting on the tail of

the oligomeric proanthocyanidins peak. Exclude the area

corresponding to the monomer peak from the integration of

the oligomeric proanthocyanidins peak, using proper tech-

niques.] Calculate the percentage of the oligomeric proantho-

cyanidins in the portion of the Grape Seeds Oligomeric

Proanthocyanidins taken by the formula:

100(CS /CU)(RU /RS)

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 661



Black plate (662,1)

in which CS is the concentration, in mg per mL, of USP

Purified Grape Seeds Oligomeric Proanthocyanidins RS in

the Standard solution; CU is the concentration, in mg per mL,

of the Grape Seeds Oligomeric Proanthocyanidins in the Test

solution; and RU and RS are the peak response ratios of the

oligomeric proanthocyanidins to the internal standard ob-

tained from the Test solution and Standard solution,

respectively: not less than 75.0% is found.

Other requirements—It meets the requirements of the test

for Residual Solvents under Botanical Extracts

h565i.&1S (USP32)

BRIEFING

Omega-3 Acid Triglycerides. Because there is no USP
monograph for this dietary supplement ingredient, a new monograph
is being proposed. The test and specifications are based on those for
the Omega-3 Acid Triglyceride monograph in the European
Pharmacopoeia.

(DSN: L. Evans) RTS—C55688

Add the following:

&Omega-3 Acid Triglycerides

» Omega-3 Acid Triglycerides is a mixture of

mono-, di- and triesters of omega-3 acids with

glycerol containing mainly triesters and obtained

either by esterification of concentrated and purified

omega-3 acids with glycerol or by transesterifica-

tion of the omega-3 acid ethyl esters with glycerol.

The omega-3 acids are from the body oil of fish of

the families Engraulidae, Carangidae, Clupeidae,

Osmeridae, Salmonidae, and Scombridae and are

defined as the following: alpha-linolenic acid

(C18 : 3 n-3), moroctic acid (C18 : 4 n-3), eicosate-

traenoic acid (C20 : 4 n-3), eicosapentaenoic acid

(EPA) (C20 : 5 n-3), heneicosapentaenoic acid

(C21 : 5 n-3), docosapentaenoic acid (C22 : 5 n-3),

and docosahexaenoic acid (DHA) (C22 : 6 n-3). It

contains not less than 58.0 percent of total omega-

3 acids expressed as triglycerides and not less than

the labeled amount of EPA and DHA, expressed as

the free fatty acid. Suitable antioxidants in

appropriate concentrations may be added.

Packaging and storage—Preserve in tight, light-resistant

containers, and store at controlled room temperature. It may

be bottled or otherwise packaged in containers from which air

has been expelled by production of a vacuum or by an inert

gas.

Labeling—The label states the average content of DHA and

EPA as free acids, in mg per g, and the total content of

omega-3 acids as free acids, in mg per g. It also states the

name and concentration of any added antioxidant.

USP Reference standards h11i—USP Docosahexaenoic

Acid Ethyl Ester RS. USP Eicosapentaenoic Acid Ethyl Ester

RS. USP Methyl Tricosanoate RS.

Identification—

A: The retention times of the peaks for eicosapentaenoic

acid methyl ester and docosahexaenoic acid methyl ester

obtained in the chromatogram of the Test solution in the test

for Content of EPA and DHA and Content of total omega-

3 acids correspond to those for the respective compounds in

the chromatogram of the Standard solutions. If either EPA or

DHA is not claimed on the labeling, the peak corresponding

to that omega-3 acid does not exceed 15.0% of the total

detected area obtained in the chromatogram of the Test

solution in the test for Content of EPA and DHA and Content

of total omega-3 acids.
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B: The retention time of the peak corresponding to the

triglycerides obtained in the chromatogram of the Test

solution corresponds to the triglycerides peak in the

chromatogram obtained for the System suitability solution in

the Test for oligomers and partial glycerides.

Absorbance—Dilute 0.300 g to 50.0 mL with isooctane.

Quantitively transfer 2.0 mL of this solution to a 50-mL

volumetric flask, and dilute with isooctane to volume. The

absorbance is not more than 0.73, determined at 233 nm.

Anisidine value h401i: not more than 30.0.

Peroxide value h401i: not more than 10.0.

Unsaponifiable matter h401i: not more than 2.0%.

Other requirements—Meets the requirements of the tests for

Acid value, Limit of arsensic, Limit of lead, Limit of cadmium,

Limit of mercury, and Limit of dioxins, furans, and

polychlorinated biphenyls under Fish Oil Containing

Omega-3 Acids.

Test for oligomers and partial glycerides—

Mobile phase—Use tetrahydrofuran.

Test solution—Transfer about 10.0 mg of Omega-3 Acid

Triglycerides, accurately weighed, to a 10.0-mL volumetric

flask, dilute with Mobile phase to volume, and mix.

System suitability solution—Dissolve accurately weighed

quantities of monodocosahexaenoin, didocosahexaenoin, and

tridocosahexaenoin in Mobile phase, and dilute quantitative-

ly, and stepwise if necessary, with Mobile phase to obtain a

solution having known concentrations of about 0.5 mg per

mL, 0.3 mg per mL, and 0.2 mg per mL, respectively.

[NOTE—Suitable grades of monodocosahexaenoin, didocosa-

hexaenoin, and tridocosahexaenoin may be obtained from

Nu-Chek Prep.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a differential

refractometer detector and three 7.8-mm6 30-cm columns in

sequence that contain 7-mm packing L21. Two of the columns

have a pore size of 50 nm and the other, a pore size of 10 nm.

[NOTE—The columns are arranged such that the columns with

a pore size of 50 nm are closest to the injector.] The flow rate

is about 0.8 mL per minute. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the tridocosahexaenoin peak elutes first

followed by the didocosahexaenoin and monodocosahexae-

noin peaks; the resolution, R, between monodocosahexaenoin

and didocosahexaenoin is not less than 2.0; the resolution, R,

between didocosahexaenoin and tridocosahexaenoin is not

less than 1.0.

Procedure—Separately inject a volume (about 40 mL) of

the Test solution into the chromatograph, record the

chromatogram, and measure the responses for the major

peaks. Calculate the percentage of oligomers in the portion of

Omega-3 Acid Ttriglycerides by the formula:

100(ri / rs)

in which ri is the sum of all areas of the peaks with a retention

time less than that of the triglyceride peak, and rs is the sum of

all the peaks in the chromatogram: not more than 3.0% of

oligomers is found. Calculate the percentage of partial

glycerides (mono- and diglycerides) in the portion of

Omega-3 Acid Triglycerides by the formula:

100 (rg / rs)

in which rg is the sum of all areas of the mono- and

diglyceride peaks, and rs is the sum of all the peaks in the

chromatogram: not more than 50.0% of partial glycerides is

found.

Content of EPA and DHA and Content of total omega-

3 acids—Proceed as directed under Polyunsaturated Fatty

Acids Determination and Profile in Fats and Fixed Oils

h401i.&1S (USP32)
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category, NF 26
page 1057, page 3612 of the First Supplement, and page 320 of PF
34(2) [Mar.–Apr. 2008]. It is proposed to add Alpha-Lactalbumin to
the Buffering Agent, Bulking Agent for Freeze-Drying, Coating
Agent, Complexing Agent, Emulsifying and/or Solubilizing Agent,
Stiffening Agent, Suspending and/or Viscosity-Increasing Agent, Tab-
let Binder, Tablet and/or Capsule Diluent, and Vehicle (Solid Carrier)
categories to complement the proposed new monograph for Alpha-
Lactalbumin, which appears elsewhere in this issue of PF.

(EM1; EM2) RTS—C43220

Change to read:

Antimicrobial Preservative
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben
Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol

&Dehydroacetic Acid&2S (NF26)

~

Erythorbic Acid~NF27

Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:

Antioxidant
Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene

&Stannous Chloride&2S (NF26)

~

Erythorbic Acid~NF27

Hypophosphorous Acid
Monothioglycerol
Potassium Metabisulfite
Propyl Gallate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Change to read:

Buffering Agent
Acetic Acid
Adipic Acid
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid, Anhydrous
Citric Acid Monohydrate

&Alpha-Lactalbumin&1S (NF27)

Lactic Acid
Phosphoric Acid
Potassium Citrate
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic
Sodium Acetate
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid

Change to read:

Bulking Agent for Freeze-Drying
Creatinine

&Alpha-Lactalbumin&1S (NF27)
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Mannitol

~

Polydextrose~NF26

&Pullulan&2S (NF26)

&Trehalose&2S (NF26)

Change to read:

Coating Agent
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose, Sodium
Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)
Coconut Oil

&Hydrogenated Coconut Oil&1S (NF27)

Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose
Phthalate)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hyp rome l l o s e Ph t h a l a t e ( f o rme r l y Hyd r oxyp r opy l
Methylcellulose Phthalate)

&Alpha-Lactalbumin&1S (NF27)

Maltodextrin
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
Palm Kernel Oil

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol

&Polyvinyl Acetate&2S (NF26)

Polyvinyl Acetate Phthalate

&Pullulan&2S (NF26)
~

Fully Hydrogenated Rapeseed Oil~NF26
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Change to read:

Complexing Agent
Edetate Calcium Disodium
Edetate Disodium
Edetic Acid

&Alpha-Lactalbumin&1S (NF27)

Oxyquinoline Sulfate

Change to read:

Desiccant
Calcium Chloride
Calcium Sulfate

&Polyvinyl Acetate&2S (NF26)

Silicon Dioxide

Change to read:

Emollient
Alkyl (C12-15) Benzoate
~

Oleyl Oleate~NF26

&Hydrogenated Polydecene&1S (NF26)

Hydrogenated Soybean Oil

Change to read:

Emulsifying and/or Solubilizing Agent
Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol

&Stannous Chloride&2S (NF26)

Coconut Oil
Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates

&Gamma Cyclodextrin&2S (NF26)

Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate

&Alpha-Lactalbumin&1S (NF27)

Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
~

Oleyl Oleate~NF26

Palm Kernel Oil
Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
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Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)

&Propylene Glycol Monocaprylate&1S (NF26)

Propylene Glycol Monostearate
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid
Trolamine
Wax, Emulsifying

Change to read:

Glidant and/or Anticaking Agent
Calcium Silicate
Magnesium Silicate

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide, Colloidal
Talc

Change to read:

Humectant
Corn Syrup Solids
Erythritol
Glycerin
Hexylene Glycol

&Inositol&2S (NF26)

Maltitol
~

Polydextrose~NF26

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution

&Hydrogenated Starch Hydrolysate&2S (NF26)

Tagatose

Change to read:

Ointment Base
Caprylocaproyl Polyoxylglycerides
Diethylene Glycol Monoethyl Ether
Lanolin
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow

Oleoyl Polyoxylglycerides
Polyethylene Glycol Monomethyl Ether
Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White

&Hydrogenated Polydecene&1S (NF26)

Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II

Change to read:

Plasticizer
Acetyltributyl Citrate
Acetyltriethyl Citrate
Castor Oil
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol

&Pullulan&2S (NF26)

Sorbitol Sorbitan Solution
Triacetin
Tributyl Citrate
Triethyl Citrate

Change to read:

Polymer Membrane
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Cellaburate
Cellulose Acetate
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion

&Pullulan&2S (NF26)

Change to read:

Sequestering Agent
Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Gamma Cyclodextrin&2S (NF26)

Hydroxypropyl Betadex

&Pullulan&2S (NF26)

Sodium Tartrate

Change to read:

Solvent
Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
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Butyl Alcohol
Canola Oil
Caprylocaproyl Polyoxylglycerides
Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol
Isopropyl Alcohol
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone
Mineral Oil
Oleoyl Polyoxylglycerides
Peanut Oil

&Hydrogenated Polydecene&1S (NF26)

Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Sesame Oil
Stearoyl Polyoxylglycerides
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Change to read:

Stiffening Agent
Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Cetyl Palmitate
Hard Fat

&Alpha-Lactalbumin&1S (NF27)

Paraffin
Synthetic Paraffin
~

Fully Hydrogenated Rapeseed Oil~NF26
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

Change to read:

Suspending and/or Viscosity-Increasing Agent
Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer

Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose

Sodium

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)

&Alpha-Lactalbumin&1S (NF27)

Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin
Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate

&Pullulan&2S (NF26)

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
Starch, Potato
Starch, Tapioca
Starch, Wheat
Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent
Acesulfame Potassium
Aspartame
Aspartame Acesulfame

~

Corn Syrup~NF27

Corn Syrup Solids
High Fructose Corn Syrup
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution

&Hydrogenated Starch Hydrolysate&2S (NF26)
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Black plate (668,1)

Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose

&Trehalose&2S (NF26)

Change to read:

Tablet Binder
Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline

&Hydrogenated Coconut Oil&1S (NF27)

Copovidone

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate

&Alpha-Lactalbumin&1S (NF27)

Maltodextrin
Maltose
Methylcellulose

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Oxide

&Polyvinyl Acetate&2S (NF26)

Povidone

&Pullulan&2S (NF26)

Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

&Hydrogenated Starch Hydrolysate&2S (NF26)

Syrup

&Trehalose&2S (NF26)

Change to read:

Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Cellulose, Powdered

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin

&Alpha-Lactalbumin&1S (NF27)

Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol

&Propylene Glycol Monocaprylate&1S (NF26)

&Pullulan&2S (NF26)

Sorbitol
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

&Hydrogenated Starch Hydrolysate&2S (NF26)

Sucrose
Sugar, Compressible
Sugar, Confectioner’s

&Trehalose&2S (NF26)

Change to read:

Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline
Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium

&Pullulan&2S (NF26)

Sodium Starch Glycolate
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
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Black plate (669,1)

&Trehalose&2S (NF26)

Change to read:

Tablet and/or Capsule Lubricant
Calcium Stearate

&Hydrogenated Coconut Oil&1S (NF27)

Glyceryl Behenate
Magnesium Stearate
Mineral Oil, Light

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Sodium Lauryl Sulfate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Starch
Stearic Acid
Stearic Acid, Purified
Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate

Change to read:

Tonicity Agent

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Change to read:

Vehicle

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose
Peppermint Water
Sorbitol Solution
Syrup

&Trehalose&2S (NF26)

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil

&Hydrogenated Polydecene&1S (NF26)

Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER

Corn Syrup Solids

&Alpha-Lactalbumin&1S (NF27)

& Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)

&Propylene Glycol Monocaprylate&1S (NF26)

Sugar Spheres

STERILE

~

rAlbumin Human~NF27

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Change to read:

Wetting and/or Solubilizing Agent
Benzalkonium Chloride
Benzethonium Chloride
Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Pullulan&2S (NF26)

Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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Black plate (670,1)

MONOGRAPHS (NF)

BRIEFING

Alpha-Lactalbumin. Because there is no existing NF monograph
for this excipient, a new monograph, based on validated methods of
analysis, is being proposed. The size-exclusion HPLC procedure in
the Assay is based on analyses performed using the Phenomenex
Biosep 3000 SEC brand of L33 column; Alpha-lactalbumin elutes at
approximately 15 minutes on this system.

(EM2: H. Wang; NOM: A. Wilk; MSA: R. Tirumalai) RTS—
43220

Add the following:

&Alpha-Lactalbumin

C626H958N162O196S9 14178 [9051-29-0].

» Alpha-Lactalbumin is a lyophilized or spray-

dried powder of compact globular metalloprotein

that may contain a single bound calcium ion and is

capable of binding zinc and other metals. Alpha-

Lactalbumin is isolated either from bovine milk or

from whey, both of which should be from edible

sources suitable for human use. All materials

derived from bovine sources must originate from

countries free of bovine spongiform encephalopa-

thy. It contains alpha-lactalbumin at not less than

90.0 percent of the labeled total protein content.

The remainder consists mostly of beta lactoglobu-

lin. It may contain suitable stabilizers.

Packaging and storage—Preserve in tight containers, and

store at the temperature indicated on the label.

Labeling—Label it to state the protein content, expressed as

a total protein percentage on the dried basis. Indicate the type

of source material, expressed as bovine milk, whey, or both,

used to manufacture the final product. Label it to indicate the

storage conditions, the expiration date, and the name and

concentration of any added substances.

USP Reference standards h11i—USP Alpha-Lactalbumin

RS.

Identification—

A: SDS-Polyacrylamide gel electrophoresis—

Gel fixing solution—In a 1-L Pyrex bottle, thoroughly mix

500 mL of water, 400 mL of alcoholic TS, and 100 mL of

glacial acetic acid.

Gel staining solution—Prepare a solution of Coomassie

blue G-250 having a concentration of 0.25 g per L in a 10.0%

(v/v) acetic acid solution.1 Store at room temperature.

Destaining solution—Prepare a solution of acetic acid in

water having a known concentration of 10.0% (v/v). [NOTE—

This solution may be stored at room temperature for up to

6 months from the date prepared.]

Sample buffer—Prepare a solution containing 200 mM

tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCl),

2% (w/v) sodium dodecyl sulfate (SDS), 40% (v/v) glycerol,

and 0.04% (w/v) Coomassie blue G-250. If necessary, adjust

with hydrochloric acid or sodium hydroxide to a pH of 6.8.2

Running buffer—Prepare a solution containing 100 mM

tris(hydroxymethyl)aminomethane, 100 mM N-tris(hydroxy-

methyl)methylglycine (tricine), and 0.1% (w/v) SDS in water.

If necessary, adjust with hydrochloric acid or sodium

hydroxide to a pH of 8.3.3 In a 400-mL beaker, thoroughly

mix 35 mL of the solution so obtained (or 10x Tris/Tricine/

SDS buffer)4 with 315 mL of water.

Molecular weight marker—Use a suitable molecular weight

marker containing protein bands between 3.5 and 27 kD.

1 A suitable gel staining solution is available from, e.g., Bio-Rad.
Coomassie brilliant blue G-250 is available from Bio-Rad, Cat #
161-0406.
2 A suitable sample buffer is available as Tricine sample buffer from
Bio-Rad, Cat. # 161-0739.
3 An undiluted suitable running buffer is available as 10x Tris/
Tricine/SDS buffer from Bio-Rad, Cat. # 161-0744.
4 Available as 10x Tris/Tricine/SDS buffer from Bio-Rad, Cat. #
161-0744.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
670 IN-PROCESS REVISION Vol. 34(3) [May–June 2008]



Black plate (671,1)

Molecular weight standard solution—Transfer 16 mL of the

Sample buffer into a 0.5-mL microcentrifuge tube. Pipet 4 mL

of theMolecular weight marker into the microcentrifuge tube,

and mix. Incubate the mixture in the closed microcentrifuge

tube for 5 minutes at 958. After incubation, allow the tube to

stand for 5 minutes at room temperature. Centrifuge at 5000

rpm for 1 minute.

Alpha-Lactalbumin standard stock solution—In a 2-mL

centrifuge tube dissolve a quantity of USP Alpha-Lactalbu-

min RS in water to make a 1.0% (w/v) solution.

Alpha-Lactalbumin standard working solution—Pipet 21

mL of the Sample buffer and 3 mL of the Alpha-Lactalbumin

standard stock solution into a 0.5-mL microcentrifuge tube,

and mix. Proceed as directed for Molecular weight standard

solution beginning with ‘‘Incubate the mixture’’.

Test stock solution—In a 2-mL centrifuge tube dissolve a

quantity of Alpha-Lactalbumin in water to make a 1.0% (w/v)

solution.

Test solution—Pipet 21 mL of the Sample buffer and 3 mL of

the Test stock solution into a 0.5-mL microcentrifuge tube,

and mix. Proceed as directed for Molecular weight standard

solution beginning with ‘‘Incubate the mixture’’.

SDS-PAGE gel and apparatus set-up—Following the

manufacturer’s instructions, assemble and fill a 16.5% Tris-

Tricine Ready Gel5 in the Mini-Protean III Electrophoresis

Module,6 or in an equivalent module. Add Running buffer

appropriately to this apparatus.

Gel loading—Load 10 mL of the Molecular weight

standard solution, 2.5 mL of the Alpha-Lactalbumin standard

working solution, and 2.5 mL of the Test solution,

respectively, into the 16.5% Tris-Tricine SDS-PAGE gel.

[NOTE—The loaded samples contain approximately 3 mg of

protein based on the sample weight.]

Running the gel—Set the voltage to 100 V, and run at a

constant voltage. Run the gels until the tracking dye front is

approximately 10 mm from the bottom of the gel (approx-

imately 80 to 90 minutes).

Gel fixing—Remove the gel, transfer to a plastic container,

and soak in Gel fixing solution for 30 minutes on a shaking

rack. Decant the Gel fixing solution. Rinse with water, and

decant.

Gel staining—Pour approximately 100 mL of Gel staining

solution into the staining container. Place the gel into the

staining container, and allow the stain to completely cover the

gel. Place the staining container on an appropriate shaker, and

stain the gel for 60 to 90 minutes with gentle shaking.

Destaining—Drain the Gel staining solution into an

appropriate waste container, and add 100 mL of Destaining

solution to the container to cover the gel. Place the container

on an appropriate shaker, and shake with gentle agitation for

30 minutes. Discard the used Destaining solution, and repeat

destaining as necessary. Repeat rinsing with Destaining

solution three to four times at 30-minute intervals or until

the gel is destained to the desired clarity.

Band identification—The Alpha-Lactalbumin has one

major band at 14 kD, a minor band at 16 kD, and a molecular

weight that is similar to that of USP Alpha-Lactalbumin RS.

B: The retention time of the major peak for alpha-

lactalbumin in the chromatogram of the Assay preparation

corresponds to that in the chromatogram of the Standard

preparation, as obtained in the Assay.

Microbial limits, h61i—The total aerobic bacterial count

does not exceed 1000 cfu per g. The total combined molds

and yeasts count does not exceed 100 cfu per g. It meets the

requirements of the tests for absence of Salmonella species

and Escherichia coli.

pH h791i: not more than 7.5, in a solution (1 in 10).

Loss on drying, h731i—Dry 1.0 to 1.5 g in a vacuum oven at

1008, at a pressure of 660 mm of mercury, and with

continuous dry air feed for 5 hours: it loses not more than

6.5% of its weight.

5 Available from Bio-Rad, Cat. # 161-1107 or 161-1179.
6 Available from Bio-Rad, Cat. # 165-3302.
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Black plate (672,1)

Ash—Ignite 1 g of Alpha-Lactalbumin at not more than 5508

until free from carbon. Cool in a desiccator, and weigh. Not

more than 3.5% is found.

Heavy metals, Method II h231i: not more than 10 mg per g.

Limit of phosphorus—

Hydrochloric acid solution—Pipet 250 mL of hydrochloric

acid into a 1000-mL volumetric flask, dilute with water to

volume, and mix.

Molybdovanadate reagent—Dissolve 20 g of ammonium

molybdate in 200 mL water with the aid of heat, and then

allow the molybdate solution to cool. Dissolve 1.0 g of

ammonium vanadate in 125 mL water with the aid of heat,

cool, and add 160 mL of hydrochloric acid. Gradually add,

with stirring, the molybdate solution to the vanadate solution,

and dilute with water to 1000 mL.

Phosphorus stock standard solution I—Transfer an ac-

curately weighed quantity, about 8.8 g of monobasic potas-

sium phosphate (KH2PO4), previously dried for 2 hours at

1058, to a 1000-mL volumetric flask, and add about 750 mL

of water to dissolve. Dilute with water to volume. This

solution contains about 2 mg of phosphorus per mL. [NOTE—

Store the solution in a refrigerator.]

Phosphorus stock standard solution II—Immediately

before use, dilute 50 mL of Phosphorus stock standard

solution I with water to 1000 mL. [NOTE—Store in a

refrigerator.]

Standard solutions—Transfer 0.0 mL, 5.0 mL, 8.0 mL, 10.0

mL, and 15.0 mL of Phosphorus stock standard solution II,

respectively, to five identical 100-mL volumetric flasks.

Proceed as directed for Procedure: after treatment with the

Molybdovanadate reagent, the resulting final phosphorus

concentrations for the Standard solutions are 0.0 mg per mL,

5.0 mg per mL, 8.0 mg per mL, 10.0 mg per mL, and 15.0 mg

per mL, respectively.

Test solution—Transfer about 4.0 g of Alpha-Lactalbumin,

accurately weighed, to an ashing dish. Dry the test specimen

on a hot plate or steam bath. Ignite in a muffle furnace at a

maximum temperature of 6008 until free of carbon. Cool, add

40 mL of Hydrochloric acid solution and several drops of

nitric acid, and bring to boil on a hot plate. Cool, transfer to a

100-mL volumetric flask by rinsing the ashing dish with

water, dilute with water to volume, and mix. Pipet 20.0 mL of

the Test solution into a 100-mL volumetric flask.

Procedure—To each of the flasks containing the Standard

solutions and the Test solution, add 20.0 mL of Molybdova-

nadate reagent, dilute with water to volume, mix, and allow

to stand for exactly 10 minutes for maximum color

development. The Standard solutions and the Test solution

are treated identically. Concomitantly determine the absor-

bances of each of the Standard solutions and the Test solution

in 1-cm cells with a suitable spectrophotometer (see

Spectrophotometry and Light-Scattering h851i) at a wave-

length of 400 nm, using one of the Standard solutions with

phosphorus concentration at 0.0 mg per mL to zero the

spectrophotometer. Plot the absorbances of the Standard

solutions versus concentration, in mg per mL, of phosphorus,

and draw the straight line best fitting the four plotted points.

From the graph so obtained, determine the concentration, C,

in mg per mL, of phosphorus in the Test solution. Calculate

the quantity, in mg, of phosphorus in each g of Alpha-

Lactalbumin taken by the formula:

5(100)C /W

in which 5 is the dilution factor; 100 is the volume, in mL, of

the Test solution; and W is the weight, in g, of Alpha-

Lactalbumin taken to prepare the Test solution: not more than

700 mg of phosphorus per g is found.

Limit of lipid (fat)—

Weighing dish preparation—Predry the clean dishes under

the same conditions that will be used for final drying after fat

extraction. Ensure that all surfaces where weighing dishes

will be placed (i.e., hot plate, desiccator, etc.) are clean and

free of particulates. At the end of oven drying, place the

weighing dishes in a desiccator, and cool to room

temperature. Immediately before use, weigh the dishes to
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Black plate (673,1)

the nearest 0.1 mg, and record the weights. Check the balance

zero after weighing each dish. Protect the weighed dishes

from contamination with extraneous matter.

Procedure—Transfer about 0.5 g of Alpha-Lactalbumin,

accurately weighed, to a Mojonnier-style ether extraction

flask that has the capacity to hold a volume of 21 to 23 mL in

the lower bulb plus neck at the bottom of the flask. The flask

has a smooth, round opening at the top that can be sealed

when closed with cork. Add 1.5 mL of ammonium hydroxide

to the Alpha-Lactalbumin, and mix thoroughly. Add 3 drops

of phenolphthalein TS to help sharpen the visual appearance

of the interface between the ether and the aqueous layers

during extraction. Add 10 mL of alcohol, close with the cork

stopper that has been water-soaked, and shake the flask for 15

seconds. For the first extraction, add 25 mL of ether, replace

the cork stopper, and shake the flask very vigorously for

approximately 1 minute, releasing built-up pressure by

loosening the stopper as necessary. Add 25 mL of petroleum

ether, replace the cork stopper, and repeat vigorous shaking

for about 1 minute. Centrifuge the flask at about 600 rpm for

not less than 30 seconds to obtain a clean separation of the

aqueous (bright pink) and the ether phases. Decant the ether

solution into a suitable weighing dish prepared as directed for

Weighing dish preparation. When the ether solution is

decanted into the dish, be careful not to pour any suspended

solids or aqueous phase into the weighing dish. Ether can be

evaporated at not more than 1008 from the dish while

conducting the second extraction.

For the second extraction, add 5 mL of alcohol to the

original flask, close with the cork stopper, and shake

vigorously for 15 seconds. Add 15 mL of ether, replace the

cork, and shake the flask vigorously for about 1 minute. Add

15 mL of petroleum ether, replace the cork stopper, and repeat

vigorous shaking for about 1 minute. Centrifuge the flask at

about 600 rpm for not less than 30 seconds to obtain a clean

separation of the aqueous (bright pink) and the ether phases.

If the interface is below the neck of the flask, add water to

bring the level about half way up to the neck. Add water

slowly down the inside surface of the flask so that there is

minimum disturbance of the interface. Decant the ether

solution for the second extraction into the same weighing dish

used for first extraction.

For the third extraction, omit addition of the alcohol and

repeat the procedure used for the second extraction.

Completely evaporate the solvents in a hood on a hot plate

at not more than 1008, and avoid spattering. Dry the extracted

fat and the weighing dish to constant weight in a forced air

oven at 100+ 18 for not less than 30 minutes or in a vacuum

oven at 708 to 758 at more than 50.8 cm (20 inches) of

vacuum for not less than 7 minutes. Remove the weighing

dish from the oven, and place in a desiccator to cool to room

temperature. Record the weight of the weighing dish

containing the fat.

Run a blank determination using water, and record the

weight of any dry residue collected. The reagent blank should

be less than 2.0 mg of residue. [NOTE—A negative number is

not acceptable.] Calculate the weight percent of lipid (fat) in

the Alpha-Lactalbumin taken by the formula:

100((W2 – W1) – W3) /W

in which W1, W2, W3, and W are the weights of the empty

weighing dish, the weighing dish containing fat, the reagent

blank residue, and the Alpha-Lactalbumin taken for the fat

extraction, respectively: not more than 1.0% is found. The

difference between duplicate runs is not more than 0.03% fat.

Limit of beta lactoglobulin—

Mobile phase—Prepare as directed for Mobile phase in the

Assay.

System suitability solution—Prepare as directed for System

suitability preparation in the Assay.

Standard solution—Immediately before use, dissolve an

accurately weighed quantity of beta lactoglobulin in Mobile

phase to obtain a solution having a known concentration of

about 1.0 mg per mL, calculated on the dried basis.
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Black plate (674,1)

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the percentage of

beta lactoglobulin in the portion of Alpha-Lactalbumin taken

by the formula:

(100)(10)(CS /WP)(rU / rS)

in which 10 is the volume, in mL, of the Test solution; CS is

the beta lactoglobulin concentration, in mg per mL, of the

Standard solution; W is the weight, in mg, of Alpha-

Lactalbumin taken to prepare the Test solution; P is the

percentage of total protein content; and rU and rS are the beta

lactoglobulin peak responses obtained from the Test solution

and the Standard solution, respectively. Not more than 6.5%,

calculated on total protein basis, is found.

Limit of lactose—

Carrez I solution—Transfer 3.60 g of potassium ferrocya-

nide (K4Fe(CN)6 � 3H2O) to a 100-mL volumetric flask,

dissolve in and dilute with water to volume, and mix.

Carrez II solution—Transfer 7.20 g of zinc sulfate hepta-

hydrate (ZnSO4 � 7H2O) to a 100-mL volumetric flask,

dissolve in and dilute with water to volume, and mix.

NOTE—The following four test reagents are included in a

test kit.7

Test reagent 1—About 600 mg of lyophilisate consisting of

a mixture of citrate buffer (pH 6.6), nicotinamide adenine

dinucleotide (NAD) (35 mg), anhydrous magnesium sulfate,

and stabilizers (added if necessary). Dissolve lyophilisate in

7.0 mL of water before use.

Test reagent 2: about 1.7 mL of an enzyme suspension of

b-galactosidase (approximately 100 Units).

Test reagent 3: 34 mL of a solution consisting of 0.51M

potassium diphosphate buffer (pH 8.6), and stabilizers (added

if necessary).

Test reagent 4: about 1.7 mL of an enzyme suspension of

galactose dehydrogenase (about 40 Units).

Test solution—Transfer about 1.0 g of Alpha-Lactalbumin,

accurately weighed, to a 100-mL volumetric flask, add about

60 mL of water, and mix. Add 5 mL of Carrez I solution, and

mix. Add 5 mL of Carrez II solution, and mix. Add 10 mL of

0.1 N sodium hydroxide solution, and mix vigorously. Dilute

with water to volume, and mix. Pass through a filter paper,

and use the clear filtrate. [NOTE—This procedure breaks

emulsions, absorbs some colors, and precipitates proteins.]

Procedure—Label one glass or disposable plastic cuvet as

‘‘blank’’ and the second glass or disposable plastic cuvet as

‘‘test’’. [NOTE—These two cuvets should be equivalent.] To

each cuvet, pipet 0.20 mL of Test reagent 1 and 0.05 mL of

Test reagent 2. Pipet 0.10 mL of the Test solution into the

cuvet that is labeled ‘‘test’’. Mix both cuvets with their

stirrers, and incubate at 208 to 258 for 20 minutes. Pipet 1.00

mL of Test reagent 3 into each cuvet. Pipet 2.00 mL of water

into the cuvet that is labeled ‘‘blank’’ and 1.90 mL of water

into the cuvet containing the Test solution. Mix, and incubate

at 208 to 258 for about 2 minutes. Determine the absorbances,

AS1 and AB1, at 340 nm, for the Test solution and the blank,

respectively. Add 0.05 mL of Test reagent 4 to each cuvet.

Mix and incubate at 208 to 258 until the reaction has stopped

(about 10 to 15 minutes). Determine the absorbances AS2 and

AB2, at 340 nm, again for the Test solution and the blank,

respectively. If the reaction has not stopped after 15 minutes,

continue to read the absorbances at 2-minute intervals until

the absorbance for the Test solution remains constant for two

successive measurements. Calculate the percentage of lactose

in the portion of Alpha-Lactalbumin taken by the formula:

100 (0.1)(3.30)(360.32)[(AS2 – AS1) – (AB2 – AB1)] /

[(6300)(1)(0.1)W]7 Available from Boehringer-Mannheim (R-Biopharm, Inc., 7950
Old US 27S, Marshall, MI 49068 USA; Tel: +1-877-789-3033 or
+1-269-789-3033; Fax: +1-269-789-3070; www.r-biopharm.com).
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Black plate (675,1)

in which 0.1 in the numerator is the volume, in L, of the Test

solution; 3.30 is the volume, in mL, of the final test solution

in the cuvet; 360.32 is the molecular weight of lactose

monohydrate; 6300 is the absorption coefficient, in

L mol–1 cm–1, of nicotinamide adenine dinucleotide reduced

form (NADH) at 340 nm; 1 is the light path, in cm, of the

cuvet; 0.1 in the denominator is the volume, in mL, of the Test

solution taken into the cuvet; and W is the weight, in g, of

Alpha-Lactalbumin taken to prepare the Test solution: not

more than 1.0% is found.

Denaturation temperature—

Test solution—Prepare a protein dough by mixing 3 g of

Alpha-Lactalbumin powder with 2 g of water. Place the

dough into a well-sealed sample container.

Procedure—Perform two measurements on the dough

sample using a differential scanning calorimeter. Heat to

1408, and scan. Cool rapidly to below room temperature, and

rescan. Apply a scan rate of 108 per minute. Weigh pans

before and after scanning to verify that no moisture loss

occurs during the scanning process. Measure and record the

denaturation temperatures as peak temperatures. The forma-

tion of two peaks indicates the presence of both the holo form

and the apo form of Alpha-Lactalbumin. The denaturation

temperature for Alpha-Lactalbumin in the apo form is

between 508 and 528; the denaturation temperature for

Alpha-Lactalbumin in the holo form is between 588 and 618.

Content of calcium—

Standard stock solution—Dissolve 1.249 g of calcium

carbonate in 270 mL of 3N hydrochloric acid (dilute 250

mL of hydrochloric acid with water to 1000 mL) in a 1000-

mL volumetric flask. Dilute with water to volume, and mix.

Dilute 50 mL of the solution so obtained to 1000 mL. The

Standard stock solution contains 25 mg of calcium per mL.8

Lanthanum chloride solution—Weigh 11.7 g (+100 mg) of

lanthanum oxide, and transfer to a 1000-mL volumetric flask.

Add enough water to wet the powder, and then slowly add 50

mL of hydrochloric acid. [Caution—Exothermic reaction.]

Let the test specimen dissolve, dilute with water to volume,

and mix. This solution contains 1% (w/v) of lanthanum and is

stable for up to 6 months when stored at room temperature.

Working standard solutions—To five identical 25-mL

volumetric flasks, add 0 mL, 5 mL, 10 mL, 15 mL, and 20

mL, respectively, of Standard stock solution. Add 2.5 mL of

Lanthanum chloride solution, and dilute with water to

volume. The Working standard solutions contain 0 mg, 5

mg, 10 mg, 15 mg, and 20 mg of calcium per mL, each

containing 0.1% (w/v) of lanthanum.

Test solution—Transfer about 1.0 g of Alpha-Lactalbumin,

accurately weighed, to a 100-mL volumetric flask, add 10 mL

of Lanthanum chloride solution, and dilute with water to

volume.

Procedure—Concomitantly determine the absorbances of

the Working standard solutions and the Test solution at the

calcium emission line of 422.7 nm with an atomic absorption

spectrophotometer (see Spectrophotometry and Light-Scat-

tering h851i) equipped with a calcium hollow-cathode lamp

and a reduced air–acetylene flame, using a 10-fold dilution of

Lanthanum chloride solution as the blank. [NOTE—Optimize

flame parameters in accordance with the instrument manu-

facturer’s instructions.] Plot the absorbances of the Working

standard solutions versus the concentration, in mg per mL, of

calcium, and draw the straight line best fitting the five plotted

points. From the graph so obtained, determine the concen-

tration, C, in mg per mL, of calcium in the Test solution.

Calculate the quantity of calcium (Ca), in mg, in each g of

Alpha-Lactalbumin taken by the formula:

100(100)10–3C /W

in which 100 is the volume, in mL, of the Test solution; 10–

3 is the factor to convert mg to mg; and W is the weight, in g,

of Alpha-Lactalbumin taken to prepare the Test solution: not

more than 1 mg of calcium per g is found.
8 A commercially prepared, certificated AA standard is available as
Calcium AA, ICP standards, 1000 ppm Ca in dilute hydrochloric
acid, Cat # ACA1KH, from RICCA. Make an appropriate dilution to
obtain a final concentration of 25 mg of calcium per mL.
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Black plate (676,1)

Total protein content—Combust about 250 mg of Alpha-

Lactalbumin, accurately weighed, in the presence of pure

oxygen (99.9%) in an airtight oven at 9508 with a suitable

nitrogen analyzer. The components such as carbon dioxide,

sulfur dioxide, and moisture are absorbed by various in-line

chemical filters. All nitrogenous matter is converted into

nitrogen in the presence of catalytic converters. The weight

percent of nitrogen is measured by a thermal conductivity

detector. Blank the system by analyzing a suitable nitrogen

blank material, such as powdered cellulose, and obtaining a

zero reading. Calibrate and qualify the system by using

EDTA. The relative standard deviation for replicate runs is

not more than 0.5%. Calculate the weight percent of total

protein content in Alpha-Lactalbumin by multiplying the

percentage of nitrogen found by 6.23: not less than 95.0% is

found, calculated on the dried basis.

Assay—

Mobile phase—Prepare a solution of 0.02M Tris-HCl,

0.5% SDS, and 0.1N sodium chloride. Adjust the pH of the

solution to 5.95+ 0.05. Pass this solution through a filter

having a 0.5-mm or finer porosity, and degas. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Immediately before use, dissolve

an accurately weighed quantity of USP Alpha-Lactalbumin

RS in Mobile phase to obtain a solution having a known

concentration of about 1.0 mg per mL, calculated on the dried

basis.

System suitability preparation—Dissolve suitable quantities

of USP Alpha-Lactalbumin RS and beta lactoglobulin in

Mobile phase to obtain a solution having a known

concentration of about 0.5 mg of each per mL.

Assay preparation—Dissolve about 10 mg of Alpha-

Lactalbumin powder, accurately weighed, in a 10-mL

volumetric flask, dilute with Mobile phase to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 7.8-mm 6 30-cm column that contains packing L33.

Equilibrate the column for approximately 90 minutes at 0.6

mL of Mobile phase per minute or until a stable baseline is

achieved. The flow rate is about 0.6 mL per minute.

Chromatograph the System suitability preparation, and

identify the Alpha-lactalbumin and beta lactoglobulin using

their relative retention times, which are 1.00 for Alpha-

lactalbumin and 0.91 for beta lactoglobulin. Record the peak

responses as directed for Procedure: the resolution, R,

between beta lactoglobulin and Alpha-lactalbumin is not

less than 1.65; and the tailing factor for the Alpha-lactalbumin

peak is not greater than 1.1.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the purity of

Alpha-Lactalbumin as a percentage of total protein by the

formula:

100 (10)(CS / (WP))(rU / rS)

in which 10 is the volume, in mL, of the Assay preparation;

CS is the alpha-lactalbumin concentration, in mg per mL, of

the Standard preparation; W is the weight, in mg, of Alpha-

Lactalbumin taken to prepare the Assay preparation; P is

percentage of total protein content; and rU and rS are the alpha-

lactalbumin peak responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&1S (NF27)
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Black plate (677,1)

BRIEFING

Trehalose, page 263 of PF 33(2) [Mar.–Apr. 2007]. On the basis
of comments received, it is proposed to make the following revisions
to the proposed monograph:
1. Add the anhydrous form to the chemical information with the

supporting CAS #.
2. Remove the use of the refractometer in the Color and clarity of

solution test as it is not required.
3. Add a requirement for the anhydrous form in the Water test.
4. Update the amount of Trehalose needed in the test preparation

for the Heavy metals test.
5. Add a Related substances test to trace any potential impurities.
Interested parties are encouraged to comment on the proposal.

(EM1: R. Lafaver) RTS—C56012

Add the following:

&Trehalose

Change to read:

&C12H22O11 342.30 [99-20-7].&1S (NF27)

C12H22O11 � 2H2O 378.33

a-D-glucopyranosyl a-D-glucopyranoside.

&Trehalose Anhydrous&1S (NF27)

Trehalose dihydrate [6138-23-4].

» Trehalose is a stable, nonreducing disaccharide

with two glucose molecules linked in an a,a-1,1

configuration. It is obtained through enzymatic

conversion of food-grade starch. It contains not less

than 99.0 percent of C12H22O11, calculated on the

anhydrous basis.

Packaging and storage—Preserve in tight containers. No

storage requirements specified.

Labeling—Where Trehalose is intended for use in the

manufacture of injectable dosage forms, it is so labeled.

Where Trehalose must be subjected to further processing

during the preparation of injectable dosage forms to ensure

acceptable levels of bacterial endotoxins, it is so labeled.

USP Reference standards h11i—USP Endotoxin RS. USP

Glycerin RS. USP Trehalose RS.

Change to read:

Color and clarity of solution—

Test solution—Dissolve 33 g of Trehalose in 67 g of

recently boiled water. Confirm the concentration of the

solution with a suitable refractometer at 30+ 1%. &&1S (NF27)

Procedure—Using a suitable spectrophotometer (see Spec-

trophotometry and Light-Scattering h851i), measure the

absorbances of the Test solution at 420 nm and 720 nm in a

10-cm cuvette. The absorbance of the Test solution at 720 nm

is not more than 0.050. Determine the absorbance difference

by the following formula:

A420 – A720

in which A420 is the absorbance of the Test solution at 420 nm,

and A720 is the absorbance of the Test solution at 720 nm. The

absorbance difference is not more than 0.100.

Identification—

A: Infrared Absorption h197Ki.

B: Test solution—Dissolve Trehalose in water (2 in 5),

and mix thoroughly.

Add 5 to 6 drops of a solution containing 1-naphthol in

95% alcohol (1 in 20) to 1 mL of the Test solution. Gently add

2 mL of sulfuric acid to the solution. A violet color develops

at the interface between the two solutions.

C: Test solution—Dissolve Trehalose in water (1 in 25),

and mix thoroughly.
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Add 1 mL of diluted hydrochloric acid to 2 mL of the Test

solution. Allow to stand for 20 minutes at room temperature.

Add 4 mL of sodium hydroxide TS and 2 mL of the Glycine

solution to the Test solution. When the solution is heated for

10 minutes in boiling water, a brown color does not develop.

Specific rotation h781i: between +1978 and +2018 at 208,

using a solution containing 100 mg per mL.

Microbial limits h61i—The total aerobic microbial count

does not exceed 100 cfu per g, and the total combined molds

and yeasts count does not exceed 100 cfu per g. It meets the

requirements of the tests for absence of Salmonella species

and Escherichia coli.

Bacterial endotoxins h85i—If labeled for use in preparing

parenteral dosage forms, it also meets the following

requirements. The level of bacterial endotoxins is such that

the requirement in the relevant dosage form monograph(s) in

which Trehalose is used can be met. Where the label states

that Trehalose must be subjected to further processing during

the preparation of injectable dosage forms, the level of

bacterial endotoxins is such that the requirement in the

relevant dosage form monograph(s) in which Trehalose is

used can be met.

pH h791i: between 4.5 and 6.5, using a solution containing

100 mg per mL.

Change to read:

Water, Method I h921i: between 9.0% and 11.0%,

determined on 0.1 g of Trehalose. &The dihydrate form loses

between 9.0% and 11.0%, and the anhydrous form loses not

more than 1.0%, determined on 0.1 g of Trehalose.&1S (NF27)

Residue on ignition h281i: not more than 0.1%, deter-

mined on 2.0 g of Trehalose.

Soluble starch—Prepare a 10% Trehalose solution (w/v), and

mix thoroughly. To this solution add several drops of iodine

TS. No blue color develops.

Chloride h221i: not more than 0.0125%. A 2.0-g sample

shows no more chloride than corresponds to 0.70 mL of 0.01

mol per L hydrochloric acid.

Sulfate h221i: not more than 0.0200%. A 2.0-g sample

shows no more sulfate than corresponds to 0.83 mL of 0.005

mol per L sulfuric acid.

Change to read:

Heavy metals, Method I h231i: not more than 0.0005%.

Test preparation—Use 5.0 &4.0&1S (NF27) g of Trehalose.

Monitor preparation—Prepare with 2.5 mL of Standard

Lead Solution.

Nitrogen content, Method I h461i: not more than 0.005%,

determined on a 5.0-g portion, accurately weighed. Proceed

as directed for Method I, increasing the sulfuric acid used for

digestion to 30 mL and reducing the sodium hydroxide

solution (2 in 5) to 45 mL.

Add the following:

&Related substances—

Test solution—Dissolve 0.5 g of Trehalose in 10 mL of

water.

Standard solution—Add 1 mL of the Test solution and

dilute with water to 100 mL.

Internal standard—Dissolve 1 g of USP Glycerin RS in

water to 10 mL.

System suitability solution—Dissolve 0.25 g of USP

Trehalose RS, 0.25 g of maltotriose, and 0.25 g of glucose

with 5 mL of Internal standard, and dilute with water to 50

mL.

Mobile phase and Chromatographic system—As prepared

in the Assay. Inject about 20 mL of the System suitability

solution into the chromatograph. Identify maltotriose, treha-

lose, glucose and the Internal standard based on their relative

retention times of 0.9, 1.0, 1.2, and 2.7 respectively. The

resolution of each peak is not less than 1.5 and the relative
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standard deviation of the ratios of the peak area of trehalose to

the peak area of Internal standard for replicate injections is

not more than 2.0% for the System suitability solution.

Procedure—Separately inject about 20 mL of the Test

solution and Standard solution into the chromatograph, and

record the chromatograms. Determine the peak areas for all

peaks. For the test solution, the areas of any peaks

corresponding to maltotriose and other polysaccharrides and

eluting before trehalose are not greater than half of the area of

the peak corresponding to trehalose in the chromatogram of

the standard (0.5%). The areas of any peaks corresponding to

glucose and eluting after trehalose are not greater than half of

the area of the peak corresponding to trehalose in the

chromatogram of the standard (0.5%).&1S (NF27)

Assay—

Mobile phase—Use degassed water.

Internal standard solution—Dissolve an accurately

weighed quantity of USP Glycerin RS in water to obtain a

solution having a known concentration of about 100 mg per

mL.

Standard preparation—Dissolve an accurately weighed

quantity of USP Trehalose RS in water and add Internal

standard solution to obtain a solution having known

concentrations of about 10 mg per mL of Trehalose,

calculated on the anhydrous basis, and about 10 mg per mL

of glycerin.

Assay preparation—Transfer about 100 mg of Trehalose,

accurately weighed and calculated on the anhydrous basis, to

a 10-mL volumetric flask, add 1 mL of Internal standard

solution, and dilute with water to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive index

detector that is maintained at a constant temperature of about

408 and an 8-mm6 30-cm column that contains packing L##

(see Chromatographic Reagents under Reagents, Indicators,

and Solutions) and is maintained at a constant temperature of

808. The elution order is the trehalose peak followed by the

glycerin peak. Adjust the flow rate so that the retention time

of trehalose is about 15 minutes. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the resolution, R, between trehalose

and glycerin is not less than 2, and the relative standard

deviation for replicate injections determined from the peak

response ratios is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

C12H22O11 in the portion of Trehalose taken, by the formula:

1000(C /W)(RU /RS)

in which C is the concentration, in mg per mL, of USP

Trehalose RS in the Standard preparation; W is the weight, in

mg, of Trehalose taken to prepare the Assay preparation; and

RU and RS are the ratios of the peak responses of trehalose and

glycerin obtained from the Assay preparation and the

Standard preparation, respectively.&2S (NF26)
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Black plate (680,1)

GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h11i USP Reference Standards, USP 31 page 37, page 2022 of
PF 29(6) [Nov.–Dec. 2003], page 1674 of PF 30(5) [Sept.–Oct.
2004], page 507 of PF 31(2) [Mar.–Apr. 2005], page 1154 of PF
31(4) [July–Aug. 2005], page 1433 of PF 31(5) [Sept.–Oct. 2005],
page 1680 of PF 31(6) [Nov.–Dec. 2005], page 181 of PF 32(1)
[Jan.–Feb. 2006], page 407 of PF 32(2) [Mar.–Apr. 2006], page
1161 of PF 32(4) [July–Aug. 2006], page 95 of PF 33(1) [Jan.–
Feb. 2007], page 267 of PF 33(2) [Mar.–Apr. 2007], page 497 of
PF 33(3) [May–June 2007], page 716 of PF 33(4) [July–Aug.
2007], page 981 of PF 33(5) [Sept.–Oct. 2007], page 1256 of PF
33(6) [Nov.–Dec. 2007], page 142 of PF 34(1) [Jan.–Feb. 2008],
and page 332 of PF 34(3) [May–June 2007].

(HDQ) RTS—C53379; C44723; C52887; C44288; C54630;
C49150; C42649; C44703; C40365; C44274; C48984; C43220;
C51159; C42617; C41186; C51066; C57566; C60748

Add the following:

&USP Azithromycin Related Compound F RS [3’-(N-de-

methyl ) -3 ’ -N - formylaz i th romycin ] (C3 8H70N2O13

762.97).&1S (USP32)

Add the following:

&USP Bromperidol Decanoate RS [decanoic acid, 4-(4-bro-

mophenyl)-1-[4-(4-fluorophenyl)-4-oxobutyl]-4-piperidinyl

ester] (C31H41BrFNO3 574.56).&1S (USP32)

Add the following:

&USP Carvedilol System Suitability Mixture RS—Mixture

of approximately 0.1% carvedilol related compound F (1-(2-

(2-methoxyphenoxy)ethylamino)-3-(6,7,8,9-tetrahydro-5H-

carbazol-4-yloxy) propan-2-ol) in a matrix of carvedilol drug

substance.&1S (USP32)

Add the following:

&USP (+)-Catechin RS.&1S (USP32)

Add the following:

&USP N-Demethylazithromycin RS [(2R,3S,4R,5R,8R,10R,

11R,12S,13S,14R)-13-[(2,6-dideoxy-3-C-methyl-3-O-methyl-

a-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-

3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-methyla-

mino-b-D-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopenta-

decan-15-one] (C37H70N2O12 734.96).&1S (USP32)

Add the following:

&USP Doxycycline Related Compound A RS [(6-epidoxy-

cycline, or 4S,4aR,5S,5aR,6S,12aS)-4-(dimethylamino)-

3,5,10,12,12a-pentahydroxy-6-methyl-1 ,11-dioxo-

1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide]

(C22H24N2O8 444.43).&1S (USP32)

Add the following:

&USP Estradiol Related Compound C RS [1,3,5(10)-estra-

trien-3,17b-diol-6 one] (C18H22O3).&1S (USP32)

Add the following:

&USP Purified Grape Seeds Oligomeric Proanthocyanidins

RS.&1S (USP32)

Add the following:

&USP Haloperidol Decanoate RS.&1S (USP32)

Add the following:

&USP Ketoprofen Related Compound D RS [3-acetylben-

zophenone].&1S (USP32)
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Black plate (681,1)

Add the following:

&USP Alpha-Lactalbumin RS.&1S (USP32)

Add the following:

&USP Lamotrigine RS.&1S (USP32)

Add the following:

&USP Lamotrigine Related Compound B RS [2,3-dichloro-

benzoic acid] (C7H4Cl2O2 191.01).&1S (USP32)

Add the following:

&USP Lamotrigine Related Compound C RS [3-amino-6-

(2,3-dichlorophenyl)-1,2,4-triazin-5(4H)-one] (C9H6Cl2N4O

257.08 ).&1S (USP32)

Add the following:

&USP Lamotrigine Related Compound D RS [N-[5-amino-

6-(2,3-dichlorophenyl)-1,2,4-triazin-3-yl]-2,3-dichlorobenza-

mide](C16H9Cl4N5O 429.09).&1S (USP32)

Add the following:

&USP Methotrexate Related Compound B RS [(S)-2-{4-

[(2,4-diaminopteridin-6-yl)methylamino]benzamido}pentane-

dioic acid] (C19H20N8O5 440.41).&1S (USP32)

Add the following:

&USP Methotrexate Related Compound C RS [(S)-2-{4-

[(2-amino-4-oxo-1,4-dihydropteridin-6-yl)methylamino]-N-

methylbenzamido}pentanedioic acid] (C20H21N7O6

455.42).&1S (USP32)

Add the following:

&USP Methotrexate Related Compound E RS [4-{[(2,4-

diaminopteridin-6-yl)methyl](methyl)amino}benzoic acid,

hemihydrochloride] (C15H15N7O2 �½ HCl 343.56).&1S (USP32)

Add the following:

&USP Midazolam RS.&1S (USP32)

Change to read:

USP Mitoxantrone System Suitability Mixture RS

&A mixture of &1S (USP32)

9,10-anthracenedione, 8-amino-1,4-dihydroxy-5[[2-[(2-hydro-
xyethyl)amino]ethyl]amino]-, hydrochloride (C18H19N3O5 �HCl
393.83)

&and USP Mitoxantrone Hydrochloride RS.&1S (USP32)

Add the following:

&USP Olanzapine RS.&1S (USP32)

Add the following:

&USP Olanzapine Related Compound A RS [5-methyl-2-

((2-nitrophenyl)amino)-3-thiophenecarbonitrile].&1S (USP32)

Add the following:

&USP Olanzapine Related Compound B RS [2-methyl-

10H-thieno-[2,3-b][1,5] benzodiazepin-4[5H]-one].&1S (USP32)

Add the following:

&USP Orphenadrine Related Compound B RS [N-ethyl-

N,N-dimethyl [2-2(methylbenzhydryloxy)ethyl]ammonium

chloride] (C20H28ClNO 333.90) .&1S (USP32)

Add the following:

&USP Orphenadrine Related Compound C RS [N-methyl

[2-(2-methylbenzhydryloxy)ethyl]amine hydrochlori-

de](C17H22ClNO 291.82) .&1S (USP32)

Add the following:

&USP Oxytetracycline Hydrochloride RS.&1S (USP32)

Add the following:

&USP Rocuronium Bromide RS.&1S (USP32)

Add the following:

&USP Rocuronium Peak Identification Mixture RS—Mix-

ture of approximately 0.2% to 0.4% each of rocuronium re-

lated compound A, rocuronium related compound B,

rocuronium related compound C, rocuronium related com-

pound D, rocuronium related compound E, rocuronium related

compound F, rocuronium related compound G, rocuronium

re l a t ed compound H in a ma t r i x o f rocu ron ium

bromide.&1S (USP32)
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Black plate (682,1)

Add the following:

&USP Triamterene Related Compound A RS [2,4,6-triami-

no-5-nitrosopyrimidine] (C4H6N6O 154.13).&1S (USP32)

Add the following:

&USP Triamterene Related Compound B RS [2,7-diamino-

4 - h y d r o x y - 6 - p h e n y l p t e r i d i n e ] ( C 1 2 H 1 0 N 6 O

254.25).&1S (USP32)

Add the following:

&USP Triamterene Related Compound C RS [2,4-diamino-

7 - h y d r o x y - 6 - p h e n y l p t e r i d i n e ] ( C 1 2 H 1 0 N 6 O

254.25).&1S (USP32)

Apparatus for Tests and
Assays

BRIEFING

h41iWeights and Balances, USP 31 page 67 and page 716 of PF
33(4) [Jul.–Aug. 2007]. On the basis of comments received, it is pro-
posed to revise this chapter. Further revisions are proposed for the
sections Introduction, Repeatability,Verification of Accuracy, and
Weight Check; and it proposed to move the calculation of minimum
weight to general information chapterWeighing on an Analytical Bal-
ance h1251i.

(GC: H. Pappa) RTS—C58996; C58997; 60704; C57949;
C59081; C60169; C58997; C59073; C59056; C59093; C59084;
C59082

Change to read:

The intent of this section is to bring the requirements for weights
into conformity with American National Standard ANSI/ASTM
E617, ‘‘Laboratory Weights and Precision Mass Standards.’’ This
standard is incorporated by reference and should be consulted for full
descriptions and information on the tolerances and construction of
weights.1Pharmacopeial tests and assays require balances that vary
in capacity, sensitivity, and reproducibility. Unless otherwise speci-
fied, when substances are to be ‘‘accurately weighed’’ for Assay,
the weighing is to be performed with a weighing device whose mea-
surement uncertainty (random plus systematic error) does not exceed
0.1% of the reading. Measurement uncertainty is satisfactory if three
times the standard deviation of not less than ten replicate weighings
divided by the amount weighed, does not exceed 0.001. Unless other-
wise specified, for titrimetric limits tests, the weighing shall be per-
formed to provide the number of significant figures in the weight of

the analyte that corresponds to the number of significant figures in the
concentration of the titrant.The class designations below are in order
of increasing tolerances.
Class 1.1 weights are used for calibration of low-capacity, high-

sensitivity balances. They are available in various denominations
from 1 to 500 mg. The tolerance for any denomination in this class
is 5 mg. They are recommended for calibration of balances using op-
tical or electrical methods for accurately weighing quantities below
20 mg.
Class 1 weights are designated as high-precision standards for cal-

ibration. They may be used for weighing accurately quantities below
20 mg. (For weights of 10 g or less, the requirements of class 1 are
met by USP XXI class M.)
Class 2 weights are used as working standards for calibration,

built-in weights for analytical balances, and laboratory weights for
routine analytical work. (The requirements of class 2 are met by
USP XXI class S.)2

Class 3 and class 4 weights are used with moderate-precision labor-
atory balances. (Class 3 requirements are met by USP XXI class S-1;
class 4 requirements are met by USP XXI class P.)2

A weight class is chosen so that the tolerance of the weights used
does not exceed 0.1% of the amount weighed. Generally, class 2 may
be used for quantities greater than 20 mg, class 3 for quantities of
greater than 50 mg, and class 4 for quantities of greater than 100
mg. Weights should be calibrated periodically, preferably against an
absolute standard weight.

&INTRODUCTION

Pharmacopeial tests and assays procedures require balances

that vary in capacity, sensitivity, and repeatability. This chap-

ter applies to balances used in Pharmacopeial procedures with

a reportable value expressed in at least three significant

figures1 (see }7.1 Interpretation of Requirements in }7 Test

Results in the General Notices), . Analytical methods with

less strict requirements need not necessarily follow this stan-

dard. when substances are to be ‘‘accurately weighed’’. Mea-

surement uncertainty from the balance is only one contribution

to overall weighing errors.1 2 Other contributions include

changes in water content of samples during weighing and a

static charge on the sample. This chapter addresses the control

1 Copies of ASTM Standard E 617-81 (Reapproved 1985) may be obtained
from the American Society for Testing and Materials, 1916 Race Street, Phil-
adelphia, PA 19103.

2 Note that the designations S and P no longer designate weight classes but
rather weight grades, that is, design limitations such as range of density of
materials, surface area, surface finish, corrosion resistance, and hardness.
1 Zeros within a number are always significant. Zeros that do nothing
but set the decimal point are not significant. Trailing zeros that are not
needed to hold the decimal point are significant. Cases and examples
in which this requirement would apply, and examples of these cases
follow. (1) Procedures with specification limits (e.g, 90.0% to
110.0%, 98.0% to 102.0%). (2) Procedures in which the result is re-
ported in mg (e.g., mg limits for a 5-mg tablet for which the specif-
ication is 90.0% to 110.0% are 4.50 mg to 5.50 mg). (3) Limits
expressed with three significant figures (e.g., not more than 1.50%;
not more than 0.00100%). Cases and their examples where this re-
quirement would not necessarily apply follow. (1) Procedures with
specification limits (e.g., 90% to 110%. (2) Limits expressed with less
than three significant figures (e.g., not more than 1.5%; not more than
0.0010%; not more than 150 ppm).
2 Sources of measurement uncertainties with laboratory balances are
(including, but not limited to) readability, repeatability, nonlinearity,
sensitivity, temperature, and buoyancy.
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of the analytical balance for routine operation. controls the use

of an analytical balance for routine operation with Unless

otherwise specified, when substances are to be ‘‘accurately

weighed’’ (for example, in an Assay analysis), the weighing

is to be performed with a weighing device.
Assessment of measurement uncertainty is typically done prior to

the balance being placed in operation (e.g., during IQ/OQ/PQ) and
periodically thereafter. Two steps are performed in measuring uncer-
tainty: (1) measurement of repeatability and (2) verification of accu-
racy against certified weights. does not exceed 0.1% of the

reading. There are three requirements for control of the analyt-

ical balance: assessment of measurement uncertainty (repre-

sented mainly by the repeatability of the measurement),

verification of accuracy, and a calibration check. that meets

the following three requirements: repeatability of the measure-

ment to within 0.1%, verification of accuracy to within 0.1%,

and a weight check. The first two requirements are typically

performed prior to placing the balance in operation (e.g., dur-

ing IQ/OQ/PQ) and periodically thereafter according to appli-

cable standard operating procedures. The calibration weight

check is typically performed each day or prior to each series

of weighings. on which the balance is used or at appropriate

intervals based on applicable standard operating procedures.

REPEATABILITY

Assessment of repeatability may be performed using either

Method A or Method B.

Method A— In this method, repeatability Repeatability is

determined at the lower end of the desired operating range

(i.e., the range of weights for which the balance has been qual-

ified to meet the requirements of this chapter). The measure-

ment of repeatability using this method is satisfactory if two

times the standard deviation of not less than 10 replicate

weighings divided by the amount weighed nominal mass does

not exceed 0.001, as shown in the formula:

2s/w�0.001

in which s is the standard deviation of not less than 10 replicate

weighings; and w is the nominal mass , in mg, of the weight

used. Because of display resolution, it is possible to make

measurements in which every replicate measurement result

is the same value. A true repeatability standard deviation of

zero is not statistically possible, although the standard devia-

tion may be less than one display increment d. In this situation,

the standard deviation of the balance can be estimated as

Method B Calculation of Minimum Weight —This method may

be used to determine the low end of the operating range (e.g.,

minimum weight). Minimum weight can be derived from the

following formula:2

(2/Urel)s

in whichUrel represents the uncertainty factor of 0.001; and s is

the standard deviation from the repeatability measurements,of

not less than 10 replicate measurements of a mass near the low

end of the operating rangein mg. Minimum weight may be

used to define the low end of the operating range. Because

of scale resolution, it is possible to make measurements in

which every one results in the same value. A true scale stan-

dard deviation of zero is not statistically possible, although the

standard deviation may be less than one display increment d.

In this situation, the standard deviation of the scale can be es-

timated as

2 Derived from the expanded uncertainty equation in NISTIR 6919,
Recommended Guide for Determining and Reporting Uncertainties
for Balances and Scales, January 2002.
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VERIFICATION OF ACCURACY

Using multiple weights of suitable accuracy as described in

the table Weights Used for Calibration Check of Balances

Weights Used for Verification of Accuracy, the measured

weight is within 0.1% of the certified value over the operating

range of the balance. The operating range refers to the range

used for performing the assay, analytical procedures under this

chapter, and not necessarily to the operating range for other

weighing operations.

CALIBRATION CHECK WEIGHT CHECK

Analytical balances vary greatly in the features they offer to

ensure that the balance is maintained in a calibrated state. A

calibration weight check to ensure using an internal or external

check weight ensures that the balance is in a calibrated state is

performed each day or before each series of weighings. Typi-

cally, the calibration check uses internal or external weights to

verify that the balance is still in a calibrated state. suitable to

use. The weight check is typically performed each day the bal-

ance is used or at appropriate intervals based on applicable

standard operating procedures and the measured weight is

within 0.1% of the certified value.&1S (USP32)

Weights Used for Verification of Accuracy

Application Appropriate Class of Weight

Lowest Weight With a Tolerance

Within 0.1%*

Microbalances (6–7 places) ASTM Classes 1, 2

OIML E2**

ASTM Class 1, 10 mg

ASTM Class 2, 20 mg

Analytical balances (4–5 places) ASTM Classes 3, 4

OIML Classes F1, F2

ASTM Class 3, 50 mg

ASTM Class 4, 100 mg OIML Class

F1, 50 mg

OIML Class F2, 200 mg

Calibration of the weights used for other

applications or other specialized applica-

tions

OIML Classes E1, E2, and ASTM Class 0 OIML E1, 5 mg**

OIML E2, 10 mg**

ASTM Class 0, 5 mg**

* ASTM standard E617 may be obtained from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428. OIML R111 may be obtained
from OIML (International Organization of Legal Metrology), 11 Rue Turgot, F-75009, Paris, France.
** Special control of temperature and humidity is needed (see technical information that accompanied the weights for recommended controls).
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Biological Tests and Assays

BRIEFING

h111i Design and Analysis of Biological Assays, USP 31 page
108. Although the analysis and design of bioassays has changed a
great deal in the past 50 years, USP general chapter Design and
Analysis of Biological Assays h111i has not undergone significant
revision. In 2001 the USP Biostatistics Expert Committee convened
an Ad Hoc Panel charged with the revision of h111i. That Panel has
completed a draft revision, which is now being proposed in In-
Process Revision. This draft is complete with respect to topics,
although it lacks many planned examples.
When completed, this chapter will be one of four in USP

pertaining to bioassays. In addition to a ‘‘roadmap’’ chapter (as yet
unnumbered) that will include a glossary applicable to the other three
chapters, there will be two new USP chapters: Design and
Development of Biological Assays h1032i and Biological Assay
Validation h1033i. A Bioassay Glossary draft appeared as a Stimuli
to the Revision Process in PF 32(4) [July–Aug. 2006] on pages
1359–1365.
The Panel encourages input from all interested parties regarding

this proposed revision of h111i. Contemporary avenues of
communication greatly expand the opportunity for involvement in
shaping the chapter. USP’s intent is to reflect the best contemporary
thought regarding bioassay analysis. This will be achieved when
members of the bioassay community take advantage of this
opportunity to engage in the chapter’s development by responding
to the material in this In-Process Revision.
As a complement to the material that follows, USP plans to make

available on its website data sets that can be used by laboratories to
verify commercial software packages. These data sets are intended to
be used (1) to ensure that similarity is assessed correctly and that
relative potency and the associated confidence intervals are
calculated correctly, and (2) to assist in the proper selection of
dose–response models. Data sets will be developed for both linear
and nonlinear response models. To this end, the Panel invites the
submission of data sets for consideration for use in this context.

(STAT: L. Callahan) RTS—C57251

Change to read:

General

The potency of several Pharmacopeial drugs must be determined
by bioassay. A controlling factor in assay design and analysis is the
variability of the biological test system, which may vary in its mean
response from one laboratory to another, and from time to time in the
same laboratory. To control this type of variation, the response to a
Pharmacopeial drug is compared with a USP Reference Standard or
other suitable standard. For convenience, each such preparation will
be called the ‘‘Standard’’ and each preparation under assay, or
Sample, the ‘‘Unknown,’’ and these will be designated respectively
by the symbols S and U. (The Sample is sometimes referred to as the
‘‘test preparation.’’)
After elimination of extraneous variables from the comparison of

the Standard and the Unknown, an error variance is computed from
the remaining variation, which, while uncontrolled, can nevertheless
be measured. The error variance is required in calculating the
confidence interval of the assayed potency. The confidence interval,
known also as the fiducial interval, is so computed that its upper and
lower limits are expected to enclose the true potency of the
Unknown in 19 out of 20 assays. Many assay procedures fix the
acceptable width of the confidence interval, and two or more

independent assays may be needed to meet the specified limit. The
confidence limits of the individual component assays usually
overlap.
The aim of this chapter is to present a concise account of

biometrical procedures for the USP bioassays. Its various sections
are interrelated. Although the procedures are planned primarily for
the assay of a single Unknown, equations for the joint assay of
several Unknowns are given in context throughout the chapter and
are summarized in the last section. Proof that an assayed potency
meets its required confidence limits may be based also upon other
recognized biometric methods that have a precision equivalent to
that of the methods outlined herein.
A glossary of the terms used in the equations is provided at the

end of this chapter.

Steps Preceding the Calculation of Potency

Designs for Minimizing the Error Variance—Variation in
response is reduced as much as is practicable by the limitations
imposed on body weight, age, previous handling, environment, and
similar factors. In a number of assays, the test animals or their
equivalent are then assigned at random but in equal numbers to the
different doses of the Standard and Unknown. This implies an
objective random process, such as throwing dice, shuffling cards, or
using a table of random numbers. Assigning the same number of
individuals to each treatment simplifies the subsequent calculations
materially, and usually leads to the shortest confidence interval for a
given number of observations.
In some assays, the potential responses can be assembled into

homogeneous sets in advance of treatment. The differences between
sets are later segregated, so that they do not affect adversely either
the computed potency or its confidence interval. One unit within
each set, picked at random, receives each treatment. Examples of
randomized sets are the cleared areas on a single plate in the plate
assay of an antibiotic, and four successive paired readings in the
same rat in the Vasopressin Injection assay. Sets of two occur where
each test animal is used twice, as in the assays of Tubocurarine
Chloride Injection and Insulin Injection. In these cases, neither the
average differences between individuals nor the order of treatment
can bias the potency or precision. In the microbial assays for vitamin
B12 activity and for calcium pantothenate, replicate tubes are
assigned to two or more separate, complete sets, preferably with
the tubes arranged at random within each set. This restricts the
variation due to position or order within a set to the differences
within each complete replicate.
Rejection of Outlying or Aberrant Observations—A response

that is questionable because of failure to comply with the procedure
during the course of an assay is rejected. Other aberrant values may
be discovered only after the responses have been tabulated, but can
then be traced to assay irregularities, which justify their omission.
The arbitrary rejection or retention of an apparently aberrant
response can be a serious source of bias. In general, the rejection
of observations solely on the basis of their relative magnitudes is a
procedure to be used sparingly. When this is unavoidable, each
suspected aberrant response or outlier may be tested against one of
two criteria:
1. The first criterion is based upon the variation within a single

group of supposedly equivalent responses. On the average, it will
reject a valid observation once in 25 or once in 50 trials, provided
that relatively few, if any, responses within the group are identical.
Beginning with the supposedly erratic value or outlier, designate the
responses in order of magnitude from y1 to yN, where N is the number
of observations in the group. Compute the relative gap G1 = (y2 – y1)/
(yN – y1) when N = 3 to 7, G2 = (y3 – y1)/(yN–1 – y1) when N = 8 to 13,
or G3 = (y3 – y1)/(yN–2 – y1) when N = 14 to 24. If G1, G2, or G3

exceeds the critical value in Table 1 for the observed N, there is a
statistical basis for omitting the outlier.

This criterion is applicable also in a microbial assay where each
treatment is represented by a transmittance in each of two separate
complete sets. Subtract each transmittance in the first set from its
paired value in the second set, and record each difference with its
sign, either plus or minus. Beginning with the most divergent
difference, designate the N differences in order of magnitude from y1
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to yN and compute the relative gap G1, G2, or G3. If this exceeds its
critical value in Table 1, one of the two transmittances giving the
aberrant difference is suspect and may be identified on inspection or
by comparison with its expectation (see next column). Repeat the
process with the remaining differences if an outlier is suspected in a
second pair.
2. The second criterion compares the ranges from a series of k =

2 or more groups. Different groups may receive different treatments,
but all f responses within each group represent the same treatment.
Compute the range from each group by subtracting the smallest
response from the largest within each of the k groups. Divide the
largest of the k ranges by the sum of all the ranges in the series. Refer
this ratio R* to Table 2. If k is not larger than 10, use the tabular
values in the upper part of Table 2; if k is larger than 10, multiply R*
by (k + 2) and interpolate, if necessary, between the tabular values in
the lower part of Table 2. If R* exceeds the tabular or interpolated
value, the group with the largest range is suspect and inspection of
its components will usually identify the observation, which is then
assumed to be aberrant or an outlier. The process may be repeated
with the remaining ranges if an outlier is suspected in a second
group.

Replacement of Missing Values—As directed in the monographs
and in this section, the calculation of potency and its confidence
interval from the total response for each dose of each preparation
requires the same number of observations in each total. When
observations are lost or additional responses have been obtained with
the Standard, the balance may be restored by one of the following
procedures, so that the usual equations apply.

1. Reduce the number of observations in the larger groups until
the number of responses is the same for each treatment. If animals
have been assigned at random to each treatment group, either omit
one or more responses, selected at random, from each larger group,
or subtract the mean of each larger group from its initial total as often
as may be necessary. The latter technique is preferred when extra
animals have been assigned deliberately to the Standard. When the
assay consists of randomized sets, retain only the complete sets.
2. Alternatively, an occasional smaller group may be brought up to

size when the number of missing responses is not more than one in
any one treatment or 10% in the entire assay. Estimate a replacement
for each missing value by either method a or method b. One degree
of freedom (n) is lost from the error variance s2 for each replacement
by either method, except in a microbial assay where each response is
based on the sum of two or more transmittances and only one
transmittance is replaced.
(a) If animals have been assigned to treatments at random, add the

mean of the remaining responses in the incomplete group to their
total. In a microbial assay, when one of two transmittances is missing
for a given treatment, add the mean difference between sets,
computed from all complete pairs, to the remaining transmittance to
obtain the replacement.
(b) If the assay consists of randomized sets, replace the missing

value by

Table 1

Test for outliers. In samples from a normal population, gaps equal to or larger than the following values of G1, G2, and G3 occur with a
probability P = 0.02 where outliers can occur only at one end, or with P = 0.04 where they may occur at either end.

N 3 4 5 6 7
G1 .976 .846 .729 .644 .586

N 8 9 10 11 12 13
G2 .780 .725 .678 .638 .605 .578

N 14 15 16 17 18 19 20 21 22 23 24
G3 .602 .579 .559 .542 .527 .514 .502 .491 .481 .472 .464

Table 2

Test for groups containing outliers. Compute the range from the f observations in each of k groups, where all groups in the series are equal in
size. The observed ratio R* of the largest range to the sum of the k ranges will equal or exceed the following critical values at a probability of

P = 0.05.
No. of
Ranges k

Critical R* for Ranges Each from f Observations
2 3 4 5 6 7 8 9 10

2 0.962 0.862 0.803 0.764 0.736 0.717 0.702 0.691 0.682
3 .813 .667 .601 .563 .539 .521 .507 .498 .489
4 .681 .538 .479 .446 .425 .410 .398 .389 .382
5 .581 .451 .398 .369 .351 .338 .328 .320 .314

6 0.508 0.389 0.342 0.316 0.300 0.288 0.280 0.273 0.267
7 .451 .342 .300 .278 .263 .253 .245 .239 .234
8 .407 .305 .267 .248 .234 .225 .218 .213 .208
9 .369 .276 .241 .224 .211 .203 .197 .192 .188
10 .339 .253 .220 .204 .193 .185 .179 .174 .172

No. of
Ranges k

Critical (k + 2)R* for Ranges Each from f Observations
2 3 4 5 6 7 8 9 10

10 4.06 3.04 2.65 2.44 2.30 2.21 2.14 2.09 2.05
12 4.06 3.03 2.63 2.42 2.29 2.20 2.13 2.07 2.04
15 4.06 3.02 2.62 2.41 2.28 2.18 2.12 2.06 2.02
20 4.13 3.03 2.62 2.41 2.28 2.18 2.11 2.05 2.01
50 4.26 3.11 2.67 2.44 2.29 2.19 2.11 2.06 2.01
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where f is the number of sets, k is the number of treatments or doses,
and Tr’, Tt’, and T ’ are the incomplete totals for the randomized set,
treatment, and assay from which an observation is missing.
If the assay consists of n’ Latin squares with k rows in common,

replace a missing value by

where n’ is the number of Latin squares with k rows in common, k is
the number of treatments or doses, and Tc’, Tr’, Tt’, and T ’ are
respectively the incomplete totals for the column, row, treatment, and
assay from which an observation is missing.
If more than one value is missing, substitute the treatment mean

temporarily in all but one of the empty places, and compute y’ for the
other by Equation 1. Replace each of the initial substitutions in turn
by Equation 1, and repeat the process in successive approximations
until a stable y’ is obtained for each missing observation.

Calculation of Potency from a Single Assay

Directions for calculating potency from the data of a single assay
are given in the individual monographs. In those assays that specify
graphical interpolation from dosage-response curves but that meet
the conditions for assay validity set forth herein, potency may be
computed alternatively by the appropriate method in this section.
Planning the assay involves assigning to the Unknown an

assumed potency, to permit administering it in dosages equivalent
to those of the Standard. The closer the agreement between this
original assumption and the result of the assay, the more precise is
the calculated potency. The ratio of a given dose of the Standard, in
mg or in USP Units, to the corresponding dose of the Unknown,
measured as specified in the monograph, is designated uniformly by
R. The log-relative potency in quantities assumed initially to equal
those of the Standard is designated as M’.
Ideally, M’ should not differ significantly from zero. The log-

potency is

or

Assay from Direct Determinations of the Threshold Dose—
Tubocurarine Chloride Injection and Metocurarine Iodide are
assayed from the threshold dose that just produces a characteristic
biological response. The ratio of the mean threshold dose for the
Standard to that for the Unknown gives the potency directly. The
threshold dose is determined twice in each animal, once with the
Standard and once with the Unknown. Each dose is converted to its
logarithm, the difference (x) between the two log-doses is
determined for each animal, and potency is calculated from the
average of these differences.
In the Bacterial Endotoxins Test h85i, the geometric mean dilution

endpoint for the Unknown corresponding to the geometric mean
dilution endpoint for the Standard (multiplied by a dilution factor,
where applicable) gives the concentration of endotoxin in the test
material.
In these assays, the confidence interval depends upon the

variability in the threshold dose.
Indirect Assays from the Relationship between the Log-Dose

and the Response—Generally, the threshold dose cannot be
measured directly; therefore, potency is determined indirectly by
comparing the responses following known doses of the Standard
with the responses following one or more similar doses of the
Unknown. Within a restricted dosage range, a suitable measure of

the response usually can be plotted as a straight line against the log-
dose, a condition that simplifies the calculation of potency and its
confidence interval. Both the slope and position of the log-dose
response relationship are determined in each assay by the use of two
or more levels of the Standard, or, preferably, of both the Standard
and the Unknown.
In the assay of Heparin Sodium, the interval between the dose at

which clotting occurs and that which produces no clotting is so small
that the dosage-response curve is not determined explicitly. Moving
averages are used instead to interpolate the log-dose corresponding
to 50% clotting for both the Standard and the Unknown, leading to
the log-potency (see Calculation under Heparin Sodium). The
precision of the potency is estimated from the agreement between
independent assays of the same Unknown.
For a drug that is assayed biologically, the response should plot as

a straight line against the log-dose over an adequate range of doses.
Where a preliminary test is required or the assay depends upon
interpolation from a multi-dose Standard curve, plot on coordinate
paper the mean response of the Standard at each dosage level on the
ordinate against the log-dose x on the abscissa. If the trend is
basically linear over the required dosage range, the initial response
unit may be used directly as y; if, instead, the trend is clearly
curvilinear, a suitable transformation of each initial reading may
bring linearity.
One possible transformation is to logarithms; another, in microbial

tube assays, where y = (100 – % transmittance) does not plot linearly
against the log-dose x, is to probits. In this case, if absorbance cannot
be read directly, the percent transmittance for each tube or test
solution is first converted to absorbance, A = 2 – log(%
transmittance). Each absorbance value, in turn, is converted to %
reduction in bacterial growth as

where Ac is the mean density for the control tubes (without antibiotic
or with excess of vitamin) in the same set or tube rack. Percent
reduction is then transformed to a probit (see Table 3) to obtain a
new y for all later calculation. The probit transformation offers the
advantage of extending the working range of linearity even where a
portion of the dosage-response relationship is nonlinear in the
original units of percent transmittance, provided that the incubation
period does not extend beyond the logarithmic phase of growth of
the control tubes.The LD50 in the Safety test for Iron Dextran
Injection is calculated with log-doses and probits. The four doses of
the Injection, in mg of iron per kg of body weight, are transformed to
x1 = 2.574, x2 = 2.699, x3 = 2.875, and x4 = 3.000. The probits
corresponding to the number of deaths observed in each group of 10
mice are designated y1, y2, y3, and y4, respectively, and are given in
Table 3 for mortalities from 10 to 90 percent. For observed deaths of
0 and 10 adjacent to doses giving an intermediate mortality, use the
approximate probits 3.02 and 6.98, respectively; omit the end value
(at x1 or x4) if not adjacent to an intermediate mortality. Since the
information in a probit varies with its expectation, assign each probit
an approximate relative weight w for computing the LD50 of the
Injection, as shown in the accompanying table.

No. of
Deaths

0 or 10 1 or 9 2 or 8 3 or 7 4 to 6

Weight, w 0.3 0.7 1.0 1.2 1.3

Calculate the weighted means

from the sum of the weights, �w, of the four (or three) acceptable
responses and the corresponding weighted sums of the log-doses,
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�(wx), and of the probits, �(wy). From the sums of the weighted
products, �(wxy), and of the weighted squares, �(wx2), compute the
slope b of the log-dose-probit line as

The LD50 for this safety test, in mg of iron per kg of body weight, is
calculated as

In quantal assays not included in this Pharmacopeia, such as the
mouse assay for insulin, the calculation with probits involves other
adjustments that are omitted here.
When the mean response yt for each dose of Standard plots

linearly against the log-dose, and the k doses are spaced at equal
intervals on the logarithmic scale, the predicted responses (YL and
YH) at the extreme ends of the line of best fit can be computed
directly with the coefficients x* in Table 4, which correspond to the k
successive log-doses, as

where � stands uniformly for ‘‘the sum of’’ the values that follow it.
When YL and YH are plotted against the low and high log-doses, XL

and XH, respectively, they may be connected by a straight line with
the slope

At any selected log-dose x of Standard, the predicted response is

where x = �x/k, and y = (YL + YH)/2, or, for predictions within a set, y
is the mean response for the Standard within the set.

When the log-dose response relationship is linear, but the k doses
(expressed in mL) are spaced substantially in an arithmetic sequence
as in Table 5 (which refers to the microbial assays set forth under

Antibiotics—Microbial Assays h81i), the slope b of the straight line
of best fit may be computed with the terms in Table 5 and the mean
response at each dose yt, or Tt = fyt where the number of y’s(f) is
constant at each dose, as

The coefficients x1 are convenient multiples of the differences (x – x)
about the mean log-dose x, and eb’i is the corresponding multiple of
�(x – x)2. The predicted response Y at a given log-dose x may be
computed by substitution of the assay slope b in Equation 5 and of
the mean y either of all the responses on the Standard in the entire
assay or of those for each set separately.

POTENCIES INTERPOLATED FROM A STANDARD CURVE—Where the
log-dose response curve of the Standard in a given assay is
curvilinear and is fitted graphically to the plotted points, the amount
of Standard that would be expected to produce each observed
response y of an Unknown is estimated by interpolation from the
curve and then adjusted for the known concentration of its test
solution.
When the response to the Standard can be plotted linearly against

the log-dose, it is fitted numerically by a straight line, as described in
the preceding section. For assays in randomized sets, a standard
curve is computed with b for the assay and y for each set and the
response yU in each tube of a given Unknown in that set is converted
to an estimated log-relative potency,

where YS is the response predicted by the standard curve at the
assumed log-dose x of the Unknown. The average of the separate
estimates from each of f sets, M’ = �X/f, is the assayed log-relative
potency of the Unknown.
Factorial Assays from the Response to Each Treatment—

When some function of the response can be plotted linearly against
the log-dose, the assayed potency is computed from the total
response for each treatment, and its precision is measured in terms of
confidence intervals. This requires that (1) in suitable units the
response (y) depends linearly upon the log-dose within the dosage
range of the assay, and (2) the number ( f ) of responses be the same
at each dosage level of both Standard and Unknown. The y’s are
totaled at each dosage level of each preparation. In different
combinations, these totals, Tt, lead directly to the log-relative
potency and to tests of assay validity. The factorial coefficients in
Tables 6, 7, and 8 determine how they are combined. In a given row,
each Tt is multiplied by the corresponding coefficient and the
products summed to obtain Ti. The Ti’s in the successive rows carry
the same meaning in all assays.

Table 3

Probits (normal deviates + 5) corresponding to percentages in the margins.

0 1 2 3 4 5 6 7 8 9

0 — 2.67 2.95 3.12 3.25 3.36 3.45 3.52 3.59 3.66
10 3.72 3.77 3.82 3.87 3.92 3.96 4.01 4.05 4.08 4.12
20 4.16 4.19 4.23 4.26 4.29 4.33 4.36 4.39 4.42 4.45
30 4.48 4.50 4.53 4.56 4.59 4.61 4.64 4.67 4.69 4.72
40 4.75 4.77 4.80 4.82 4.85 4.87 4.90 4.92 4.95 4.97
50 5.00 5.03 5.05 5.08 5.10 5.13 5.15 5.18 5.20 5.23
60 5.25 5.28 5.31 5.33 5.36 5.39 5.41 5.44 5.47 5.50
70 5.52 5.55 5.58 5.61 5.64 5.67 5.71 5.74 5.77 5.81
80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23
90 6.28 6.34 6.41 6.48 6.55 6.64 6.75 6.88 7.05 7.33

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
99 7.33 7.37 7.41 7.46 7.51 7.58 7.65 7.75 7.88 8.09
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Ta in the first row measures the difference in the average response
to the Standard and to the Unknown. Tb in the second row leads
directly to the combined slope of the dosage-response curves for
both Standard and Unknown. The third to the fifth rows (ab, q, and

aq) provide tests for the validity of an assay, as described in a later
section. From the totals Ta and Tb, compute the log-relative potency
of the Unknown, before adjustment for its assumed potency, as

where i is the interval in logarithms between successive log-doses of
both the Standard and the Unknown, and the constant c is given
separately at the bottom of each table. EachM’ is corrected to its log-
potency M by Equation 2.

Table 4

Coefficients x* for computing the responses YL and YH predicted by least squares at the lowest and highest of k log-doses when these are
spaced at equal intervals.

No. of Doses
Predicted End

Y

Coefficient x* for Mean Response yt at Log-Dose

Divisor1 2 3 4 5 6
3 YL 5 2 –1 6

YH –1 2 5 6
4 YL 7 4 1 –2 10

YH –2 1 4 7 10
5 YL 3 2 1 0 –1 5

YH –1 0 1 2 3 5
6 YL 11 8 5 2 –1 –4 21

YH –4 –1 2 5 8 11 21

Table 5

Coefficients x1 for computing the slope b of a log-dose response curve when the doses are spaced on an arithmetic scale as shown.
Coefficients x1 for Computing b from the Responses y at Doses, in mL, of

No. of Doses 1 1.5 2 3 4 5 Divisor eb’i
Mean Log-
Dose x

4 — –29 –12 12 29 — 14.4663 0.38908
5 –34 — –9 5 15 23 24.7827 0.41584
5 — –20 –11 2 11 18 13.3249 0.45105
6 –15 –8 –3 4 9 13 14.1017 0.37588

Table 6

Factorial coefficients x1 for analyzing a balanced bioassay, in which successive log-doses of Standard (Si) and of Unknown (Ui) are spaced
equally, each with the same number (f) of responses totaling Tt.

Factorial Coefficients x1 for Each Dose

Design Row S1 S2 S3 S4 U1 U2 U3 U4 ei Ti

2,2 a –1 –1 1 1 4 Ta

b –1 1 –1 1 4 Tb

ab 1 –1 –1 1 4 Tab

3,3 a –1 –1 –1 1 1 1 6 Ta

b –1 0 1 –1 0 1 4 Tb

ab 1 0 –1 –1 0 1 4 Tab

q 1 –2 1 1 –2 1 12 Tq

aq –1 2 –1 1 –2 1 12 Taq

4,4 a –1 –1 –1 –1 1 1 1 1 8 Ta

b –3 –1 1 3 –3 –1 1 3 40 Tb

ab 3 1 –1 –3 –3 –1 1 3 40 Tab

q 1 –1 –1 1 1 –1 –1 1 8 Tq

aq –1 1 1 –1 1 –1 –1 1 8 Taq

Value of Constant for Design

For Computing Equation No. Constant 2,2 3,3 4,4
M’ 8, 10 c 1 4/3 5
L 26, 29 c’ 1 8/3 5
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When doses are spaced unequally on a log scale, as in Table 8, use
instead the constant ci at the bottom of the table.

In a fully balanced assay, such as the assay for corticotropin,
compute M’ with the coefficients in Table 6. If one preparation has
one less dose than the other but the successive log-doses of both

Table 7

Factorial coefficients x1 for analyzing a partially balanced assay, in which successive log-doses of Standard (Si) and of Unknown (Ui) are
spaced equally, each with the same number ( f ) of responses totaling Tt. If the number of successive doses of the Unknown exceeds by one the

number on the Standard, interchange Si and Ui in the heading and reverse all signs in rows a, ab, and aq.
Factorial Coefficients x1 for Each Dose

Design Row S1 S2 S3 S4 U1 U2 U3 ei Ti

2,1 a –1 –1 2 6 Ta

b –1 1 0 2 Tb

3,2 a –2 –2 –2 3 3 30 Ta

b –2 0 2 –1 1 10 Tb

ab 1 0 –1 –2 2 10 Tab

q 1 –2 1 0 0 6 Tq

4,3 a –3 –3 –3 –3 4 4 4 84 Ta

b –3 –1 1 3 –2 0 2 28 Tb

ab 3 1 –1 –3 –5 0 5 70 Tab

q 3 –3 –3 3 2 –4 2 60 Tq

aq –1 1 1 –1 1 –2 1 10 Taq

Value of Constant for Design

For Computing Equation No. Constant 2,1 3,2 4,3

M’ 8, 10 c 1/2 5/6 7/6
L 26, 29 c’ 3/4 25/12 49/12

Table 8

Factorial coefficients x1 for analyzing assays with a 3- or 4-dose sequence of 1.5, 2.0, 3.0, and 4.0, each dose having the same number ( f ) of
responses.

Dose of Standard Dose of Unknown

Design Row 1.5 2.0 3.0 4.0 1.5 2.0 3.0 4.0 ei Ti

4,4 a –1 –1 –1 –1 1 1 1 1 8 Ta

b –29 –12 12 29 –29 –12 12 29 3940 Tb

ab 29 12 –12 –29 –29 –12 12 29 3940 Tab

q 1 –1 –1 1 1 –1 –1 1 8 Tq

aq –1 1 1 –1 1 –1 –1 1 8 Taq

3,3 a –1 –1 –1 1 1 1 6 Ta

b –25 –3 28 –25 –3 28 2836 Tb

ab 25 3 –28 –25 –3 28 2836 Tab

q 31 –53 22 31 –53 22 8508 Tq

aq –31 53 –22 31 –53 22 8508 Taq

3,3 a –1 –1 –1 1 1 1 6 Ta

b –28 3 25 –28 3 25 2836 Tb

ab 28 –3 –25 –28 3 25 2836 Tab

q 22 –53 31 22 –53 31 8508 Tq

aq –22 53 –31 22 –53 31 8508 Taq

Value of Constant for Design

For Computing Equation No. Constant 4,4 3,3

M’ 8, 10 ci 7.2332 5.3695
L 26, 29 c’i2 0.10623 0.06100
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Standard and Unknown differ by a constant interval i, use the
factorial coefficients in Table 7, correcting for the actual difference
between the observed mean log-doses, xS and xU, by computing

In assays where the successive doses are not spaced at equal log-
intervals, the log-relative potency of a single Unknown may be
computed by Equation 8 with the factorial coefficients and ci in
Table 8.
In an assay of two or more Unknowns against a common

Standard, all with dosage-response lines that are parallel within the
experimental error, each log-relative potency may be computed with
the same assay slope as follows. For each preparation, determine the
slope factor Tb’ = �(x1Tt) or �(x1y), where the values of x1 are the
factorial coefficients for the Standard in the appropriate row b of
Table 6 or 8. The log-relative potency of each Unknown is

where h’ is the number of values of Tb’ summed in the denominator.
Assays from Differences in Response—When doses of the

Standard and Unknown are paired and the difference in response is
computed for each pair, these differences are not affected by
variations in the average sensitivity of the paired readings. The
paired 2-dose insulin assay corresponds to the first design in Table 6,
and requires four equal groups of rabbits each injected twice (see
Insulin Assays h121i). The difference (y) in the blood sugar response
of each rabbit to the two treatments leads to the log-relative potency
M’ (see the first two paragraphs of the section, Calculation of
Potency from a Single Assay). The Vasopressin Injection assay
follows a similar design, substituting two or more randomized sets of
four successive pairs of injections into rats for the four treatment
groups of rabbits in the insulin assay.
Oxytocin Injection is assayed from blood pressure changes in a

single test animal following alternating injections of a single dose of
Standard and of one of two doses of the Unknown. The calculation
of potency from the differences in the response of the Unknown and
to the average of the two adjacent responses to the Standard is
equivalent to the first design in Table 7 with S and U reversed, where
i is the log-interval between the two dosage levels of the Unknown.

Experimental Error and Tests of Assay Validity

As the term is used here, ‘‘experimental error’’ refers to the
residual variation in the response of biological indicators, not to a
mistake in procedure or to an outlier that needs replacement. It is
measured in terms of the error variance of a single response or other
unit, which is designated uniformly as s2, despite differences in the
definition of the unit. It is required in tests of assay validity and in
computing the confidence interval.
Error Variance of a Threshold Dose—The individual threshold

dose is measured directly in some assays. In a Digitalis assay,
designate each individual threshold dose by the symbol z, the
number or frequency of z’s by f, and the total of the z’s for each
preparation by T, with subscripts S and U for Standard and
Unknown, respectively. Compute the error variance of z as

with n = fS + fU – 2 degrees of freedom. In the assay of Tubocurarine
Chloride Injection, each log-threshold dose of the Unknown is
subtracted from the corresponding log-dose of the Standard in the
same rabbit to obtain an individual difference x. Since each x may be
either positive or negative (+ or –), it is essential to carry the correct
sign in all sums. Designate the total of the x’s for the animals injected
with the Standard on the first day as T1, and for those injected with

the Standard on the second day as T2. Compute the error variance of
x with n = N – 2 degrees of freedom as

where N is the total number of rabbits that complete the assay,
excluding any replacement for a missing value to equalize the size of
the two groups.
Error Variance of an Individual Response—In the Pharmaco-

peial assays, differences in dose that modify the mean response are
assumed not to affect the variability in the response. The calculation
of the error variance depends upon the design of the assay and the
form of the adjustment for any missing values. Each response is first
converted to the unit y used in computing the potency. Determine a
single error variance from the combined deviations of the y’s around
their respective means for each dosage level, summed over all levels.
Doubtful values of y may be tested as described under Rejection of
Outlying or Aberrant Observations, and proved outliers may be
replaced as missing values (see Replacement of Missing Values).
In the simplest design, the units of response are assigned at

random to each dosage level, as in the assay for corticotropin. If a
missing value is replaced by adding the mean of the remaining y’s at
any given dosage level to their total, the degrees of freedom (n) in
the error variance are reduced by one for each replacement but no
other change is needed in the calculation. Assuming that f is then the
same for all doses or groups, compute the error variance from the
variation within doses of all the y’s as

where Tt is the total at each dose of the f values of y, there are k totals
Tt and the degrees of freedom n = �f – k, with �f diminished by
1 for each replacement.
If variations in f are adjusted by subtracting a group mean from its

group total, compute the error variance from the observed y’s and the
unadjusted totals Tt as

where n = �f – k.
In the calculation of the result of an assay using the coefficients of

Table 6 or 8, s2 may be computed from the response y for each of the
h’ preparations, including the h Unknowns and the corresponding
dosage levels of the Standard. For each preparation, compute T’ =
�y and the slope factor Tb’ = �(x1y) where the values of x1 are the
factorial coefficients for the Standard in the appropriate row b of
Table 6 or 8. The error variance for the assay is

where the degrees of freedom n = h’(k – 1) – 1, and eb is the ei from
the same table and row as the coefficients x1.
The Error Variance in Restricted Designs—In some assays, the

individual responses occur in randomized sets of three or more.
Examples of sets are litter mates in the assay of vitamin D, the
cleared areas within each plate in an antibiotic assay, and the
responses following four successive pairs of injections in the
vasopressin assay. Arrange the individual y’s from these assays in a
2-way table, in which each column represents a different treatment or
dose and each row a randomized set. Losses may be replaced as
described under Replacement of Missing Values. The k column totals
are the Tt’s required for the analysis of balanced designs. The f row
totals (Tr) represent a source of variation that does not affect the
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estimated potency and hence is excluded from the assay error.
Compute the approximate error variance from the squares of the
individual y’s and of the marginal totals as

where T = �Tr = �Tt, and the n = (k – 1)(f – 1) degrees of freedom
must be diminished by one for any gap in the original table that has
been filled by computation.
When the order of treatment is an additional potential source of

variation, its effect can be corrected by the dose regimen for a series
of n’ Latin squares with k rows in common, such as that for the two
Latin squares in the dose regimens 1 to 4 and 5 to 8 in the assay of
Glucagon for Injection. List the observed responses y of each test
animal in a separate column in the order of dosing. The responses to
each of the k doses then occur equally often in each of the k rows and
of the n’k columns, where n’ is the number of Latin squares. Total the
responses y in each row (Tr) in each column (Tc), and, in a separate
listing, for each dose or treatment (Tt). An occasional lost reading
may be replaced by Equation 1a as described under Replacement of
Missing Values. Compute the error variance from the squares of the
individual y’s and of the marginal and treatment totals as

where T = �y = �Tr = �Tc = �Tt, N = n’k2, and the n = (k – 1)(n’k –
2) degrees of freedom must be diminished by one for any gap in the
original table that has been filled by computation.
In assays where the reactions occur in pairs, the differences

between test animals or paired reactions are segregated automatically
by calculating the assay with the difference within a pair as the
response. With insulin, the response is the difference y in the blood
sugar of a single rabbit following two injections (see Insulin Assay
h121i). After adjustment for rabbits lost during the assay, compute
the error variance of y from the responses in all four groups and from
the group totals Ti = T1 to T4 as

where the number of rabbits f is the same in each group and the
degrees of freedom, n = 4(f – 1), are reduced by one for each
replacement of a rabbit lost during the assay. In the Oxytocin
Injection assay, each y represents the difference between the blood
pressure response to a dose of the Unknown and the average for the
two adjacent doses of Standard. Compute the error variance of y as

with n = 2(f – 1) degrees of freedom, where T1 is the total of the y’s
for the low dose of the Unknown and T2 that for the high dose.
In a microbial assay calculated by interpolation from a standard

curve, convert each difference between two paired responses to units
of log-dose, X, by the use of Equation 7. With each difference X as
the unit, a composite s2 is computed from the variation in the f values
of X for each Unknown, totaled over the h Unknowns in the assay, as

where Tx = �X for a single Unknown and the degrees of freedom n =
�f – h.
Tests of Assay Validity— In addition to the specific requirements

in each monograph and a combined log-dose response curve with a
significant slope (see the statistic C in the next section), two
conditions determine the validity of an individual factorial assay: (1)
the log-dose response curve for the Unknown must parallel that for
the Standard within the experimental error, and (2) neither curve may
depart significantly from a straight line. When the assay has been
completely randomized or consists of randomized sets, the necessary
tests are computed with the factorial coefficients for ab, q, and aq
from Tables 6 to 8 and the treatment totals Tt. Sum the products of
the coefficients in each row by the corresponding Tt’s to obtain the
product total Ti, where the subscript i stands in turn for ab, q, and aq,
respectively. Each of the three ratios, Ti

2/ei f, is computed with the
corresponding value of ei from the table and with f equal to the
number of y’s in each Tt. That in row ab tests whether the dosage-
response lines are parallel, and is the only test available in a 2-dose
assay. With three or more doses of both preparations, that in row q is
a test of combined curvature in the same direction, and in row aq of
separate curvatures in opposite directions. If any ratio in a 3- or 4-
dose assay exceeds s2 as much as three-fold, compute

For a 2-dose assay, compute instead

and for a 3,2 assay (Table 7) determine

For a valid assay, F1, F2, or F3 does not exceed the value given in
Table 9 (at odds of 1 in 20) for the degrees of freedom n in s2.

An assay may fail the test for validity and still provide a
contributory estimate of potency that can be combined profitably
with the result of a second assay of the same Unknown, as described
in a later section. An end dosage level for either the Standard or the
Unknown, or both, may fall outside the linear zone. With three or
more dosage levels and relatively large values of Ta, Tab, and Taq, the
total response Tt at an end dose of one preparation may approach an
upper or lower limit and be responsible for the large values of Tab and
Taq. This Tt may be omitted and the assay recomputed with the
appropriate design in Table 7. If the assay then meets the test in
Equation 20, or 22, the resulting potency, M, may be combined with
that of a second assay in computing the log-potency of the Unknown
(see under Combination of Independent Assays). If Ta is not
significant but Tq shows significant combined curvature, the largest
(or smallest) dose of both preparations may be too large (or too
small). Their omission may lead to a valid assay with the factorial
coefficients for the next smaller design in Table 6 or 8. A statistically
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significant Tq or �Tq’ may be neglected and all dosage levels retained
without biasing the computed log-potency M’ and its confidence
interval by more than 5% when the following inequality is true:

where each Tb’ and Tq’ is computed with the Tt’s (or y’s) for a single
preparation multiplied by the coefficients for the Standard in rows b
and q, respectively. If both Ta and Tab are significant in a 2-dose
assay, one Tt may be outside the linear zone. Sometimes a
preliminary or contributory estimate of potency can be computed
from the remaining three values of Tt and the first design in Table 7.
In assays of insulin and of other drugs in which the responses are
paired, the test for parallelism is so insensitive that it is omitted. If
the tubes in each set are arranged systematically instead of at random
in a microbial assay, the tests for validity may be subject to bias from
positional effects.

The Confidence Interval and Limits of Potency

A bioassay provides an estimate of the true potency of an
Unknown. This estimate falls within a confidence interval, which is
computed so that the odds are not more than 1 in 20 (P = 0.05) that
the true potency either exceeds the upper limit of the confidence
interval or is less than its lower limit. Since this interval is
determined by a number of factors that may influence the estimate of
potency, the required precision for most bioassays is given in the
monograph in terms of the confidence interval, related either to the
potency directly or to its logarithm.
General Calculation—Despite their many forms, bioassays fall

into two general categories: (1) those where the log-potency is
computed directly from a mean or a mean difference, and (2) those
where it is computed from the ratio of two statistics.

(1) When the log-potency of an assay is computed as the mean of
several estimated log-potencies that are approximately equal in
precision, the log-confidence interval is

where s is the standard deviation of a single estimated log-potency, t
is read from Table 9 with the n degrees of freedom in s, and k is the
number of estimates that have been averaged. The same equation
holds where the log-potency is computed as the mean x of k
differences x, with s the standard deviation of a single x. In either
case, the estimated log-potency M is in the center of its confidence
interval, so that its confidence limits are

The upper and lower limits are converted to their antilogarithms to
obtain the limits as explicit potencies.
(2) More often, the log-potency or potency is computed from a

ratio, and in these cases the length of the confidence interval is
typified by the log-interval in the equation

where M’ is the log-relative potency as defined (see Calculation of
Potency from a Single Assay), i is the log-interval between
successive doses, and c’ is a constant characteristic of the assay
procedure. The remaining term C depends upon the precision with
which the slope of the dosage-response curve has been determined.

Table 9

Values of t, t2, F i and �2 for different degrees of freedom n that will be exceeded with a probability P = 0.05 (or 0.95 for confidence
intervals).{

n t t2 = F1 F2 F3 �2 n t t2 = F1 F2 F3 �2

1 12.706 161.45 — — 3.84 19 2.093 4.381 3.52 3.13 30.1
2 4.303 18.51 19.00 19.16 5.99 20 2.086 4.351 3.49 3.10 31.4
3 3.182 10.128 9.55 9.28 7.82 21 2.080 4.325 3.47 3.07 32.7
4 2.776 7.709 6.94 6.59 9.49 22 2.074 4.301 3.44 3.05 33.9
5 2.571 6.608 5.79 5.41 11.07 23 2.069 4.279 3.42 3.03 35.2
6 2.447 5.987 5.14 4.76 12.59 24 2.064 4.260 3.40 3.01 36.4
7 2.365 5.591 4.74 4.35 14.07 25 2.060 4.242 3.38 2.99 37.7
8 2.306 5.318 4.46 4.07 15.51 26 2.056 4.225 3.37 2.98 38.9
9 2.262 5.117 4.26 3.86 16.92 27 2.052 4.210 3.35 2.96 40.1
10 2.228 4.965 4.10 3.71 18.31 28 2.048 4.196 3.34 2.95 41.3
11 2.201 4.844 3.98 3.59 19.68 29 2.045 4.183 3.33 2.93 42.6
12 2.179 4.747 3.89 3.49 21.03 30 2.042 4.171 3.32 2.92 43.8
13 2.160 4.667 3.81 3.41 22.36 40 2.021 4.085 3.23 2.84 55.8
14 2.145 4.600 3.74 3.34 23.68 60 2.000 4.001 3.15 2.76 79.1
15 2.131 4.543 3.68 3.29 25.00 120 1.980 3.920 3.07 2.68 146.6
16 2.120 4.494 3.63 3.24 26.30 1 1.960 3.841 3.00 2.60
17 2.110 4.451 3.59 3.20 27.59
18 2.101 4.414 3.55 3.16 28.87

{ Adapted from portions of Tables III to Vof ‘‘Statistical Tables for Biological, Agricultural and Medical Research,’’ by R. A. Fisher and F. Yates, published by
Oliver and Boyd, Ltd., Edinburgh.
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(This is sometimes expressed in terms of g = (C – 1)/C.) In factorial
assays, it is computed as

where s2 is the error variance of a single observation, t2 is read from
Table 9 with the degrees of freedom in s2, f is the number of
responses in each Tt used in calculating Tb, and Tb and eb are
computed with the factorial coefficients for row b in Tables 6 to 8.
The s2 in Equation 26 depends upon the design of the assay, as
indicated for each drug in the next section. In a valid assay, C is a
positive number.
In an assay of two or more Unknowns against a common

Standard, all with dosage-response curves that are parallel within the
experimental error, C may be computed with the error variance s2 for
the assay and with the assay slope as

The slope factor Tb’ = �(x1Tt) or �(x1y) for each of the h’
preparations, including the Standard, is computed with the factorial
coefficients x1 for the Standard in the appropriate row b of Table 6 or
8. If a treatment total Tt includes one or more replacements for a
missing response, replace eb f in Equation 27, or eb fh’/2 in Equation
28, by f2�(x12/f’), where each x1 is a factorial coefficient in row b of
Tables 6 to 8, in this chapter, and f’ is the number of responses in the
corresponding Tt before adding the replacement. With this C,
compute the confidence interval as

In assays computed from a ratio, the most probable log-potency M
is not in the exact center of the confidence interval. The upper and
lower confidence limits in logarithms are

C is often very little larger than unity, and the more precise the assay,
the more nearly C approaches 1 exactly. R = zS / zU is the ratio of
corresponding doses of the Standard and of the Unknown or the
assumed potency of the Unknown. The upper and lower confidence
limits in log-potencies are converted separately to their antiloga-
rithms to obtain the corresponding potencies.
Confidence Intervals for Individual Assays—Since the confi-

dence interval may vary in detail from the above general patterns,
compute it for each assay by the special directions given under the
name of the substance in the paragraphs following.
Antibiotic Assays—The confidence interval may be computed by

Equations 24 and 25.
Calcium Pantothenate—For log-potencies obtained by interpola-

tion from the Standard curve, the confidence interval may be
computed with Equations 19 and 24. For log-potencies calculated
with Equation 8 or 10, s2 may be computed with Equation 15, C with
Equation 27 or 28, and the confidence interval L with Equation 26 or
29.
Corticotropin Injection—Compute the log confidence interval by

Equations 26 and 27, with the coefficients and constants in Table
6 for a 3-dose assay, and s2 as determined by Equation 13 or 14.

Digitalis—Compute the confidence interval as

where fU and fS are the number of observations on the Unknown and
on the Standard, and

is determined with s2 from Equation 11. The confidence limits for the
potency in USP Units are then

in which R is as defined in the Glossary of Symbols.
Glucagon for Injection—Compute the error variance s2 by

Equation 15a, C by Equation 27 with eb f = 16n’, and the log
confidence interval L by Equation 26 with c’i2 = 0.09062.
Chorionic Gonadotropin—Proceed as directed under Corticotro-

pin Injection.
Heparin Sodium—If two independent determinations of the log-

potency M differ by more than 0.05, carry out additional assays and
compute the error variance among the N values of M as

with n = N – 1 degrees of freedom. Given this value, determine the
confidence interval in logarithms (L) by Equation 24.
Insulin Injection—Compute the error variance (s2) of y by

Equation 16 and C as

where t 2 from Table 9 depends upon n = 4( f – 1) degrees of freedom
in s2 and N = 4f is the total number of differences in the four groups.
By Equation 26, compute the confidence interval L in logarithms,
where c’i 2 = 0.09062. The upper and lower confidence limits in USP
Units of insulin are given by the antilogarithms of XM from Equation
30.
Oxytocin Injection—Compute the approximate log confidence

interval by Equation 26, in which

where s2 is defined by Equation 18, and
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Tubocurarine Chloride Injection—Compute the error variance by
Equation 12, and the confidence interval by Equation 24.
Vasopressin Injection—Compute the error variance s2 by Equation

16, C by Equation 35, and the log confidence interval by Equation
26, where c’ = 1 and i is the log-interval separating the two dosage
levels.
Vitamin B12 Activity—Proceed as directed under Calcium Panto-

thenate.

Combination of Independent Assays

When the method permits, additional animals can be added to an
insufficiently precise assay until the combined results reduce the
confidence interval within the limits specified in the monograph.
Where two or more independent assays are required, each leading to
a log-potency M, the M’s are combined in determining the weighted
mean potency of the Unknown. Except in the Heparin Sodium assay,
where the log-potencies are weighted equally, the relative precisions
of the two or more independentM’s determine the weight assigned to
each value in computing their mean and its confidence interval.
Before combining two or more separate estimates of M, test their

mutual consistency. If the M’s are consistent, their respective
confidence intervals will overlap. Where the intervals do not overlap
or where the overlap is small, compute an approximate �M

2. Assign
each of the h individual assays a weight w, defined as

where the length of the confidence interval L is computed with the
appropriate equation from the preceding section, and t2 is read from
Table 9 for the degrees of freedom n in the error variance of the
assay. Sum the individual weights to obtain �w. Then an
approximate �2 with h – 1 degrees of freedom is determined as

For two assays with log-potencies M1 and M2 and weights w1 and w2,
Equation 35 reduces to

with one degree of freedom. If the approximate �M
2 is well under the

critical value for �2 in Table 9, use the weights w in computing the
mean log-potencyM and its confidence interval, L. If �M

2 approaches
or exceeds this critical value, use instead the semi-weights w’
(Equation 47) when computing M.
Compute the mean log-potency M of two or more mutually

consistent assays as

This is the most probable single value within a combined confidence
interval of length Lc, defined as the square root of

where each n’ = n – 4(h – 2)/(h – 1) and tL2 is interpolated from Table
9 with the degrees of freedom

For two assays (h = 2) with log-potencies M1 and M2 and weights w1

and w2, respectively, the above equation may be rewritten as

where �w = w1 + w2. Where Lc, the confidence interval for a
combined estimate, does not exceed the requirement in a
monograph, upper and lower confidence limits are taken ½Lc

above and below M, to obtain approximately a 95% confidence
interval.
Where the variation in the assayed potency between the h

independent determinations, as tested by �M
2, approaches or exceeds

P = 0.05, the several estimates are assigned semi-weights w’. From
the weight w, compute the variance of each M as

Calculate the variance of the heterogeneity between assays as

or if h = 2,

Where V varies so markedly that v calculated as above is a negative
number, compute instead an approximate v by omitting the term
following the minus sign in Equations 45 and 46. A semi-weight is
defined as

Substitute w’ and �w’ for w and �w in Equation 41 to obtain the
semi-weighted mean M. This falls near the middle of a confidence
interval of approximate length Lc’, where

and t2 from Table 9 has �n degrees of freedom.
Where �M2 in Equation 39, from h = 4 or more estimates of M,

exceeds the critical level in Table 9 by more than 50%, and the
weights w differ by less than 30%, the h estimates of M may be
checked for a suspected outlier with Table 1. Where significant, the
outlying M may be omitted in computing M with w’.
Where the potency of a drug is determined repeatedly in a given

laboratory by the same bioassay method, successive determinations
of both the slope b and the error variance s2 may scatter randomly
within the sampling error about a common value for each parameter.
Plotting estimates from successive assays on a quality control chart
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for each statistic and computing the midvalue and control limits
defining the allowable random variation make it possible to check
continuously the consistency of an assay technique. Where estimates
of b and s2 from a single assay fall within the control limits, they may
be replaced by their laboratory means. Reject any assay in which
these statistics fall outside the control limits, or accept it only after
close scrutiny with respect to its validity.

Joint Assay of Several Preparations

Each monograph describes the assay of a single Unknown against
the Standard. Although not provided explicitly, several different
Unknowns are often included in the same assay and each is
compared separately with the same responses to the Standard. This
fact may warrant increasing the number of observations with the
Standard. Given f observations at each dosage level of each of h
different Unknowns, the number of observations at each dosage level
of the Standard may be increased advantageously, if h is large, to

This rule can be applied only approximately where litter differences
or their equivalent must be segregated, and in any case is merely
suggestive.
If all of several assays conducted concurrently meet the

requirements for validity, and have linear log-dose response curves
with the same slope b and the same error variance s2 about these
lines, these two statistics may be considered as characteristic of the
assay. Combining all of the evidence from the same assay into a
single value of the assay slope results in a more stable and reliable
estimate of b than if each Unknown were analyzed independently.
The degrees of freedom and reliability of the error variance s2 can be
increased similarly. Confidence intervals computed with these
composite values for b and s2 are smaller on the average than if
based upon only part of the relevant data. For the calculation or
application of such assay estimates, see Equations 10, 15, 16, 19, 28,
and 29. The potency estimated with a slope computed from a single
Unknown and the Standard agrees within a fraction of the confidence
interval with that computed from the combined slope for the entire
assay. Since it is based upon more evidence, the latter is considered
the better estimate.

GLOSSARY

Glossary of Symbols

A absorbance for computing % reduction in bacte-
rial growth from turbidimetric readings.

b slope of the straight line relating response (y) to
log-dose (x) [Equations 2b, 4, 5, 6].

c constant for computing M’ with Equations 8
and 10.

c’ constant for computing L with Equations 26
and 29.

ci constant for computing M’ when doses are
spaced as in Table 8.

c’i2 constant for computing L when doses are spaced
as in Table 8.

C term measuring precision of the slope in a
confidence interval [Equations 27, 28, 35, 36].

�2 statistical constant for testing significance of a
discrepancy [Table 9].

�M2 �2 testing the disagreement between different
estimates of log-potency [Equations 39, 40].

eb ei from row b in Tables 6 to 8.
eb’i multiple of �(x – x)2 [Table 5; Equation 6].
ei sum of squares of the factorial coefficients in

each row of Tables 6 to 8.
eq ei from row q in Tables 6 to 8.

Glossary of Symbols (Continued)

f number of responses at each dosage level of a
preparation; number of replicates or sets.

fS number of observations on the Standard.
fU number of observations on the Unknown.
F1 to F3 observed variance ratio with 1 to 3 degrees of

freedom in numerator [Table 9].
G1, G2, and G3 relative gap in test for outlier [Table 1].
h number of Unknowns in a multiple assay.
h’ number of preparations in a multiple assay,

including the Standard and h Unknowns; i.e.,
h’ = h + 1.

i interval in logarithms between successive
log-doses, the same for both Standard
and Unknown.

k number of estimated log-potencies in an average
[Equation 24]; number of treatments or doses
[Table 4; Equations 1, 13, 15, 16]; number of
ranges or groups in a series [Table 2]; number
of rows, columns, and doses in a single Latin
square [Equations 1a, 16a].

L length of the confidence interval in logarithms
[Equations 24, 26, 29, 38], or in terms of a
proportion of the relative potency of the
dilutions compared [Equations 31, 33].

Lc length of a combined confidence interval
[Equations 42, 43].

Lc’ length of confidence interval for a semi-weighted
mean M [Equation 48].

LD50 lethal dose killing an expected 50% of the
animals under test [Equation 2c].

M log-potency [Equation 2].
M’ log-potency of an Unknown, relative to its

assumed potency.
M mean log-potency.
n degrees of freedom in an estimated variance s2 or

in the statistic t or �2.
n’ number of Latin squares with rows in common

[Equations 1a, 16a].
N number; e.g., of observations in a gap test

[Table 1], or of responses y in an assay
[Equation 16].

P probability of observing a given result, or of the
tabular value of a statistic, usually P = 0.05 or
0.95 for confidence intervals [Tables 1, 2, 9].

P* potency, P* = antilog M or computed directly.
R ratio of a given dose of the Standard to the

corresponding dose of the Unknown, or
assumed potency of the Unknown [Equations 2,
30, 33].

R* ratio of largest of k ranges in a series to their sum
[Table 2].

s =
p
s2 standard deviation of a response unit, also of a

single estimated log-potency in a direct assay
[Equation 24].

s2 error variance of a response unit.
Si a log-dose of Standard [Tables 6, 7].
� ‘‘the sum of.’’
t Student’s t for n degrees of freedom and

probability P = 0.05 [Table 9].
T total of the responses y in an assay [Equation 16].
T ’ incomplete total for an assay in randomized sets

with one missing observation [Equation 1].
T1 �(y) for the animals injected with the Standard

on the first day [Equations 18, 36].
T2 �(y) for the animals injected with the Standard

on the second day [Equations 18, 36].
Ta Ti for the difference in the responses to the

Standard and to the Unknown [Tables 6 to 8].
Tab Ti for testing the difference in slope between

Standard and Unknown [Tables 6 to 8].
Taq Ti for testing opposed curvature in the curves for

Standard and Unknown [Tables 6 to 8].
Tb
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Glossary of Symbols (Continued)

Ti for the combined slope of the dosage-response
curves for Standard and Unknown [Tables 6 to
8].

Tb’ �(x1Tt) or �(x1y) for computing the slope of the
log-dose response curve [Equations 10, 23,
28].

Ti sum of products of Tt multiplied by the
corresponding factorial coefficients in each
row of Tables 6 to 8.

Tq Ti for testing similar curvature in the curves for
Standard and Unknown [Tables 6 to 8].

Tr row or set total in an assay in randomized sets
[Equation 16].

Tr’ incomplete total for the randomized set with a
missing observation in Equation 1.

Tt total of f responses y for a given dose of a
preparation [Tables 6 to 8; Equations 6, 13,
14, 16].

Tt’ incomplete total for the treatment with a missing
observation in Equation 1.

Ui a log-dose of Unknown [Tables 6 to 8].
v variance for heterogeneity between

assays [Equation 45].
V = 1/w variance of an individual M [Equations 44 to 47].
w weight assigned to the M for an individual assay

[Equation 38], or to a probit for computing an
LD50 [Equations 2a, 2b].

w’ semi-weight of each M in a series of assays
[Equations 47, 48].

x a log-dose of drug in a bioassay [Equation 5];
also the difference between two log-threshold
doses in the same animal [Equation 12].

x* coefficients for computing the lowest and highest
expected responses YL and YH in a log-dose
response curve [Table 4; Equation 3].

x1 a factorial coefficient that is a multiple of (x – x)
for computing the slope of a straight line
[Table 5; Equation 6].

x mean log-dose [Equation 5].
xS mean log-dose for Standard [Equation 9].
xU mean log-dose for Unknown [Equation 9].
X log-potency from a unit response, as interpolated

from a standard curve [Equations 7a, 7b, 19].
XM confidence limits for an estimated log-potency M

[Equations 25, 30].
XP* confidence limits for a directly estimated

potency P* (see Digitalis assay) [Equation 33].
y an observed individual response to a dose of

drug in the units used in computing potency
and the error variance [Equations 13 to 16];
a unit difference between paired responses in
2-dose assays [Equations 17, 18].

y1 . . . yN observed responses listed in order of magnitude,
for computing G1, G2, or G3 in Table 1.

y’ replacement for a missing value [Equation 1].
y mean response in a set or assay [Equation 5].
yt mean response to a given treatment

[Equations 3, 6].
Y a response predicted from a dosage-response

relationship,often with qualifying subscripts
[Equations 3 to 5].

z threshold dose determined directly by titration
(see Digitalis assay) [Equation 11].

z mean threshold dose in a set (see Digitalis assay)
[Equations 31, 32, 33].

&INTRODUCTION

Although advances in chemical characterization have

reduced the reliance on bioassays for many products,

bioassays are still essential for the determination of potency

and the assurance of activity of many proteins and complex

mixtures, as well as for their central role in monitoring the

stability of biological products. The intended scope of the

revised USP general chapter h111i includes guidance for the

analysis of results both of bioassays described in the United

States Pharmacopeia (USP) and of non-USP bioassays that

seek to conform to the qualities of bioassay design as

recommended by USP. (Note the emphasis on analysis:

Design and validation are addressed in complementary

chapters, and an additional useful reference will include a

Bioassay Glossary, which will be available as part of a new

general chapter). Topics addressed in the proposed revised

h111i include statistical concepts and methods of analysis for

the calculation of potency and confidence intervals for a

variety of bioassays, including those referenced throughout

USP. The proposed revised h111i is intended primarily for use

by those who do not have extensive training or experience in

statistics, but it also will provide guidance for statisticians

who are not experienced in the analysis of bioassays. In

addition, the general chapter introduces selected modern

methods, the implementation of which requires the guidance

of an experienced statistician.

The methods described are recommended but not manda-

tory; USP explicitly recognizes that reasonable and sound

alternatives may be employed. Additionally, it is assumed that

computers and appropriate software will be used for data

analysis. This latter view does not relieve the bioassay

practitioner of responsibility for the consequences of choices

pertaining to bioassay design and analysis.
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CONCEPTS AND TERMINOLOGY1

Relative Potency Bioassay: A comparison of biological

responses on a continuous scale, measured for Test and

Standard materials, to derive a judgment regarding the

capacity of test material to effect a specific response. The

result from a relative potency assay quantitates the test

compound capacity for achieving the specific response

relative to the effect observed for the Standard compound.

Block, Blocking: The grouping of related experimental

units in experimental designs. Blocking is often used to

reduce the variability of a measure of interest. Blocks may

consist of groups of animals (a cage, a litter, or a shipment),

individual 96-well plates, sections of 96-well plates, or whole

96-well plates grouped by analyst, day, or batch of cells. The

goal is to isolate a systemic effect, such as cage, so that it does

not obscure the effects of interest.

Experimental Design: The structure of assigning treat-

ments to experimental units. Blocking (q.v.), randomization

(q.v.), replication, and specific choice of design2 are some

aspects of experimental design. Important components of

experimental design include the number of samples, the

number of concentrations, and how samples and concentra-

tions are assigned to experimental units and are grouped into

blocks. The experimental design influences which statistical

methodology should be used to achieve the analytical

objective.

Experimental Unit: The smallest unit to which a distinct

level of a treatment is randomly allocated. An experimental

unit needs to be distinguished from a sampling unit, the

smallest unit on which a distinct measurement is recorded

(e.g., a well). Because the sampling unit is often smaller than

the experimental unit, it is an easy mistake to treat sampling

units as if they are experimental units; this mistake is called

pseudoreplication. Different treatment factors can be applied

to different experimental units. For example, samples may be

assigned to rows on a 96-well plate while dilutions of the

samples are assigned to columns on the plate. In this case,

rows are the experimental units for samples, and columns are

the experimental units for sample dilutions.

Independence: For two measurements or observations A

and B (raw data, assay sets, or relative potencies) to be

independent, values for A must be unaffected by B’s values

and vice versa. A consequence of nonrecognition of lack of

independence is poor characterization of variance. In practice

this means that if two potency or relative potency

measurements share a common factor that might influence

assay outcome such as analyst, cell preparation, incubator,

group of animals, or an aliquot of the sample preparation,

then the correct initial assumption is that these relative

potency measurements are not independent. As assay

experience is gained, an empirical basis may be established

so that it is reasonable to treat potency measures as

independent even if they share a common level of a factor.

The same concern for lack of independence holds if two

potency or relative potency measurements are estimated

together from the same model or are in any way associated

without including in the model some term that captures that

there are two or more potency measurements.

Randomization: A process of assignment of treatment to

experimental units based on chance so that all such

experimental units have an equal chance of receiving a

given treatment. The use of randomization results in

systematic error becoming random error not associated with

particular samples or a dilution pattern but distributed

throughout the assay. In 96-well bioassays, plate effects can

be substantial and cause bias or trending, particularly in

assays involving long-term cell culturing or multiple addition

and wash steps. In animal studies, a variety of factors

associated with individual animals can influence responses. If

extraneous factors that influence either plate assays or animal

assays are not routinely demonstrated to have been eliminated

or minimized so as to be negligible, randomization that

1 Some definitions included here are taken from the published
glossary [see PF 32(4)]. This section will be deleted from the final
version of h111i.
2 This will be covered in the planned general chapter Design and
Development of Biological Assays h1032i.
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removes the influence of the biasing factor is essential to

obtain unbiased data required for the calculation of true

potency. Randomization is central to the experimental design

and analysis of data associated with most biological assays.

Reportable Value: The potency or relative potency

estimate of record that is intended to achieve such accuracy

and precision as are required for use. The reportable value is

the value that will be compared to a product specification.

The specification may be in the USP monograph, or it may be

set by the company, e.g., for product release. The term

reportable value is inextricably linked to the ‘‘intended use’’

of an analytical procedure. Tests are performed on samples in

order to yield results that can be used to evaluate some

parameter of the sample in some manner. One type of test

may be configured in two different ways because the resulting

data will be used for two different purposes (e.g., lot release

vs. stability). The reportable value would likely be different

even if the mechanics of the test itself were identical.

Validation is required to support the properties of each type of

reportable value. In practice there may be one physical

document that is the analytical procedure used for more than

one application, but each application must be detailed

separately within that document. Alternatively, there may be

two separate documents for the two applications. When the

inherent variability of a biological response, or that of the log

potency, precludes a single assay data set’s attaining a value

sufficiently accurate and precise to meet an assay specifica-

tion, the assay, or analysis data set, may consist of multiple

assay data sets, as necessary. The number of assay data sets

needed depends on the assay’s accuracy and precision and on

the intended use and hence the properties of the reported

value and is influenced by factors such as the type and

variability of the biological activity being studied.

A STEPWISE APPROACH TO ANALYSIS OF

BIOASSAY DATA

The following is a set of steps that will help guide the

analysis of a bioassay. Not all of the steps are needed for the

analysis of every assay. Many of the steps (e.g., a choice of

transformation or weighting scheme) may be addressed

during development, checked during validation, and not

repeated routinely. Details on some of the considerations are

found in later sections, particularly under Elements of Data

Analysis.

(1) Fit a means model (an analysis of variance model that fits

a separate mean to each dilution level of each sample

tested) with appropriate error terms.

(2) During assay development, assess the distribution of the

residuals, specifically examining them for departures

from normality and constant variance, and transform the

data as necessary; or if needed, choose a weighting

scheme. Use as large a body of assay data as possible for

this step—at least several assays, and preferably dozens

of assays. The primary goal is to address any departure

from constant variance. Step 2 can alternate between

imposing a transformation and assessing the distribution

of the residuals. After analysts have established a

transformation and/or weighting scheme, it is not

appropriate for operators to assess constant variance

and normality for each instance of the assay. In addition

to addressing transformation and weighting during assay

development, analysts should reassess the choice of the

transformation and weighting scheme if there have been

changes to the assay that may influence precision or if

system suitability parameters are trending in a manner

that indicates the assay is or may become out of control.

(3) Screen for outliers. This step normally follows the

imposition of a suitable transformation or weighting

method. Outlier analysis is best done on the residuals

from a model that is to fit all the data within an assay.

Outlier analysis on a small number of replicates or

pseudoreplicates is not recommended. See Outliers under
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Elements of Data Analysis and general information

chapter Analytical Data—Interpretation and Treatment

h1010i. In some cases outliers may be so severe that a

reasonable model cannot be fit, and thus residuals will

not be available. In such cases it is necessary to evaluate

the raw data for outliers before one attempts to fit the

model.

(4) Remove outliers as appropriate. Statistical outlier tests

should be seen as identifying points that are potential

outliers. Before an observation is declared an outlier, an

investigation should routinely be conducted to determine

whether a cause can be identified. Good practice will

include recording the result of this investigation, the

name of the analyst who decides based on scientific

judgement whether a value is an outlier or not, and the

outlier test (if conducted). Removing data as outliers

should be rare. If many values from a run are removed as

outliers, that run should be considered suspect. The assay

procedure should state how many outliers are ‘‘accept-

able’’. Instructions for the investigation and treatment of

an outlier observation should be included in the assay

procedure and must be considered separate from the

investigation and treatment of an out-of-specification

(OOS) result (reportable value). Decisions to remove an

outlier from data analysis should not be made on the

basis of how the reportable value will be affected in

terms of a potential OOS result.

(5) Review the effectiveness of transformation (see Trans-

formations under Elements of Data Analysis) after outlier

removal.

(6) Refit the means model and re-estimate error terms in the

model.

(7) Choose subsets of data for linear potency estimation or to

determine an appropiate linear or nonlinear model. This

may mean identifying the linear range or the doses to use

for fitting a nonlinear model. In either case, assess

whether the chosen model provides an adequate fit.

Analysts should not use the nonlinear regression fit to

assess similarity or estimate potency if either (a)

inadequate asymptote information is available; or (b) a

comparison of pooled error(s) from nonlinear regression

to pooled error(s) from a means model shows that the

nonlinear model does not fit well; or (c) other appropriate

measures of goodness of fit show that the nonlinear

model is not appropriate (e.g., residual plots show

evidence of a ‘‘hook’’).

Additional specific guidance about selection of data

subset(s) for linear model estimation of relative potency

include the following:

a. use at least three and preferably at least four to five

adjacent concentrations;

b. require that the slope is sufficiently steep ;

c. require that the fitted lines to the Standard and Test

samples be nearly straight [NOTE—Do not use

difference testing—equivalence testing is recom-

mended; see Linearity of Concentration–Response

under Elements of Data Analysis];

d. require that the fitted lines to the Standard and Test

samples be nearly parallel [NOTE—Do not use

difference testing; equivalence testing is recom-

mended. (See Parallelism under Elements of Data

Analysis.)]

(8) For samples that yield similar dose–response curves (or

similar straight-line subsets of doses), calculate the

relative potency estimate; and

(9) If multiple independent assays (using independent

samples) of the same analyte are available, construct a

variance estimate and confidence interval for the

estimated potency of the analyte using the sampling

variance of the log potency from the independent assays

(as described in Method 1 under Combining Results from

Multiple Assays). Use a Fieller’s Theorem-based confi-

dence interval for the estimated potency only if no such

sampling-based confidence interval is available. See

Confidence Intervals under Elements of Data Analysis.
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ELEMENTS OF DATA ANALYSIS

The elements of data analysis discussed below include

essential biological and statistical considerations that pertain

to effective utilization of bioassay data in the calculation of

relative potency.

Assumptions

The key assumption for the analysis of most bioassays is

that the Standard and Test samples contain the same active

analyte or population of analytes and nothing else that

differentially affects response. The existence of a Standard–

Test sample pair that passes the assessment of similarity is a

necessary but not sufficient test that this key assumption is

satisfied (thus, it remains an assumption). In many assays,

multiple compounds will yield similar concentration–re-

sponse curves. Although it may be reasonable to use a

biological assay system to describe or even compare response

curves from different compounds, it is not appropriate to

report relative potency unless the Standard and Test samples

contain only the same active analyte. Biological products

typically exhibit lot-to-lot variation in the distribution of

analytes. Similarity is then, at least partially, an assessment of

whether the distribution of analytes in the Test sample is close

enough to that of the Standard sample for relative potency to

be meaningful.

An additional statistical assumption is that the design

structure of the assay is reflected in the analysis. Note that a

design structure implies randomization and attention to

experimental units and (if present) blocks; see general

information chapter Development and Design of Bioassays

h1032i. If additional statistical assumptions are satisfied, then

a simple statistical analysis is reasonable. These assumptions

are as follows:

(1) independence of the observations,

(2) constant variance of the responses around the fitted

model (may require an appropriate data transformation),

and

(3) normally distributed residuals—again, possibly after an

appropriate transformation.

Bioassays routinely performed with cell cultures (using 96-

well plates and multichannel pipets) commonly violate one or

more of these assumptions. Wells prepared using serial

dilution or using a multichannel pipet are not independent.

Addressing this lack of independence requires either a change

in laboratory practice or a more complex statistical analysis.

Most statistical methods for analysis of bioassay data are

reasonably robust to mild departures from assumptions

regarding constant variance or normality. In many assay

systems a good choice of transformation often will yield

bioassay data that are sufficiently close to constant variance

and normality. However, methods of statistical analysis are

generally not robust to lack of independence. Therefore, it is

essential that the statistical model should capture the design

structure imposed by the presence of blocks or grouping of

responses (e.g., due to serial dilution or use of a multichannel

pipet). However, where assay results are combined, the

independence of assays is of critical importance. Failure to

fully account for the lack of independence within an assay

means that the estimates will not be as precise as they could

be, but they still may be useful. Also see the discussion of

sample-based confidence intervals below under Confidence

Intervals.

Parallelism

Many procedures for assessing parallelism are based on a

statistical null hypothesis of parallelism and an alternative

hypothesis of some measurable nonparallelism. Failure to find

statistically significant nonparallelism is then taken as a

conclusion of parallelism. This is neither a proper conclusion

nor an acceptable approach. Rather, to support a conclusion

of parallelism (similarity), analysts should use equivalence

testing wherein ‘‘sufficiently parallel’’ (only trivial departure

from parallelism) is the alternative statistical hypothesis, and

nonparallelism is the null hypothesis. Some care should be
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taken with this approach: departures from parallelism that are

consistent in value across many assays could be indicative of

matrix effects or of real differences between Test and

Standard materials even if the measure of nonparallelism is

small. The steps for determining parallelism for one such

approach are as follows.

(1) Choose a measure of nonparallelism. For the linear case,

this could be the difference or ratio of slopes. (The ratio

of slopes can be less sensitive to the value of the slope.

Also, framing the slope difference as a proportional

change from the Standard rather than in absolute slope

units has an advantage because it is invariant to the units

on the dose axis.) For the four-parameter logistic model,

similarity between Standard and Test samples must be

assessed on the basis of three parameters: the upper

asymptote, the slope, and the lower asymptote. If a five-

parameter logistic curve is used to fit bioassay data, it

would also be important to show that the fifth parameter

of the curve also is similar between Standard and Test

preparations.

(2) Specify a range of acceptable values, typically termed an

equivalence interval or ‘‘indifference zone,’’ for the

measure of nonparallelism. When a ratio of slopes is used

as a measure of nonparallelism, that measure is free to

vary above or below a ratio of 1.0 (a ratio of 1.0 indicates

perfect parallelism). The acceptable values for nonpar-

allelism will then constitute an interval.

a. Two approaches can be used to determine this

interval. The first is to base it on what is known of

the product and the assay, much as (0.80, 1.25) is

used for bioequivalence of generic products, or

based on general experience (see Sigmoid Analysis

for Continuous Data under Examples.) Considera-

tions here could include the therapeutic index of the

drug and the precision required from the assay.

b. The second approach is to compile historical data

that compare the Standard to itself, and to determine,

from the historical data, the equivalence interval as a

tolerance interval for the measure(s) of nonparalle-

lism. The advantage of using historical data is that

they give the laboratory control of the false failure

rate (the rate of failing an assay that is in fact

acceptable). The disadvantage is that there is no

control of the false pass rate (the rate of passing an

assay that is not working right). The equivalence

interval specification will be driven solely by assay

capability. Laboratories that use this approach need

to take care that an assay in need of improvement is

not driving overly wide equivalence intervals. Also

note that any change in assay capability means

changing the equivalence interval. The interval

needs to be relevant to the assay as it is currently

being conducted.

(3) Determine a 90% confidence interval for the measure of

nonparallelism. If this confidence interval lies entirely

within the equivalence interval specified in Step 2, then

similarity is sufficiently demonstrated.

An alternative to the approach described above is to use an

average (historical) value for the variance of the ratio or

difference in a similarity parameter—obtained from some

number of individual assays—to compute an acceptance

interval for a point estimate of the similarity parameter. This

approach is simpler to implement in routine use and can be

used with assay designs that are unable to provide reliable

estimates of within-assay variation. However, there is a price.

The previously described equivalence testing approach that

relies on assay-specific (within-assay) measure(s) of variation

(i.e., the confidence intervals) is conservative in the sense that

it will fail to pass similarity for samples from assays that have

larger than usual amounts of within-assay variation. Using an

acceptance region for a similarity parameter—rather than an
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acceptance region for confidence intervals for the similarity

parameter—results in loss of this conservative property and

hence is not preferred where alternatives exist.

Linearity of Concentration–Response

Some analyses of bioassay assume that the shape of the

concentration–response curve is a straight line or approxi-

mates a straight line over a limited range of concentrations. In

those cases, it is appropriate to assess whether a linear

response model is justified for the data in hand. Standard

methods for assessing linearity face the same problems as do

standard methods for assessing parallelism: specifically, more

data and better precision make it more likely to detect

nonlinearity, and the tests for nonlinearity are typically set up

to confirm the null hypothesis. Because the situations when

nonlinearity does not affect the potency are generally rare and

may occur only by chance, analysts should routinely assess

departure from linearity if they wish to use the linear response

model to estimate potency.

The general approach for linearity should follow that for

similarity. One needs to specify a measure of departure from

linearity, identify a limit for that measure that specifies

acceptable values of nonlinearity, and then perform an

appropriate statistical equivalence test. A procedure may

take the following form:

(1) If an examination of a plot of the data reveals gross

departure form linearity, this is sufficient to support a

conclusion that linearity is not present.

(2) More formally, construct 90% confidence intervals for

observations of a measure of curvature made following

assay optimization using historical data from the assay

run under conditions that are similar to current conditions

and for which linearity is accepted on nonstatistical

grounds.

(3) Specify a symmetric equivalence interval that captures

approximately 95% to 99% of these intervals.

Transformations

Transformations are used primarily to address nonconstant

variation in the response and normality of residuals and

secondarily to improve the fit of a statistical model to the data.

Bioassay data are commonly displayed with concentration on

a log scale (in parallel-line or parallel-curve analyses). Slope

ratio assays are displayed with concentration on the original

scale. This section concerns transformations that are a

rescaling of the response axis, not of the concentration axis.

Common choices for a transformation of the response include

log, square root, reciprocal, and, for count data with known

asymptotes, logit. The log and reciprocal transformations

share the advantage of easy transformation back to the

original scale.

From a statistical perspective there is nothing special about

the original scale of measurement. Any transformation that

resolves a nonconstant variance is acceptable. Analysts

should recognize, however, that transformations may make

interpretation difficult. Log transformations are commonly

used, partly because of the ease of transforming back to the

original scale for interpretation. However, transforming the

response as with a log or square root, changes the shape of the

response curve and may change the range of doses for which

the responses are nearly straight and/or nearly parallel. For

example, for an assay with an untransformed response that

indicates variance increasing with response and parallel

straight lines, after transformation the responses will no

longer fit a straight-line model well.

In many bioassays a suitable transformation (often the

logarithm) yields data that have nearly constant variance, near

normal distribution of the residuals, and a good fit to a four-

parameter logistic curve. When no single transformation

yields all these properties, a more complex approach, such as

weighting, is called for. It is particularly appropriate to seek

competent statistical guidance for the process of choosing a

transformation and/or weighting scheme for the analysis of a

bioassay. The choice of transformation (and if necessary, a
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weighting method) for a bioassay is normally made prior to

validation. It is not appropriate to choose a different

transformation each time the assay is run.

Normality

Many statistical methods for the analysis of quantitative

responses assume normality of the residuals. If the normality

assumption is not valid, the estimate of relative potency and

its standard error may be valid, but a confidence interval for

the relative potency estimate will not be valid. Most methods

are reasonably robust to departures from normality, so the

goal here is to detect substantial non-normality. The primary

tool is a normal probability plot and a histogram (or

something similar, like stem-and-leaf or box plots) of the

residuals from the analysis. The histogram should appear

unimodal and symmetric. The normal probability plot should

follow approximately a straight line. An sigmoid-shaped

pattern about a straight line is one indication of non-

normality. This assessment typically is performed during

assay development and/or development and is not routinely

conducted with each assay run.

Variance Heterogeneity

As mentioned under Assumptions, one common assump-

tion for analyses with quantitative responses is that of equal

variances among the responses, which is also referred to as

homogeneity of variance. For most common linear and

nonlinear regression models, the variance referred to here is

the residual variance. If the variances are not all equal but the

data are analyzed as if they are all equal, then the estimate of

relative potency may still be reasonable, but it may be less

precise than it could be. More importantly, the assessment of

similarity will not be appropriate and standard errors and

confidence intervals for all parameters (including a Fieller’s

Theorem-based interval for the relative potency) reported

from the analysis will not be correct and should not be used.

Weighting is an approach for dealing with unequal

variances. (If the coefficient of variation is constant, then

the variance is not; see Sigmoid Analysis for Continuous Data

under Examples.) Basically, each observation should be

weighted by a quantity that is proportional to the reciprocal of

the variance of that observation.

Variance may be proportional to dose or some function of

dose. This possibility may be examined by plotting the

sample variance at each dose against dose and then against a

function of dose (e.g., dose squared). Variance will be

proportional to the function of dose where the plot follows

approximately a straight line. (If the data fall along a

horizontal line, no weighting is needed.) If such a function

can be found, then the weights are taken as the reciprocal of

that function. There may be no such function or at least not

one that is easy to describe, particularly if the variation is

higher at both extremes of the concentration range studied.

An alternative is to develop an estimate of the variability at

each concentration using historical data for the assay as the

latter is currently conducted. Using only the replication

variances from the current assay is not appropriate. There are

too few data to properly determine truly representative

variances specific to each dose. Whether one uses a model

or historical data, the goal is to capture the relative variability

at each concentration. Even with use of historical data, one

does not necessarily have to assume that the absolute level of

variability of the current assay is identical to that of the

historical data, but only that the ratios of variances among

dilutions are the same.

There is no substitute for training and experience in

determining an appropriate variance modeling strategy. For

example, data that have constant variation around a four-

parameter logistic dose-response curve but have appreciable

variation in the effective dilution 50% (ED50) parameter from

block to block within the assay or from assay to assay can

easily appear to have large variation in the response for doses
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near the long-term average value of ED50. Aweighted model

with low weights for doses near the ED50 would quite badly

misrepresent a major feature of such an assay system.

Outliers

An outlier is a datum that appears not to belong among the

other data present. An outlier may have a distinct, identifiable

cause, such as a mistake in the bench work, equipment

malfunction, or a data recording error, or it could just be an

unusual value relative to the variability typically seen and

may appear without an identifiable cause. The essential

question pertaining to an outlier becomes the following: is the

apparent outlier sampled from the same population as the

other less discordant data, or is it from another population? If

the former is the case and the datum is an unusual (yet still

legitimate) value obtained by chance, then the datum stands

and should be retained in data analysis; if the latter is the case

and the datum’s excursive value is due to human error or

instrument malfunction, then the datum may be omitted from

calculations. Outlier management relies on procedures and

practices to yield the best answer possible to that essential

question and to respond accordingly.

General information chapter Analytical Data—Interpreta-

tion and Treatment h1010i addresses outlier labeling,

identification, and rejection, including statistical methods

and provides material that the bioassay practitioner will find

useful. General chapter h1010i also lists additional sources of

information that can provide a comprehensive review of the

relevant statistical methodology. Some remarks about outliers

are provided here in the context of bioassays to emphasize or

complement what is found in h1010i.

Of the procedures employed for analysis of drug com-

pounds and biological moieties, the bioassay can be expected

to be the most prone to outlying data. The management of

outliers is appropriate with bioassay data on at least two

levels: 1) individual responses can be checked against

expected responses for the sample and concentration; and 2)

separately, estimates of relative potency from an assay can be

checked for consistency with other independent estimates of

the potency of the same material. The following four factors

may be considered in the bioassay control of outlying data.

Prevention—The first consideration is to develop proce-

dures that are less subject to error and to have in place checks

that are sensitive to the sorts of errors that, given the

experience in assay development, may be expected to occur.

In effect, the error never becomes an outlier because it is

identified as it occurs.

Labeling—It is good practice to examine data for the

outlier, and flag (‘‘label’’) the apparently outlying observation

for investigation. If investigation finds a cause, then the

outlying datum may be excluded from analysis. Given the

ordinary occurrence of substantial variability in bioassay

response, a laboratoryã s investigation into whether a cause

for the outlying observation can be identified is likely to yield

no determinable cause. Yet the lack of evidence regarding an

outlying observation’s cause is not a clear indication that

statistical outlier testing is warranted. Knowledge of the

typical range of assay response variability should be the

foundation for a justification for the use of statistical outlier

tests.

Identification—Outlier identification is the use of signif-

icance tests to confirm that the values are inconsistent with

the known or assumed statistical model. For outliers with no

determined cause, it is tempting to use statistical outlier

identification procedures to discard unusual values from the

analyses. Discarding data solely because of statistical

considerations should be a rare event. Falsely discarding

data leads to overly optimistic estimates of variability and can

bias potency estimates.

Statistical procedures depend on assumptions about

distribution. Identification of data as outliers may mean

only that the assumption about distribution is not correct. If

dropping outliers because of statistical considerations is

common, particularly if outliers tend to occur more often at
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high values or at high responses, then consideration needs to

be given to the assay procedures and to the assumptions

underlying the statistical method.

General information chapter h1010i makes no explicit

remarks regarding outlier analysis in linear or nonlinear

regression. Presuming that it is deemed appropriate for

statistical analysis of data for the presence of outliers to

proceed, techniques specific to regression may profitably be

employed when the bioassay is comprised of regressions of

response on dose.

Robust Methods—Robust methods are less sensitive to

influence by outlying observations. An alternative to

discarding outlying data is to use methods for data description

and statistical analysis that are less affected by the presence of

the outlier(s), e.g., using the median rather than the mean to

describe the data’s center. Also, regression using the method

of least squares, which underlies many of the methods in this

chapter, is not robust to the presence of outliers. The use of

contemporary methods of robust regression may be appro-

priate.

Replacement of Missing Values

Unless directed by a specific monograph, analysts generally

do not need to replace missing values. Most modern statistical

methodology (and software) does not require equal numbers

at each combination of dose and product.

Pooling Variance/Variance Components

Pool individual variance estimates wherever possible, e.g.,

between blocks. Even with modest replication there is

considerable gain in characterization of precision in pooling

variation. It is important to assess whether or not it is

reasonable to pool data before actually doing so. If this

assessment is done during assay development and validation,

it may not be necessary or appropriate in routine use of the

assay.

Confidence Intervals

A report of an assay result should include a measure of the

uncertainty of that result. This can be a standard error or a

confidence interval. An interval (c, d) is a 95% confidence

interval for a parameter (e.g., relative potency) if 95% of such

intervals upon repetition of the experiment would include the

actual value of the parameter. One can think of a confidence

interval as indicating values of the parameter that are

consistent with the data.

Confidence intervals can be determined by combining

results for the logarithm of the relative potency from

independent assays as described in Method 1 under Combin-

ing Results from Multiple Assays. Confidence intervals can

either be sample based or model based. A model-based

interval is based on the standard errors for each of the one or

more estimates of log relative potency that come from the

analysis of a particular statistical model. Model-based

intervals should be avoided if sample-based intervals are

possible. Model-based intervals require that the statistical

model correctly incorporate effects and correlations that

influence the model’s estimate of precision. These include but

are not limited to serial dilution and plate effects. Sample-

based methods require only independence and that the

independent assays be conducted in the same manner. Also,

many assay procedures fix the acceptable width of the

confidence interval, and two or more independent assays may

be needed to meet the specified limit. This discussion should

not be construed to dismiss the value in addressing

correlations and other factors that influence within-assay

precision to the extent possible. The within-assay precision is

a portion of the variability that is the basis for the sample-

based intervals, and thus minimizing it to the extent possible

is still valuable. This section describes Fieller’s Theorem, a

commonly used model-based interval. Sample-based intervals

are covered in Method 1 under Combining Results from

Multiple Assays.

Many confidence intervals are of the form:
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Confidence interval = value + k 6 the standard error of that

value.

For such cases, as long as the multiplier k can be easily

determined (such as from a table of the t-distribution),

reporting the standard error and the confidence interval are

largely equivalent because the confidence interval is then

easily determined from the standard error. For ratios such as

the logarithm of relative potency, the confidence interval is

not symmetric around the point estimate; Fieller’s Theorem is

needed. For these asymmetric cases, the confidence interval

should be reported because the standard error by itself does

not capture the asymmetry.

Fieller’s Theorem is the formula for the confidence interval

for a ratio. Note that the relative potency from either a slope

ratio or parallel-line bioassay fit by straight lines will be a

ratio. Also note that for some parameterizations of nonlinear

models, the relative potency will also be a ratio.

Let R = a/b be the ratio for which we need a confidence

interval. For the estimates of a and b we have their respective

standard errors, SEa and SEb, and a covariance between them,

denoted CO. (The covariance is a measure of the degree to

which a and b are related and is proportional to the correlation

between a and b.) The covariance may be 0, such as for

standard linear (parallel-line) analyses, but it need not be. The

confidence interval for R then is as follows, where the ^

symbol indicates estimate.

where

and t is the appropriate t deviate value that will depend on the

sample size and confidence level chosen (usually 95%). If g

41, it means that the denominator,

is not statistically significantly different from 0 and the use of

the ratio is not sensible for those data.

For those cases where the estimates of a and b are

statistically uncorrelated (CO = 0), the confidence interval

formula simplifies to

For examples of the use of Fieller’s Theorem, see Parallel

Line Analysis and Analysis of a Randomized Complete Block

Design (RCBD) under Examples.

ANALYSIS MODELS

A number of mathematical functions can be successfully

used to describe a dose–response relationship. The first

consideration in choosing a model is the form of the assay

response. Is it a number, a count, or a category such as dead/

alive? The form will identify the possible models that can be

considered.

Once the form of the response is identified, the next step is

to select an appropriate dose–response model. This step

requires specific data. Four-parameter and five-parameter

logistic equations of the ln dose vs. response are often used,

but other models may be more suitable (see Linear and

Nonlinear Models for Quantitative Responses).
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Quantitative and Qualitative Assay Responses

The terms quantitative and qualitative refer to the nature of

the response of the assay used in constructing the dose–

response model. Assays with either quantitative or qualitative

responses can be used to quantify product potency. Note that

the responses of the assay at the doses measured are not the

reportable value (relative potency) of the bioassay. It is

important to understand the differences among the responses,

dose–response functions, and reportable values.

A quantitative response results in a number on a continuous

scale. Common examples include spectrophotometric and

luminescence responses, body weights and measurements,

and data calculated relative to a standard curve (e.g., cytokine

concentration). Models for quantitative responses can be

linear or nonlinear; see Linear and Nonlinear Models for

Quantitative Responses.

A qualitative measurement results in a categorical response.

For bioassay, qualitative responses are most often quantal,

meaning they entail two possible categories such as Pass/Fail,

Positive/Negative, 0/1, or Dead/Alive. Quantal responses may

be reported as proportions (e.g., the proportion of animals in a

group displaying a property). Quantal models are presented in

Dichotomous (Quantal) Assays. Qualitative responses can

have more than two possible categories, with or without

ordering of the categories. These models are not considered in

this general chapter.

Assay responses can also be counts, such as number of

plaques or colonies. Integer responses are sometimes treated

as quantitative, sometimes as qualitative, and sometimes

models specific to integers are used. The choice is often made

based on the range of counts. If the count is mostly 0 and

rarely greater than 1, the assay may be analyzed as quantal

and the response is Any/None. If the counts are large and

cover a wide range, such as 500 to 2500, then the assay may

be analyzed as quantitative. A square root transformation of

the count is often helpful in such analyses to better satisfy

homogeneity of variances. If the range of counts includes or

is near 0 but 0 is not the preponderant value, it may be

preferable to use a model specific for integer responses.

Poisson regression and negative binomial regression models

are often good options.

Integers are not the only responses that provide flexibility

in the form of model. Assays with quantitative responses may

be converted to quantal responses. For example, what may

matter is whether some defined threshold is exceeded. The

model could then be quantal—threshold exceeded—or not. In

general, assay systems will have better precision of potency if

the model uses all the information in the response. Using

above or below a threshold, rather than all the measured

responses, is likely to degrade the performance of an assay.

Fixed and Random Effects in Models of Bioassay

Response

The choice of treating design factors as fixed or random is

important both to the design and statistical analysis of the

assay. We consider this choice here with a focus on analysis;

also see h1032i for design considerations.

Fixed effects are factors where all levels that exist or all in

which there is interest in evaluating them are discretely

present, e.g., dose. Fixed effects are expected to cause a

consistent shift in responses. Some examples of fixed effects

include temperature and time of thaw. Analysts study fixed

effects by controlling them in the design and examining

changes in means across levels of the factor. In a bioassay,

sample and dose are fixed effects. Studies of other fixed

effects are typically performed early in the assay development

cycle in the process of optimizing assay performance; see

h1032i.

Random effects are factors where the levels in a particular

run of an assay are considered representative of levels that

could have been present. That is, there is no expectation of a

particular value for a random effect. Rather, that value may

vary subject to some expected distribution of values and thus

may be a source of variability. Random effects may be

exemplified by reagent lot, operator, date of assay, and well
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position on a plate, if there is no interest in specific reagent

lots, operators, dates, or plate well as sources of variability.

Analysts study random effects by measuring variance

components. As with fixed effects, these are studied during

assay development to understand their influence on assay

precision and ruggedness; see h1032i.

The choice of treating a factor as fixed or random is

important to the design of the assay and to proper reporting of

the precision of the assay. Treating all factors as fixed, for

example, leads to an understatement of assay variability

because it ignores all sources of variability other than

replication. The goal is to identify specific sources of

variability that can be controlled, to properly include those

factors in the design, and then to include other factors as

random.

In addition, if the factor switches, or may switch, from

random to fixed effect or vice versa, the factor should be

modeled as a random effect. For example, reagent lots cannot

be controlled, so different lots are typically considered to

cause variability, and reagent lot would be considered a

random effect. However, if a large shift in response values has

been traced to a particular lot, a comparison among a set of

lots could be performed using the predicted levels of each

lot’s random effect.

Assay designs that consist of multiple factors are efficient,

but they require corresponding statistical techniques that

incorporate the factors as fixed or random effects in the

analysis. If all factors are fixed, the statistical model is termed

a fixed-effects model. If all are random, it is termed a random-

effects model. If some factors are fixed and some random, the

model is a mixed-effects model. Note that the concepts of

fixed and random effects apply to qualitative and integer

models as well as quantitative models.

For assay designs that include multiple experiment units

(i.e., samples assigned to sets of tubes and doses assigned to

pre-plate tubes) a mixed model in which the experimental

units are treated as random effects is a particularly effective

way to approach the analysis.

Linear and Nonlinear Models for Quantitative Responses

Quantitative assays are characterized by the assay mea-

surement being a number on a continuous scale. Optical

density values from immunological plate-based assays are

such measurements. Models for quantitative assays can be

linear or nonlinear. While there is an apparent difference in

level of complexity, there is also much commonality among

the parallel-line (linear) and parallel curve (nonlinear)

models. Because of the different form of the equations,

slope ratio assays are considered separately (see Slope Ratio

Dose—Response Models below).

Assumptions—Parallel Lines and Curves—The basic

parallel-line and parallel curve models share some assump-

tions. Both include a residual term, e, which is assumed to be

independent and to have constant variance from dose to dose.

Often the residual term is assumed to have a normal

distribution as well. The assumptions of independence and

equal variances are commonly violated, so the goal in

analysis is to incorporate the lack of independence and the

unequal variances into the statistical model or the method of

estimation.

Lack of independence often arises because of the design or

conduct of the assay. For example, if the assay consists of

responses from multiple plates, observations from the same

plate are likely to share some common influence that is not

shared with observations of other plates. This is an example

of intraplate correlation. A simple approach for dealing with

this lack of independence is to include a term in the statistical

model for plate. With enough plates this should be a random

effects term so that we obtain an estimate of plate-to-plate

variability.

In general, the model needs to closely reflect the design.

The basic model equations apply only to completely

randomized designs. Any other design will mean additional

terms in the statistical model. More examples are provided

under the section Examples.
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Calculation of Potency—A primary assumption under-

lying methods used for the calculation of relative potency is

that the Test preparation behaves as a dilution (or concentra-

tion) of the Standard preparation. This condition is known as

similarity. Similarity can be represented mathematically as

follows. Let FT be the concentration–response curve for the

Test, and let FR be the concentration–response curve for the

Standard. The underlying mathematical model for similarity

is the following:

FT (z) = FR (rz) (4)

where z represents the dose or concentration and r represents

the relative potency of the Test sample relative to the Standard

sample.

Methods for estimating r in some common dose–response

models are discussed below. For linear models the distinction

between parallel-line models and slope-ratio models is based

on what transformation of z (the dose) makes the model

nearly linear over the range of interest. That is, let x = zl for l

6¼ 0, or x = log(z) for l = 0. If the model is linear in log(z), the

model is a parallel-line model. If the model is linear in zl for

any l6¼ 0, the model is a slope-ratio model. For nonlinear

models, the convention is to use log(z), though there is no

theoretical reason against an alternative transformation of z.

Linear Models—In this section, a linear model refers to a

linear dose response, which is a straight-line function between

the dose, X, and the response, Y. Y may be the response or a

transformation of the response. The functional form of this

relationship is Y = a + bX. Often, the dose must be log

transformed to result in a straight line. Then, X equals

log(dose). Straight-line fits may be used for portions of a

nonlinear dose–response curve, though doing so requires a

method for selecting the doses to use for each of the Standard

and Test samples.

Means Models vs. Regression—A linear dose–response

model is most often analyzed with ordinary least-squares

regression. Such an analysis results in estimates of the

unknown coefficients (intercepts and slope) and their standard

errors, as well as measures of the goodness of fit [e.g., R2 or

root mean square error (RMSE)].

Linear regression works best where all doses can be used

and there is negligible curvature in dose–response data.

Another statistical method for analyzing linear dose–response

curves is the means model. This is an analysis of variance

(ANOVA) method that offers some advantages. A means

model that makes use of contrasts will better capture the

variance in the bioassay system than will regression.

Selecting Linear Range—Often a subset of the doses

measured in the assay must be selected in order to create a

linear dose–response curve. The subset can often be identified

graphically following a ranging study. It is important to

choose a linear range that will result in straight lines for the

range of relative potencies expected during routine use of the

assay. Otherwise the assay will fail parallelism tests (see

Parallelism under Elements of Data Analysis) when the

problem is the potency, resulting in values outside the linear

range and entailing repeat assays.

The problem is more complex in assays where there is even

modest variation in the shape or location of the dose–response

curve from assay to assay or from block to block within the

assay. In such assays, which are quite common, it is

appropriate to choose subsets for each sample in each assay

or even in each block within an assay. Note that a fixed-effect

model will mask any need for different subsets in different

blocks, but a mixed model can reveal and accommodate

different subsets in different blocks.

An assay with a linear dose–response curve can probably

be shown to have a sigmoid shape if it is tested over a wide

enough range because plateaus of effect will be observed on

the low- and high-dose ends. Because the optical density

(OD) is linear from about 0.1 to 2.0 Absorption Units (AU)

for many instruments, an asymptote near or outside 0.1 or 2.0

may be suspect as an artifact of the instrument rather than an

asymptote of the biological response.
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Parallel-Line Dose–Response Models—If the concentra-

tion–response model (see Equation 4) can be made linear in x

= log(z), the resulting equations are then:

YR = a + blog(z) + e = a + bx + e (5)

YT = a + blog(rz) + e = [a + blog(r)] + bx + e (6)

where subscript R denotes (reference) Standard and subscript

T denotes Test. Where dose–response lines are parallel, a

separation or horizontal shift in one line indicates a difference

in the level of biological activity being assayed. This

difference is quantitated by the difference in logarithms or

log ratio of relative potency. (See Figure 1.)

Figure 1. Example of parallel-linear model

Let aR represent the x-intercept for the Standard, aT the x-

intercept for the Test, and b the common slope. Then the

relative potency is

Estimation of Parallel-Line Models—Parallel-line models

are fit by the method of least squares. If the equal variance

and independence assumptions hold, the parameters of

Equation 6 are chosen to minimize

where the carets denote estimates. This is a linear regression

with two independent variables, T and x, where T is a variable

that equals 1 for observations from the Test and 0 for

observations from the Standard. The summation in Equation

8 is over all observations of the Test and Standard. If the

equal variance assumption does not hold but the variance is

known to be proportional to a value, w, that can be

determined for each observation (see Variance Heterogeneity

under Elements of Data Analysis), then the method is

weighted least squares

In both Equation 8 and Equation 9, b2 is the same as the b in

Equation 6 and b1 = b2 log r (see Equation 6). So, the

estimate of the relative potency, r, is

Commonly available statistical software and spreadsheets

provide routines for least squares. Not all software can

provide weighting or mixed-model analyses.

Nonlinear Models—Nonlinear dose–response models are

typically sigmoid-shaped functions. They occur when the

range of doses is wide enough so that the lower doses have

little or no response, followed by a quickly rising response,

and then reach an upper limit where the response reaches a

plateau. The most common of these are the four- and five-

parameter logistic functions as given below.
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Let y denote the observed response and z the concentration.

One form of the four-parameter logistic model is

One alternative but equivalent form is

The two forms correspond as follows:

Lower asymptote: D = a0

Upper asymptote: A = a0+d

Steepness: B = M (related to the slope of the curve at the

EC50)

Effective concentration 50% (EC50): C = exp(b) (may

also be termed ED50).

The ‘‘ln’’ denotes natural log. Any convenient base for

logarithms is suitable; it is often convenient to work in log

base 2, particularly when doses are twofold apart; see

Parallel-Line Analysis under Examples.

The four-parameter logistic has the property of mirror-

image symmetry around EC50 when plotted against log dose,

and, in particular, the rates of approach to the upper and lower

asymptotes are the same. See Figure 2. The five-parameter

logistic is a model that relaxes this symmetry:

Note that when g 6¼ 1, C can no longer be interpreted as

EC50.

Figure 2. Examples of four- and five-parameter logistic curves

In many assays the analyst has a number of strategic

choices. For example, the responses could be modeled using a

transformed response fit to a four-parameter logistic curve, or

the responses could be weighted and fit to a five-parameter

logistic curve. Several complex trade-offs are associated with

these choices. It is often important to include terms in the

model (often random effects) to address variation in the

responses (or parameters of the response) associated with

blocks or experimental units in the design of the assay. For

simple assays where observations are independent, these

strategic choices are fairly straightforward. For assays

performed with grouped dilutions (i.e., via multichannel

pipets), with serial dilutions, or with designs that include

blocks (i.e., multiple plates/assay), it is important to employ

appropriate statistical methodology.

Parallel Curve Dose–Response Models—The concept of

parallelism is not specific to linear models. For nonlinear

curves, "parallel" or "similar" means the dose–response

curves are superimposable following a horizontal displace-

ment of one of the curves, as shown in Figure 3 for four-

parameter logistic curves.
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Figure 3. Example of parallel curves from a nonlinear model

The equations corresponding to Figure 3 (with error terms

added to the equations) are

or

lnr is the natural log of the relative potency and the horizontal

distance between the two curves.

Because the EC50 of the Standard is exp(b) and that of the

Test is exp(b-lnr), the relative potency is the ratio of the

EC50 of the Standard over the EC50 of the Test when the

parallel curve model holds.

Estimation of Parallel Curve Models—Estimation of a

nonlinear, parallel curve model is similar to that for parallel-

line models. The method is still least squares, possibly after

transformation and possibly with weighting. For the four-

parameter logistic model, the parameter estimates are found

by minimizing:

without weighting, or

with weighting. In either case, the estimate of r is the estimate

of the natural log of the relative potency. For some software,

it may be easier to work with a0 = A – D.

The parameters of the logistic functions, both four- and

five-parameter, cannot be found with ordinary least-squares

regression routines. Computer programs with nonlinear

estimation techniques must be used.

Slope Ratio Dose–Response Models—If the concentra-

tion–response model (see Equation 4) can be made linear in x

= zl, where z is dose or concentration for l 6¼ 0, the resulting

equations are then:

yR = a + bzl + e = a + bx + e (20)
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yT = a + b(rz)l + e = a + brlx + e (21)

Thus, there are two identifying characteristics of a slope ratio

dose–response model that can be seen only in the results of a

ranging study:

1. The dose is not log transformed

2. The lines for different potencies from a ranging study all

have the same intercept and have different slopes. Thus, a

graph of the ranging study resembles a fan. Figure 4

shows an example of a ranging study with a slope ratio

dose–response model. The Test (solid line) has a relative

potency of 2 relative to the Standard (dashed line). Note

that the common intercept need not be the origin.

Figure 4. Example of slope ratio model.

An assay with a slope-ratio dose–response model for

measuring relative potency consists, at a minimum, of one

Standard sample and one Test sample, each measured at three

or more doses. The similarity test for this model is that the

intercepts of the two lines are equivalent. (This is the analog

of parallelism for slope-ratio models, and the considerations

for Parallelism under Elements of Data Analysis apply here

as well.) A linear regression model using ordinary least-

squares regression can be fit to both lines simultaneously. The

model consists of one common intercept, a slope for the Test

sample results, and a slope for the Standard sample results.

The relative potency is then found from the ratio of the

slopes:

Let bR represent the estimate of b, bT represent the estimate of

brl, and R represent the estimate of the relative potency. Then

Most often, l = 1.

Assumptions for and Estimation of Slope-Ratio Models—

The assumptions for the slope-ratio model are the same as for

parallel-line models: The residual terms are independent, have

constant variance, and may need to have a normal

distribution. The method of estimation is also by the

method of least squares. This may be implemented either

with or without weighting, as demonstrated in Equations 24

and 25, respectively.

This is a linear regression with two independent variables, x(1

– T) and xT.
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is then the estimated slope for the Test,

is the estimated slope for the Standard, and the estimate of

relative potency is

Because the slope-ratio model is a linear regression model,

most statistical packages and spreadsheets can be used to

obtain the relative potency estimate. In some assay systems,

sometimes on an assay instance-specific basis it is appropriate

to omit the zero dose and at times one or more of the high

doses. A number of strategic and technical issues are involved

in developing a good method for selecting the subset of doses

for a slope-ratio assay.

Dichotomous (Quantal) Assays

For quantal assays the assay measurement has a dichoto-

mous or binary outcome. In animal assays, this may be that

the animal is dead or alive or that a certain physiologic

response is observed or not. For cellular assays, the quantal

response may be whether there is a response in the cell or not.

In cell-based viral titer or colony-forming assays, the quantal

response may be a limit of integer response, such as an

integer number of particles or colonies. If what can be readily

determined is whether there are any particles—but not their

actual number—then the assay can be analyzed as quantal.

Note that if the reaction can be quantitated on a continuous

scale, as with an optical density, then the assay is not quantal.

Models for Quantal Analyses—The key to models for

quantal responses is to work with the probability of a

response (e.g., probability of death), in contrast to quantita-

tive responses where the model is for the response itself. For

each dose, d, a treated animal has a probability of responding

to that dose, P(d). Often the curve P(d) can be approximated

by a sigmoid when plotted against the logarithm of dose, as

shown in Figure 5. This curve shows that the probability of

responding increases with dose. The dose that corresponds to

a probability of 0.5 is the ED50 or the dose at which 50% of

animals are expected to respond.

Figure 5. Example of sigmoid for P(d)

The sigmoid curve is usually modeled on either the normal

distribution or the logistic distribution. If the normal

distribution is used, the resulting analysis is termed probit

analysis; if the logistic is used, the analysis is termed logit or

logistic analysis. The probit and logit models are practically

indistinguishable; either is an acceptable choice. The choice

may be based on the availability of software that meets the

laboratory’s analysis and reporting needs. Because software is

more commonly available for logistic models (often under the

term logistic regression), this discussion will focus on the use

and interpretation of logit analysis. The same considerations

discussed in this Section for logit analysis apply as well to

probit analysis; see Probit Analysis of Quantal Data under

Examples.

Logit Model—The logit model for the probability of

response, P(d), can be expressed in two equivalent forms. For

the sigmoid,

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 715



Black plate (716,1)

An alternative form shows the relationship to linear models:

The linear form is a useful reminder that many of the

considerations discussed in Linear Models under Linear and

Nonlinear Models for Quantitative Responses apply to

quantal models as well, in particular linearity and parallelism.

For a logit analysis with Standard and Test preparations, let

T be a variable that takes the value 1 for animals receiving the

Test preparation and 0 for animals receiving the Standard.

Assuming parallelism of the Test and Standard preparations,

the logit model for estimating relative potency is then:

The natural log of the relative potency of the Test compared

to the Standard preparation is then b2/b1. The two curves in

Figure 6 show parallel Standard and Test sigmoids. (If the

corresponding linear forms were shown, they would be two

parallel straight lines.) Here, the scale was chosen so that the

relative potency of the Test to the Standard was 1.5. The log

of the relative potency is the horizontal distance between the

two curves, similar to that found for quantitative responses

using the linear and four-parameter logistic models.

Figure 6. Example of parallel sigmoid curves

Estimating the Model Parameters and Relative

Potency—There are two methods for estimating the param-

eters of logit and probit models: maximum likelihood and

weighted least squares. The least squares approach is the one

most commonly used for probit analysis. Software for logit

analysis that is intended for bioassay application is also likely

to use weighted least squares. More general logistic software

will most likely use maximum likelihood. The difference is

not practically important, and the laboratory can accept the

choice made by its software. The following assumes a general

logistic regression software program. Specialized software

should be similar.
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Considering the form of Equation 31, one observes a

resemblance to linear regression. This is a useful perspective

if logistic regression software is used. There are two

independent variables, ln(d) and T. For each animal, there is

a yes/no dependent variable, often coded as 1 for yes or

response and 0 for no or no response. Although bioassays are

often designed with equal numbers of animals per dose, that

is not a requirement of analysis. Utilizing the parameters

estimated by software, which include b0, b1, and b2, and their

Standard errors, one obtains the estimate of the natural log of

the relative potency:

where the caret denotes estimate. Substituting the parameter

estimates and their Standard errors into Fieller’s Theorem (see

Confidence Intervals under Elements of Data Analysis), one

can calculate the confidence interval [L, U] for the log of

relative potency. The confidence interval for the relative

potency is then [exp(L), exp(U)]

Assumptions—In most cases, quantal analyses assume a

Standard binomial model with independence of results from

animal to animal. The binomial is a common choice of

distribution for dichotomous data in contrast to the choice of

normal distribution for continuous data. The key assumptions

of the binomial are that at a given dose each animal treated at

that dose has the same probability of responding, and the

results of any animal are not correlated with those of any

other animal. There are many ways in which this basic set of

assumptions could be violated. Foremost among these would

be the presence of litter effects, where the responses of

animals from the same litter will tend to be more alike than

responses of animals from different litters. Cage effects, in

which the environmental conditions or care rendered to any

specific cage makes the animals from that cage more or less

likely to respond to experimental treatment, violate the same

equal-probability assumption. These assumption violations

and others like them (that could be a deliberate design choice)

do not preclude the use of logit or probit models; however,

they are indications that a more complex approach to analysis

than that presented here is required.

Assessing Assumptions—To assess parallelism, Equation 31

may be modified as follows:

Here, b3 is the difference of slopes between Test and Standard

and should be sufficiently small. (The T*ln(d) term is known

as an interaction term in statistical terminology.) The measure

of nonparallelism may also be expressed in terms of the ratio

of slopes, (b1 + b3)/b1. See Parallelism under Elements of

Data Analysis for a general discussion of assessing

parallelism.

To assess linearity, it is good practice to start with a

graphical examination. In accordance with Equation 31, this

would be a plot of ln[(y + .5)/(n – y + .5)] against ln(dose),

where y is the total number of responses at the dose and n is

the number of animals at that dose. The lines for Test and

Standard should be parallel straight lines as for the linear

model in quantitative assays.

Formal tests for linearity are based on testing the null

hypothesis of linearity against the alternative of nonlinearity.

As discussed during the assessment of parallelism, an

alternative method that supports a conclusion of sufficiently

linear is favored.

Linearity of the ln(dose) term in Equation 31 is not a

necessity. This contrasts to parallelism, which is a key

assumption of a relative potency assay. The dose–response

relationship can be examined by plotting ln[(%response/(100

– %response)] versus ln(dose). If the relationship is

monotonic but does not appear to be linear, then the model

in Equation 31 can be extended with other terms. For
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example, a quadratic term in ln(dose) could be added:

[ln(dose)]2. If dose needs to be transformed to something

other than log dose, then the quantal model analog of slope

ratio assays is present. The latter are possible but are

sufficiently unusual that they will not be discussed here in

any greater depth.

Outliers—The concept of outliers is different for quantal

assays than for quantitative assays—because the assay

response is either yes or no, the value cannot be unusual.

What may appear to fall into the outlier category is a single

response at a low dose or a single no-response at a high dose.

Assuming that there has been no cause found (e.g., failure to

properly administer the drug to the animal), there is no

statistical basis for distinguishing an outlier from a rare event.

Alternative Methods—Alternatives to the simple quantal

analyses outlined here may be acceptable, depending on the

nature of the analytical challenge. One such challenge is a

lack of independence among experimental units, as may be

seen in litter effects in animal assays.

Three approaches that may be employed are generalized

estimating equations (GEE), generalized linear models, and

generalized linear mixed-effects models. A GEE analysis will

yield standard errors and confidence intervals whose validity

does not depend on the satisfaction of the independence

assumption.

COMBINING RESULTS FROM MULTIPLE ASSAYS

Preliminary Considerations

In order to mitigate the effects of variability, replication of

independent bioassays and combination of their results to

obtain a single reportable value is often necessary. Analysts

should evaluate whether it is appropriate to combine the

results of such assays and, if so, in what way to proceed.

There are two primary questions to address when

considering whether to combine results from multiple assays:

(1) Are the assays mutually independent?

A set of assays may be regarded as mutually independent

when the execution of one does not affect the possible

outcomes of any of the others. This implies that the

random errors in all essential factors influencing the

result (for example, dilutions of the standard and of the

preparation to be examined or the sensitivity of the

biological indicator) in one assay must be independent of

the corresponding random errors in the other one. Assays

on successive days using the original and retained

dilutions of the standard, therefore, are not independent

assays.

It is not a requirement that assays be independent in order

for analysts to combine results. However, methods for

independent assays are much simpler. Also, combining

dependent assay results may require assumptions about

the form of the correlation between assay results that may

not be verifiable. Statistical methods are available for

dependent assays, but they are not presented here.

(2) Are the results of the assays homogeneous?

Homogeneous results differ only due to random within-

assay errors. Any contribution from factors associated

with intermediate precision precludes homogeneity of

results. Intermediate precision factors are those that vary

between assays within a laboratory and can include

analyst, equipment, and environmental conditions. There

are statistical tests for heterogeneity, but lack of

statistically significant heterogeneity is not properly

taken as assurance of homogeneity. Homogeneity

should be documented by examining data from multiple

assays.

Additionally, before results from assays can be combined,

analysts should consider the scale on which that combination

is to be made. In general, the combination should be done on

the scale for which the parameter estimates are approximately

normally distributed. Thus, for relative potencies based on a

parallel-line or parallel-curve method, the relative potencies

are combined in the logarithm scale.
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Methods for Combining Assays

There are several methods for combining the results of

independent assays, the choice among them depending on

judgments regarding assay result homogeneity. A simple

approximate method is described below and is recommended.

A second procedure that requires individually weighting the

results being combined is provided and may be useful if

necessary conditions are fulfilled and documented. A third

alternative, analyzing all assays together using a linear or

nonlinear mixed-effects model, is not discussed here.

Method 1 (assay result homogeneity not required)—

Following is a simple method that assumes independence of

assays but not homogeneity of results. It is further assumed

that the individual assay results are from a common normal

distribution. This latter assumption requires that all assays to

be combined used the same design and laboratory procedures.

Let Ri denote the result (on the appropriate scale; this will

usually be the logarithm of the relative potency) of the ith

assay of N assay results to be combined. To combine the N

results, the mean, standard deviation, and standard error are

calculated in the usual way:

A 100(1–a)% confidence interval is then found as

R + tN–1,a/2SE (38)

where tN –1,a/2 is the upper a/2 percentage point of a t-

distribution with N –1 degrees of freedom. The quantity

tN –1,a/2SE is the expanded uncertainty of R. The number N of

assays to be combined is usually small, and hence the value of

t is usually large.

If the result is combined in the logarithm scale, results can

be reported in the untransformed scale as a confidence

interval for the geometric mean,

exp(R – tN–1,a/2SE). exp(R + tN–1,a/2SE) (39)

Method 2 (assay result homogeneity required)—This

method can be used provided the following conditions are

fulfilled:

(1) The individual potency estimates form a homogeneous

set with regard to the potency being estimated. Note that

this means documenting that there are no contributions to

between-assay variability from intermediate precision

factors. Standard statistical testing of a null hypothesis of

no contribution is not appropriate for demonstrating this

condition; the contribution should be demonstrated to be

equivalent to zero.

(2) Potency estimates are derived from independent assays.

(3) The number of degrees of freedom of the individual

residual errors is not smaller than 6 and preferably is

larger than 15.

When these conditions are not fulfilled, this method cannot

be applied and Method 1 or some other method should be

used. Further note that although Method 2 often results in

narrower confidence intervals than Method 1, this is not

sufficient justification for using Method 2 absent satisfaction

of the conditions listed above.

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 719



Black plate (720,1)

Calculation of Weighting Coefficients—It is assumed that

the results of each of the N assays have been analyzed to give

N values of log potency with associated confidence limits. For

each assay, i, the logarithmic confidence interval for the log

potency and a value Li are obtained by subtracting the lower

limit from the upper. A weight Wi for each value of the log

relative potency, Ri, is calculated as follows, where ti has the

same value as that used in the calculation of confidence limits

in the ith assay.

Calculation of the Weighted Mean and Confidence Limits—

The products WiRi are formed for each assay, and their sum is

divided by the total weight for all assays to give the weighted

mean log relative potency and its standard error as follows:

A 100(1–a)% confidence interval in the log scale is then

found as

R + tk,a / 2SE (43)

where tk,a/2 is the upper a/2 percentage point of a t-distribution

with degrees of freedom, k, equal to the sum of the number of

degrees of freedom for the error mean squares in the

individual assays. This confidence interval can then be

transformed back to the original scale as for Method 1.

EXAMPLES

Parallel-Line Analysis

An in vitro assay was conducted to compare a new hepatitis

B vaccine against a Standard vaccine. Three independent two-

fold dilution series of 5 dilutions were prepared from each of

the vaccines. After additional assay steps, optical densities

were measured. These are listed in Table 1.

Table 1. Optical Densities (OD)

Dilution Standard Test

S1 S2 S3 T1 T2 T3

1 : 16 000 0.043 0.045 0.051 0.097 0.097 0.094

1 : 8000 0.093 0.099 0.082 0.167 0.157 0.178

1 : 4000 0.159 0.154 0.166 0.327 0.355 0.345

1 : 2000 0.283 0.295 0.362 0.501 0.665 0.576

1 : 1000 0.514 0.531 0.545 1.140 1.386 1.051
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Figure 7 Plot of OD vs. 1/dilution factor

Figure 7 illustrates two problems. First, the relationship

between OD and dilution factor is not linear. Second,

observation suggests that at least for the Test data, the

variability increases with OD and a weighted analysis may be

needed. Figure 8 shows the same data but now with a base

2 log scale for dilution. Because the dilutions are by

successive factors of 2, assigning successive integer values

to the dilutions is the same as using a log2 scale and gives us

the convenience of integers for the logs of dilution factors.

Figure 8. Plot of log10 OD vs. log2 dilution

Following transformation, the relationship is now reasonably

linear; also, the variability now appears more constant across

the plot. Insofar as linearity, the primary motivator of

transformation, has been achieved, no further transform will

be used to address inconstant variance. A further inspection

of variability is obtained by plotting standard deviations

(standard deviations where Test and Standard variances are

pooled) at each successive dilution against dilution. Figure 9

depicts this association with a trend line (regression) added.

For the purpose of this exercise, this apparent trend is deemed

sufficient cause to require compensation by weighting.

Figure 9. Standard deviation vs. dilution

How is a weighting factor determined? First, it is

inappropriate to use the standard deviations plotted in

Figure 9 as the basis of weighting. Because they are based

on scant data—two sets of triplicates—they are insufficient

for an accurate determination. If historical data are available,

they could be used to estimate the variance at each dilution

and could be used for the weighting. Another option, whether

historical data are available or not, is to model the relationship

between the variance and dilution and use that information to

set a weighting factor. Here, the standard deviation is roughly

linearly associated with dilution and, after some trial and

error, seen to be roughly proportional to (9-fold dilution) as

coded in Figure 9. Again, the variance at each dilution is not

required, only a relationship based on the entire model

(regression) association variance with dilution across the

entire range of dilutions. Thus, the variance is modeled as

proportional to (9-fold dilution)2 and responses are weighted

inversely proportional to that value.

A weighted regression to the log transformed ODs is now

fit, with two slopes, an intercept, and a difference of

intercepts. Table 2 shows the data in a convenient spreadsheet

format for this analysis. The variable test is 1 for data from

the Test vaccine and 0 for data from the Standard. This

arrangement is for spreadsheets and other programs that do

not have specific functions for weighted regression but can
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determine a regression with the intercept forced to be 0. The

prime variables are original variables multiplied by the square

root of the weight. TD indicates Test dilution, the product of

the Test and log dilution variables; D stands for dilution. If

this analysis were performed without weighting, the first four

columns would be used and a non-zero intercept would be

sought. With weighting, the last five columns are used and an

intercept of zero is sought. The results are shown in Table 3.

With reference to the data in the format of Table 2, the

coefficient for the variable TD’ is the difference of the slopes;

the coefficient for SQRT(weight) is actually the intercept and

is that for the Standard; and the coefficient for Test ’ is the

difference of the intercepts. The lines in Figure 8 correspond

to this analysis. The difference of slopes (–0.0019) is small

and the 95% confidence interval for the difference of slopes,

(0.0218, 0.0180), covers an interval that is a small fraction of

the Standard slope (–0.268). Therefore, a conclusion that the

slopes are sufficiently similar to proceed to an analysis with a

common slope is warranted. Although it is also the case that

the p-value for the difference of slopes (0.844) indicates no

statistically significant difference of slopes, that is not

relevant to the conclusion. Table 4 shows some of the results

after refitting the regression with a common slope. This uses

the last four columns of Table 2.
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Table 2. Data in Spreadsheet Format

LOG10

(OD)

Test_

Dilution

log2

Dilution
Test Weight TD’ D’ TEST’

SQRT

(weight)

LOG10

(OD)’

–1.3665 0 5 0 0.0625 0 1.25 0 0.25 –0.3416

–1.3468 0 5 0 0.0625 0 1.25 0 0.25 –0.3367

–1.2924 0 5 0 0.0625 0 1.25 0 0.25 –0.3231

–1.0315 0 4 0 0.04 0 0.8 0 0.2 –0.2063

–1.0044 0 4 0 0.04 0 0.8 0 0.2 –0.2009

–1.0862 0 4 0 0.04 0 0.8 0 0.2 –0.2172

–0.7986 0 3 0 0.0278 0 0.5 0 0.1667 –0.1331

–0.8125 0 3 0 0.0278 0 0.5 0 0.1667 –0.1354

–0.7799 0 3 0 0.0278 0 0.5 0 0.1667 –0.1300

–0.5482 0 2 0 0.0204 0 0.2857 0 0.1429 –0.0783

–0.5302 0 2 0 0.0204 0 0.2857 0 0.1429 –0.0757

–0.4413 0 2 0 0.0204 0 0.2857 0 0.1429 –0.0630

–0.2890 0 1 0 0.0156 0 0.125 0 0.125 –0.0361

–0.2749 0 1 0 0.0156 0 0.125 0 0.125 –0.0344

–0.2636 0 1 0 0.0156 0 0.125 0 0.125 –0.0330

–1.0132 5 5 1 0.0625 1.25 1.25 0.25 0.25 –0.2533

–1.0132 5 5 1 0.0625 1.25 1.25 0.25 0.25 –0.2533

–1.0269 5 5 1 0.0625 1.25 1.25 0.25 0.25 –0.2567

–0.7773 4 4 1 0.04 0.8 0.8 0.2 0.2 –0.1555

–0.8041 4 4 1 0.04 0.8 0.8 0.2 0.2 –0.1608

–0.7496 4 4 1 0.04 0.8 0.8 0.2 0.2 –0.1499

–0.4855 3 3 1 0.0278 0.5 0.5 0.1667 0.1667 –0.0809

–0.4498 3 3 1 0.0278 0.5 0.5 0.1667 0.1667 –0.0750

–0.4622 3 3 1 0.0278 0.5 0.5 0.1667 0.1667 –0.0770

–0.3002 2 2 1 0.0204 0.2857 0.2857 0.1429 0.1429 –0.0429

–0.1772 2 2 1 0.0204 0.2857 0.2857 0.1429 0.1429 –0.0253

–0.2396 2 2 1 0.0204 0.2857 0.2857 0.1429 0.1429 –0.0342

0.0569 1 1 1 0.0156 0.125 0.125 0.125 0.125 0.0071

0.1418 1 1 1 0.0156 0.125 0.125 0.125 0.125 0.0177

0.0216 1 1 1 0.0156 0.125 0.125 0.125 0.125 0.0027
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The estimate of the logarithm of relative potency is –0.3037/

(–0.2690) = 1.129. The extra minus sign is here because the

dilution coding is reversed from concentration order; see the

Figures. Taking base 2 antilogs (because the base 2 log scale

is used for the dilution variable), the estimate of relative

potency is 2.187. Fieller’s Theorem is used to obtain a

confidence interval. This requires the covariance between the

estimate of the slope and the estimate of the difference of

intercepts (Test’ row of Table 4). Zero is substituted for the

vanishingly small covariance value of 4610–20, and the

simpler of the Fieller’s formulas is used. Using the notation

for Confidence Intervals under Elements of Data Analysis:

â = –0.3037, SEa = 0.0127

t = 2.052, the upper 2.5% point of a t-distribution with 27

(=30–3) degrees of freedom (for a 95% confidence interval)

g = (2.052 * 0.0047/(–0.2690))2 = 0.0013.

The 95% confidence interval for the logarithm of relative

potency is then

Taking base 2 antilogs, the 95% confidence interval for the

relative potency is (2.04, 2.36).

In sum, a relative potency of 2.19 with a 95% confidence

interval of (2.04, 2.36) has been determined. This can be

converted to a measure of specific activity using as a factor

the Standard’s activity assignment of 20.0 mg protein/mL.

This yields a specific activity of 43.7 mg protein/mL for the

Test preparation with 95% confidence interval (CI) (40.8,

47.2).

Note that the analyses presented here assume indepen-

dence. If serial dilutions were used in sample preparation,

lack of that source of bias or variance would render these

calculations suspect.

Table 4. A Portion of the Results from Analysis Assuming Equal
Slopes

Coefficients Standard Errors

Intercept 0 N/A

D’ –0.2690 0.0047

Test’ 0.3037 0.0127

SQRT(weight) 0.0172 0.0196

Table 3. Regression Results with Unequal Slopes

Coefficients

Standard

Errors

t

Statistics

p-

values

Lower 95%

CIa

Upper 95%

CIa

Intercept 0 N/Ab N/A N/A N/A N/A

TD’ –0.0019 0.00967 –0.198 0.844 –0.0218 0.0180

D’ –0.2681 0.00684 –39.21 55 0.001 –0.28213 –0.2540

TEST’ 0.3107 0.0379 8.208 55 0.001 0.232917 0.3886

SQRT(weight) 0.0137 0.0268 0.510 0.614 –0.04137 0.0687

a CI = confidence interval.
b N/A = not applicable.
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Analysis of a Randomized Complete Block Design

(RCBD)

This assay is designed to assign a potency in international

units (IU) per vial. The Standard has an assigned potency of

670 IU/mg. The Test preparation has an assumed potency of

20,000 IU/vial. On the basis of this information the stock

solutions are prepared as follows: 16.7 mg of the Standard is

dissolved in 25 mL of solvent, and the contents of one vial of

the Test preparation are dissolved in 40 mL of solvent. The

final solutions are prepared by first diluting to 1/40 and

further using a dilution ratio of 1.5. The tubes are placed in a

water bath in a randomized block arrangement; see h1032i.

Blocking is used here to control potential variability

associated with location in the bath. The responses are

shown in Table 5 and plotted in Figure 10.

Figure 10

We see from Figure 10 that the linearity assumption is

reasonable. We also see similar spread of the data at each

dilution level, suggesting there is no need for a weighted

analysis. As a reminder, normally the weighting would have

been determined at or prior to validation and used in the

analysis.

For analysis, we have two choices, namely whether or not

to take the blocking into account. We could ignore the

blocking and proceed as above in Parallel-Line Analysis.

This would yield a valid estimate of relative potency but one

with less precision than is possible. In the rows of Table 5, the

mean absorbance decreases from Block 1 to Block 5,

suggesting that there is a difference between blocks. The

purpose of the randomized block design is to increase

precision by removing a source of variability associated with

the blocks and to provide a smaller error term and narrower

confidence intervals. Table 6 shows the data in one

convenient form for spreadsheets.

Table 7 shows the results from the regression analysis with

unequal slopes. One also sees the block trend. The coefficient

for Block 5 is identically 0, a consequence of the coding for

block of Table 6.

The difference of slopes (1.420) is small, but there could be

a question regarding the confidence interval. The upper

confidence bound (5.703) is more than 10% of the Standard

slope (–45.820). For most purposes, a difference of less than

20% or so is unlikely to be important, so we take this as

indicating sufficient parallelism that the analysis can continue

with equal slopes. (The choice of 20% is for this example and

is not intended as generally applicable.) The equal-slopes

analysis is based on Equation 8 with the addition of terms for

the blocking. Those results are given in Table 8. At this point

Table 5. Data for Randomized Block Example (absorbances 6 1000)

Standard Test

Block S1 S2 S3 S4 T1 T2 T3 T4 Mean

1 252 207 168 113 242 206 146 115 181.1

2 249 201 187 107 236 197 153 102 179.0

3 247 193 162 111 246 197 148 104 176.0

4 250 207 155 108 231 191 159 106 175.9

5 235 207 140 98 232 186 146 95 167.4
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Table 6. Data in One Spreadsheet Format

Absorbances

Test_

Dilution Dilution Test Block1 Block2 Block3 Block4

252 0 1 0 1 0 0 0

249 0 1 0 0 1 0 0

247 0 1 0 0 0 1 0

250 0 1 0 0 0 0 1

235 0 1 0 0 0 0 0

207 0 2 0 1 0 0 0

201 0 2 0 0 1 0 0

193 0 2 0 0 0 1 0

207 0 2 0 0 0 0 1

207 0 2 0 0 0 0 0

168 0 3 0 1 0 0 0

187 0 3 0 0 1 0 0

162 0 3 0 0 0 1 0

155 0 3 0 0 0 0 1

140 0 3 0 0 0 0 0

113 0 4 0 1 0 0 0

107 0 4 0 0 1 0 0

111 0 4 0 0 0 1 0

108 0 4 0 0 0 0 1

98 0 4 0 0 0 0 0

242 1 1 1 1 0 0 0

236 1 1 1 0 1 0 0

246 1 1 1 0 0 1 0

231 1 1 1 0 0 0 1

232 1 1 1 0 0 0 0

206 2 2 1 1 0 0 0

197 2 2 1 0 1 0 0

197 2 2 1 0 0 1 0

191 2 2 1 0 0 0 1

186 2 2 1 0 0 0 0

146 3 3 1 1 0 0 0

153 3 3 1 0 1 0 0

148 3 3 1 0 0 1 0

159 3 3 1 0 0 0 1

146 3 3 1 0 0 0 0

115 4 4 1 1 0 0 0

102 4 4 1 0 1 0 0

104 4 4 1 0 0 1 0

106 4 4 1 0 0 0 1

95 4 4 1 0 0 0 0
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Table 9. Macrophage Cell Lysis Assay (MCL) Data

rPA102 Conc. (ng/mL) 150 100 66.7 44.4 29.6 19.8

RLU Test 164.1 187.4 208.1 268.8 687.7 687.7

Standard 172.1 171.4 224.8 337.5 955.8 2903.4

rPA102 Conc. (ng/mL) 12.2 8.8 3.9 2.6 1.7 0.8

RLU Test 8442.7 12405.3 13764.7 13684.6 14339.6 13287.8

Standard 9027 13657.3 14511 14784.5 14670.4 13738

Table 7. Regression Results, Unequal Slopes

Coefficients

Standard

Errors

t

Statistics

p-

values Lower 95% CI

Upper 95%

CI

Intercept 285.900 4.702 60.802 550.001 276.322 295.478

Test_Dilution 1.420 2.103 0.675 0.504 –2.863 5.703

Dilution –45.820 1.487 –30.815 550.001 –48.849 –42.791

Test –11.500 5.759 –1.997 0.054 –23.230 0.230

Block 1 13.750 3.717 3.699 0.001 6.178 21.322

Block 2 11.625 3.717 3.127 0.004 4.053 19.197

Block 3 8.625 3.717 2.320 0.027 1.053 16.197

Block 4 8.500 3.717 2.287 0.029 0.928 16.072

Table 8. Regression Results, Equal Slopes

Coefficients

Standard

Errors

t

Statistics

p-

values

Lower 95%

CIs

Upper 95%

CIs

Intercept 284.125 3.867 73.483 550.001 276.259 291.991

Dilution –45.110 1.043 –43.262 550.001 –47.231 –42.989

Test –7.950 2.332 –3.410 0.002 0.002 –3.206

Block 1 13.750 3.687 3.730 0.001 6.250 21.250

Block 2 11.625 3.687 3.153 0.003 4.125 19.125

Block 3 8.625 3.687 2.340 0.026 1.125 16.125

Block 4 8.500 3.687 2.306 0.028 1.000 16.000
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analysis can proceed as above in Parallel-Line Analysis. The

error mean square for the analysis of Table 8 is 54.36; had

blocks not been included as a factor in the analysis, this value

would be 72.18.

Using the notation of Confidence Intervals under Elements

of Data Analysis,

â = –7.950, SEa = 2.332

t = 2.035, the upper 2.5% point of a t-distribution with 33

(=40 –7) degrees of freedom (for a 95% confidence

interval)

g = (2.035 * 1.043/(–45.110))2 = 0.0022.

The 95% confidence interval can now be calculated:

Because the dilutions were coded as integers of the 1.5

dilutions, we now take base 1.5 antilogs. The (uncorrected for

dilution) relative potency is 1.50.176 = 1.074 with a 95%

confidence interval of (1.029, 1.121). A correction factor of

0.89512 is necessary because the dilutions were not exactly

equipotent on the basis of the assumed potency. Multiplying

by this correction factor and the assumed potency of 20,000

IU/vial yields a potency of 19,227 IU/vial with 95%

confidence limits from 18,422 to 20,069 IU/vial.

Sigmoid Analysis for Continuous Data

The data are from a macrophage cell lysis (MCL) assay

used to determine potency of recombinant Protective Antigen

102 (rPA102). Standard and Test material were prepared at 12

(approximately) 2- to 3-fold dilutions, from 150 ng/mL to 0.8

ng/mL rPA. Luminescence was measured at each dilution.

The data are presented in Table 9 and Figure 11. These data

will be used as an example of the four-parameter logistic

model of Nonlinear Models under Analysis Models.

Step 1—Examine the data and determine if there is need

for a transformation of the response prior to analysis.

Figure 11a shows a plot of the response versus the (natural)

log of the concentration (see Table 9). Figure 11b shows the

same data except that the response has been transformed to

the natural log scale as well. The plotted curves are

determined without assuming parallelism. The curves on the

right show the characteristic symmetry about the center of the

four-parameter curve somewhat better than do the curves on

the left. On the basis of these plots, analysts may chose to

analyze these data in the log-response scale. The difference is

not large here, and some analysts may choose not to log

transform the response. There is also an assumption made

here regarding the difference in upper asymptotes seen in

Figure 11a but not as evident in 11b—that the difference is

within the system suitability range for the upper asymptote

comparison.

Step 2—Assess suitability parameters on the Standard

sample

As part of making a decision about whether or not an assay

yielded acceptable results, some laboratories test to determine

if the Standard sample dose–response curve conforms

acceptably to expectations based on previous assay experi-

ence. Statistics for the Standard curve are compared to

recorded historical assay behavior. Such system suitability

parameters are obtained in the curve fitting and include A, B,

lnC, D, and RMSE.

Step 3—Determine whether weighting is required and the

weights, if needed.

Not shown here are data from other runs of this assay that

indicate that the coefficient of variation is constant across

concentration when measured in the original scale. Because
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the coefficient of variation is constant, the standard deviation

is then proportional to the average response and increases as

concentration increases. An analyst who chooses to analyze

these data in the original scale must then properly weight the

analyses in order for the resulting standard errors and

confidence intervals to be correct.

A property of the log transform is that it converts constant

coefficient of variation in the original scale into constant

standard deviation in the log-transformed scale. Thus, if data

are analyzed in the log scale, as will be done here, no

weighting is required.

Step 4—Test for parallelism.

The model for a four-parameter logistic curve (see

Equations 11 and 12 under Analysis Models) is

where y is the natural log of the response and z is

concentration.

The test for parallelism requires a model that combines

Standard and Test data and accommodates Standard and Test

data that have different asymptotes and slopes and provides

an estimate of relative potency. Combining in this manner

allows straightforward inference about the uncertainty terms

(�A, �D, �M) because the standard errors are then part of

analysis output. The requisite function is as shown in

Equation 47 below,

where T is an indicator variable that takes the value 0 for a

Standard observation and 1 for a Test observation, and r is

the test material’s relative potency.

The 90% CI endpoints for �A, �B, and �M are simply +

t0.95, 15 (95th percentile of a t-distribution with 15 degrees of

freedom) times the standard error of each uncertainty

estimate. A 90% CI is used rather than 95% because the

objective is to show equivalence to 0. A 90% CI corresponds

to a 5% test of the equivalence hypothesis. The 90% CI

endpoints shown as percentages (rightmost column) are the

90% CI endpoints divided by the Standard range (A–D) for

the asymptotes or by the reference slope for �M. These 90%

CI endpoints shown as percentages can be compared to

sample acceptance criteria of + 5–15% for asymptotes and

+ 35–50% for slope. As shown in Analysis of a Randomized

Complete Block Design (RCBD), these acceptance criteria are

examples and are not intended to apply to all assays. The

choice of criteria will depend on the assay and product.

Generally, products with narrow therapeutic windows gener-

Figure 11. Plot of response (left) and ln response (right) against ln concentration
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ally should use the narrower end of these acceptance limits,

but vaccines or other products with wide therapeutic windows

can use the wide range of these acceptance limits.

Step 5—Refit the model assuming parallelism.

The results provided in Table 10 support a conclusion of

acceptable parallelism, although the difference in slopes has a

wide confidence interval. The next step is to fit the model

assuming common slope and intercepts (i.e., Equation 17

under Analysis Models). It would not be appropriate to

compare the EC50s from the curves determined separately for

the Test and Standard. The following model may now be fit to

determine parameter and relative potency estimates:

The estimate of the relative potency, r(%), is 100*e0.0499 =

105.1%; the 95% CI for r is (100*e0.0048%, 100*e0.0951%), or

(100.5%, 110.0%). The parameter estimates following the

refit of the model are shown in Table 11.

Table 11. Final Parameter Estimates

Parameter Estimate

Standard

Error 95% CI

A 9.5700 0.0256 (9.5164, 9.6236)

D 5.1382 0.0369 (5.0610, 5.2154)

M 3.1135 0.1206 (2.8611, 3.3660)

b 3.2159 0.0176 (3.1790, 3.2529)

lnr 0.0499 0.0216 (.0048, .0951)

Slope Ratio Model

A laboratory carries out a chromogenic assay of factor VIII

activity. Eight replicates (more than might be used routinely)

at 3 dilution points (IU/mL) are prepared for both a Standard

and a Test preparation. Additionally, 8 replicates of a blank

are prepared. The data are presented in Table 12 and are

depicted graphically in Figure 12. As is seen in this Figure,

there is a loss in linearity with inclusion of the Blank data;

therefore, the Blank responses will not be used in

calculations. However, the evident linearity across dilution

points and similarity of intercepts provide assurance that the

slope-ratio model is appropriate for analysis of these data.

Figure 12. Slope ratio data

Table 10. Estimates of Parallelism Parameters

Parameter Estimate Standard Error 90% CI

90% CI as %

of A–D

�A –0.0816 0.0447 (–0.0032, 0.16) (–0.05, 2.5)

�D 0.0420 0.0647 (–0.0714, 0.155) (–1.1, 2.4)

�M 0.5779 0.2168 (–0.198, 0.958) (–6, 30)
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The first task is to determine whether the Test and Standard

lines have a common intercept. Note that the intercept need

not be 0. To test this, a linear regression that has separate

slopes and intercepts for the Test and Standard and a

difference of intercepts is fit. Table 13 shows the data of Table

12 formatted to facilitate this calculation. The column

variable Test is set to 1 for Test data and 0 for Standard

data; the coefficient for this variable will be the difference of

intercepts. The other two columns enable calculation of slope

coefficients for the Test and Standard regressions.

Table 13. Factor VIII Assay Data Formatted for Analysis

Absorbance Conc_Std Conc_Test Test

0.133 0.01 0 0

0.133 0.01 0 0

0.131 0.01 0 0

0.136 0.01 0 0

0.137 0.01 0 0

0.136 0.01 0 0

0.138 0.01 0 0

0.137 0.01 0 0

0.215 0.02 0 0

0.215 0.02 0 0

0.216 0.02 0 0

0.218 0.02 0 0

Table 13. Factor VIII Assay Data Formatted for Analysis
(Continued)

Absorbance Conc_Std Conc_Test Test

0.220 0.02 0 0

0.220 0.02 0 0

0.219 0.02 0 0

0.218 0.02 0 0

0.299 0.03 0 0

0.299 0.03 0 0

0.299 0.03 0 0

0.297 0.03 0 0

0.297 0.03 0 0

0.305 0.03 0 0

0.299 0.03 0 0

0.302 0.03 0 0

0.120 0 0.01 1

0.119 0 0.01 1

0.118 0 0.01 1

0.120 0 0.01 1

0.120 0 0.01 1

0.121 0 0.01 1

0.121 0 0.01 1

0.121 0 0.01 1

0.188 0 0.02 1

Table 12. Factor VIII Assay Data

Concentration (IU/mL)

Standard Test

Blank 0.01 0.02 0.03 0.01 0.02 0.03

Absorbance 0.022 0.133 0.215 0.299 0.120 0.188 0.254

0.024 0.133 0.215 0.299 0.119 0.188 0.253

0.024 0.131 0.216 0.299 0.118 0.190 0.255

0.026 0.136 0.218 0.297 0.120 0.190 0.258

0.023 0.137 0.220 0.297 0.120 0.190 0.257

0.022 0.136 0.220 0.305 0.121 0.191 0.257

0.022 0.138 0.219 0.299 0.121 0.191 0.255

0.023 0.137 0.218 0.302 0.121 0.190 0.254
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Table 13. Factor VIII Assay Data Formatted for Analysis
(Continued)

Absorbance Conc_Std Conc_Test Test

0.188 0 0.02 1

0.190 0 0.02 1

0.190 0 0.02 1

0.190 0 0.02 1

0.191 0 0.02 1

0.191 0 0.02 1

0.190 0 0.02 1

0.254 0 0.03 1

0.253 0 0.03 1

0.255 0 0.03 1

0.258 0 0.03 1

0.257 0 0.03 1

0.257 0 0.03 1

0.255 0 0.03 1

0.254 0 0.03 1

Results from the fit of this regression are given in Table 14.

Regression lines are plotted in Figure 12.

The estimated difference of intercepts is very small. Also,

the confidence interval for the difference of the intercepts, (–

0.0031, 0.0032), spans a range of values, all of which are

negligible. This supports a choice to proceed with analysis as

though there is a common intercept. If a more elaborate

analysis of difference of intercepts is desired, one based on

assessing equivalence with a prespecified equivalence interval

is recommended.

Refitting the lines with a common intercept (i.e., not using

the rightmost column of Table 13) yields a new set of

regression results, several of which are shown in Table 15.

Computing the CI for the relative potency using Fieller’s

Theorem requires the interslope covariance (CO in the

notation in Confidence Intervals under Elements of Data

Analysis).

Table 15. Regression Results with Equal Intercepts

Coefficients Standard Errors

Intercept 0.0530 0.000774

Standard Slope 8.224 0.0383

Test Slope 6.770 0.0383

The relative potency is estimated as 6.770/8.224 = 0.823.

Using the notation found in Confidence Intervals under

Elements of Data Analysis:

â = 6.770, SEa = 0.0383

C = 0.0011

t = 2.014, the upper 2.5% point of a t-distribution with 45

(= 48 –3) degrees of freedom (for a 95% CI).

Table 14. Regression Results with Unequal Intercepts

Coefficients

Standard

Errors t Statistics p-values

Lower

95% CI

Upper

95% CI

Intercept 0.0530 0.0011 47.8 550.001 0.0507 0.0552

Difference of Intercepts 4.2 6 10–5 0.0016 0.027 0.979 –0.0031 0.0032

Standard Slope 8.225 0.0513 160.4 550.001 8.122 8.328

Test Slope 6.769 0.0513 132.0 550.001 6.665 6.872
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Then g is calculated to be (2.014 * 0.0383/8.224)2 =

8.86 10–5, which will be taken as 0. Thus, 1 –g = 1 in the

Fieller’s Theorem formula. The CI is then calculated as

shown in Equation 49 below. Finally a relative potency, as

percent, of 82.3% with a 95% CI of (81.7%, 82.9%) is found.

Probit Analysis of Quantal Data

The following data are from an animal assay. At each of the

analyte concentrations (mg/mL), 10 animals were tested for

both Standard and Test preparations. Each animal could

respond (value = 1) or not respond (value = 0). The response

for this assay is thus dichotomous (quantal), and the data may

be used to demonstrate probit analysis. Although this is not

the logit analysis shown in Dichotomous (Quantal) Assays

under Analysis Models, the two methods are similar in

process.

Response counts at each concentration are tabulated in

Table 16. Figure 13 shows the proportion responding plotted

against the log of concentration. Notable features of these

data are the large number of cases with 90% and 100%

responding and the steepness of the response curve and the

paucity of information at the center of the curve.

Table 16. Count of Positive Animal Responses

Concentration Standard Test

0.08 0 0

0.16 1 2

0.32 7 3

0.64 10 6

Table 16. Count of Positive Animal Responses (Continued)

Concentration Standard Test

1.28 9 10

2.56 9 10

5.12 10 10

10.24 10 10

20.48 10 10

Figure 13. Proportion responding by concentration (curves

shown are fitted probit curves)

Following is the probit analysis:

Step 1—Check for parallelism.

We fit a probit model using three independent variables.

For determining the difference of slopes, the three variables

are T (= 1 for Test and 0 for Standard), log(concentration),

and T*log(concentration). The parameter estimate for

log(concentration) is the slope for the Standard. The

parameter estimate for T*log(concentration) is the difference

of slopes. Results are as follows in Table 17 (using base 10

logarithms). The 90% CI for the difference of slopes is found

as 0.569+ 1.645*0.837. This CI may be expressed in terms

of percentages of the Standard slope: = 100%*(–0.807/
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2.536), 100%(1.946/2.536) = –31.8%, 76.7%. Note that the

CI so expressed does not represent a CI for (Difference of

slopes/Standard slope), a calculation that would require use of

Fieller’s Theorem.

For determining the ratio of the Test slope to the Standard

slope, an alternative choice of independent variables [T,

T*log(concentration), and (1 –T)*log(concentration)] sim-

plifies calculations. With these variables, the parameter

estimate for T*log(concentration) is now the slope for the

Test. The parameter estimate for (1 –T)*log(concentration) is

the slope for the Standard. With this choice of variables we

can easily obtain standard errors and use Fieller’s Theorem to

obtain a CI for the ratio. With this choice, results are as

follows (see Table 18) and in the Fieller’s calculations, CO =

0. The two estimates are uncorrelated because this approach

only fits the two separate curves simultaneously. For probit

and logit analyses, the t-value is replaced by a standard

normal value, 1.645 in this case.

Although the difference and ratio of slopes is not large, the

CIs are quite wide. We cannot be confident that the two

curves are parallel. In the data (Table 16), we see that the Test

is somewhat less potent (fewer responders) in the middle of

the curve (concentrations of 0.32 and 0.64), but it is more

potent at the upper asymptote because it consistently obtains

100% response earlier than does the Standard.

For purposes of illustrating the relative potency calculation

we will proceed as if the two curves are accepted as

sufficiently parallel.

Step 2—Determine the estimate of relative potency and its

CI.

To determine an estimate of the relative potency, we refit

the probit model, now with two independent variables, T and

log(concentration). The difference of intercepts is the

parameter corresponding to T. CI is calculated using Fieller’s

Theorem with the following parameters:

a = –0.313 SEa = 0.383

b = 2.771 SEb = 0.492

CO = –0.009 (from output; not shown in table)

t = 1.645

The g factor is then (1.645*0.492/2.771)2 = 0.085. The

square root term in the formula for CI for the log of the

relative potency (a/b) is shown below in Equation 50. The

Table 18. Results for Ratio of Slopes

Standard Slope (SE) Test Slope (SE) Ratio of Slopes 90% CI for Ratio of Slopes

2.536 (0.505) 3.105 (0.667) 1.224 0.730, 2.013

Table 17. Results for Difference of Slopes

Standard

Slope

Difference of

Slopes (SE)

90% CI for

Difference of

Slopes

Difference as a % of

Standard Slope

90% CI as a % of

Standard Slope

2.536 0.569 (0.837) –0.807, 1.946 22.4% –31.8%, 76.7%

Table 19. Results for Relative Potency

Difference of

Intercepts (SE) Common Slope (SE)

Log10 of Relative

Potency

(90% CI)

% Relative Potency

(90% CI)

–0.313 (0.383) 2.771 (0.492) –0.113 (–0.359, 0.118) 77.1% (43.7%, 131.4%)
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result is displayed in Table 19. The estimate of relative

potency and its CI is then found by taking base10 antilogs of

the log values, e.g., 77.1% = 100%*10–0.113. We see that the

CI for the relative potency is quite wide.
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Chemical Tests and Assays

OTHER TESTS AND ASSAYS

BRIEFING

h401i Fats and Fixed Oils, USP 31 page 145. On basis of com-
ments received, it is proposed to make the following revisions.
1. In the tests for Ester Value, Hydroxyl Value, Iodine Value, Per-

oxide Value, and Saponification Value, replace all the descrip-
tions for the calculations by using a calculation formula.

2. In Iodine Value, Method I, the sample weight is changed to be-
come less restricted.

3. Add a Note in the Saponification Value test. To accommodate
different types of esters, reflux time can be extended up to 90
minutes.

4. Add a new section titled, Polyunsaturated Fatty Acids Detere-
mination and Profile, which contains two subsections: Content
of EPA and DHA and Content of Total Omega-3 Acids, that are
applicable to the analysis of oils containing polyunsaturated fat-
ty acids obtained from fish, plant, or microbial sources. The gas
chromatographic procedure described in the test for Content of
EPA and DHA and for Content of Total Omega-3 Acids is based
on the fatty acid procedure given in the European Pharmaco-
poeia and the Council for Responsible Nutrition’s Voluntary
monograph for Omega-3 Fatty Acids. The test is performed with
the CP-WAX 52 CB brand of capillary G16 column. Typical re-
tention times are about 18.5 minutes for the methyl and ethyl
ester forms of eicosapentaenoic (EPA) and about 23.5 minutes
for the methyl and ethyl forms of docosahexaenoic acid (DHA).

5. Add a new section titled Trace Metals based on a similar chapter
in the European Pharmacopoeia..

6. Add a new section titled Sterol Composition based on the assay
validation. The GC procedure in this test is based on analyses
performed using the Supelco SPB-5 brand of G27 column. This
validated assay was initially introduced into the Almond Oil
monograph and is applicable to many oils.

Some additional changes are editorial.
Interested parties are encouraged to submit comments to Hong

Wang, Ph.D., Scientist and liaison to the Excipient General Chapter
and Excipient Monographs 2 Expert Committees (301-816-8351 or
hw@usp.org).

(DSN: L. Evans; EM2, EGC: H. Wang) RTS—C58995; C60337

Change to read:

ESTER VALUE

The Ester Value is the number of mg of potassium hydroxide re-
quired to saponify the esters in 1.0 g of the substance. If the Sapon-
ification Value and the Acid Value have been determined, the
difference between these two represents the Ester Value, .

& i . e . , Es te r Value = Saponifica t ion Value – Acid

Value.&1S (USP32)

Procedure—Place 1.5 g to 2 g of the substance,

&accurately weighed,&1S (USP32)

in a tared, 250-mL flask, weigh accurately,

&

&1S (USP32)

add 20 mL to 30 mL of neutralized alcohol, and shake. Add 1 mL of
phenolphthalein TS, and titrate with 0.5N alcoholic potassium hy-
droxide VS until the free acid is neutralized. Add 25.0 mL of 0.5N
alcoholic potassium hydroxide VS, and proceed as directed under Sa-
ponification Value, beginning with ‘‘Heat the flask’’ and omitting the
further addition of phenolphthalein TS. The difference between the
volumes, in mL, of 0.5N hydrochloric acid consumed in the actual
test and in the blank test, multiplied by 28.05 and divided by the
weight in g of the specimen taken, is the Ester Value.

&Calculate the Ester Value by the formula:

[56.11(VT – VB)N] /W

in which 56.11 is the molecular weight of potassium hydrox-

ide; VT and VB are the volumes, in mL, of 0.5N hydrochloric

acid consumed in the actual test and in the blank test, respec-

tively; N is the exact normality of the hydrochloric acid; andW

is the weight, in g, of the substance taken for the test.&1S (USP32)

Change to read:

HYDROXYL VALUE

The Hydroxyl Value is the number of mg of potassium hydroxide
equivalent to the hydroxyl content of 1.0 g of the substance.

Pyridine–Acetic Anhydride Reagent—Just before use, mix 3
volumes of freshly opened or freshly distilled pyridine with 1 volume
of freshly opened or freshly distilled acetic anhydride.

Procedure—Transfer a quantity of the substance, determined by
reference to the accompanying table and accurately weighed, to a
glass-stoppered, 250-mL conical flask, and add 5.0 mL of Pyri-
dine–Acetic Anhydride Reagent. Transfer 5.0 mL of Pyridine–Acetic
Anhydride Reagent to a second glass-stoppered, 250-mL conical flask
to provide the reagent blank. Fit both flasks with suitable glass-joint-
ed reflux condensers, heat on a steam bath for 1 hour, add 10 mL of
water through each condenser, and heat on the steam bath for 10 min-
utes more. Cool, and to each add 25 mL of butyl alcohol, previously
neutralized to phenolphthalein TS with 0.5N alcoholic potassium hy-
droxide, by pouring 15 mL through each condenser and, after remov-
ing the condensers, washing the sides of both flasks with the
remaining 10-mL portions. To each flask add 1 mL of phenolphtha-
lein TS, and titrate with 0.5N alcoholic potassium hydroxide VS, re-
cording the volume, in mL, consumed by the residual acid in the test
solution as T and that consumed by the blank as B. In a 125-mL con-
ical flask, mix about 10 g of the substance, accurately weighed, with
10 mL of freshly distilled pyridine, previously neutralized to phenol-
phthalein TS, add 1 mL of phenolphthalein TS, and titrate with 0.5N
alcoholic potassium hydroxide VS, recording the volume, in mL,
consumed by the free acid in the test specimen as A. , or use the Acid
Value to obtain A

&

&1S (USP32)

Calculate the Hydroxyl Value by the formula:

(56.11N /W)[B + (WA /C) – T]

in whichW and C are the weights, in g, of the substances taken for the
acetylation and for the free acid determination, respectively; N is the
exact normality of the alcoholic potassium hydroxide; and 56.11 is
the molecular weight of potassium hydroxide.
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&If the Acid Value for the test substance is known, calculate

the Hydroxyl Value by the formula:

(56.11N /W)[B – T] + Acid Value

in which W is the weight, in g, of the substance taken for the

acetylation; N is the exact normality of the alcoholic potassium

hydroxide; and 56.11 is the molecular weight of potassium hy-

droxide.&1S (USP32)

Hydroxyl Value Range Weight of Test Specimen, g

0 to 20 10
20 to 50 5
50 to 100 3
100 to 150 2
150 to 200 1.5
200 to 250 1.25
250 to 300 1.0
300 to 350 0.75

Change to read:

IODINE VALUE

The Iodine Value represents the number of g of iodine absorbed,
under the prescribed conditions, by 100 g of the substance. Unless
otherwise specified in the individual monograph, determine the
Iodine Value by Method I.

Method I (Hanus Method)

Procedure—Transfer an accurately weighed quantity of sample,
as determined from the accompanying table, into a 250-mL iodine
flask, dissolve it in 10 mL of chloroform, add 25.0 mL of iodobro-
mide TS, insert the stopper in the vessel securely, and allow it to stand
for 30 minutes protected from light, with occasional shaking. Then
add, in the order named, 30 mL of potassium iodide TS and 100
mL of water, and titrate the liberated iodine with 0.1N sodium thio-
sulfate VS, shaking thoroughly after each addition of thiosulfate.
When the iodine color becomes quite pale, add 3 mL of starch TS,
and continue the titration with 0.1 N sodium thiosulfate VS until
the blue color is discharged. Perform a blank test at the same time
with the same quantities of the same reagents and in the same manner
(see Residual Titrations h541i). Calculate the Iodine Value from the
formula:

[126.9(VB – VS)N] / 10W

&[126.90(VB – VS)N] / (10W)&1S (USP32)

in which 126.9

&126.90&1S (USP32)

is the atomic weight of iodine; VB and VS are the volumes, in mL, of
0.1N sodium thiosulfate VS consumed by the blank test and the ac-
tual test, respectively; N is the exact normality of the sodium thiosul-
fate VS; and W is the weight, in g, of the substance taken for the test.

[NOTE—If more than half of the iodobromide TS is absorbed by the
portion of the substance taken, repeat the determination, using a
smaller portion of the substance under examination.]

Sample Weights

Iodine value expected Weight in g, +0.001

&0.1&1S (USP32)

55 3.000

&3.0&1S (USP32)

5–20 1.000

&1.0&1S (USP32)

21–50 0.400

&0.4&1S (USP32)

51–100 0.200

&0.2&1S (USP32)

101–150 0.130

&0.13&1S (USP32)

151–200 0.100

&0.1&1S (USP32)

Method II

Potassium Iodide Solution—Dissolve 10.0 g of potassium iodide
in water to make 100 mL. Store in light-resistant containers.

Starch Indicator Solution—Mix 1 g of soluble starch with suffi-
cient cold water to make a thin paste. Add, while stirring, to 100 mL
of boiling water. Mix, and cool. Use only the clear solution.

Procedure—Melt the sample, if it is not already liquid. [NOTE—
The temperature during melting should not exceed the melting point
of the sample by more than 108.] Pass through two pieces of filter
paper to remove any solid impurities and the last traces of moisture.
The filtration may be performed in an air oven at 1008 but should be
completed within 5 minutes + 30 seconds. The sample must be ab-
solutely dry. All glassware must be absolutely clean and completely
dry. After filtration, allow the filtered sample to achieve a temperature
of 688 to 71+18 before weighing the sample. Once the sample has
achieved a temperature of 688 to 71+ 18, immediately weigh the
sample into a 500-mL iodine flask, using the weights and weighing
accuracy noted in the accompanying table. [NOTE—The weight of the
substance must be such that there will be an excess of iodochloride
TS of 50% to 60% of the amount added, that is, 100% to 150% of the
amount absorbed.] Add 15 mL of a fresh mixture of cyclohexane and
glacial acetic acid (1 : 1), and swirl to dissolve the sample. Add 25.0
mL of iodochloride TS, insert the stopper securely in the flask, and
swirl to mix. Allow it to stand at 25+ 58, protected from light, with
occasional shaking, for 1.0 or 2.0 hours, depending on the Iodine Val-
ue (IV) of the sample: IV less than 150, 1.0 hour; IVequal to or great-
er than 150, 2.0 hours. Then, within 3 minutes after the indicated
reaction time, add, in the order named, 20 mL of Potassium Iodide
Solution and 150 mL of recently boiled and cooled water, and mix.
Within 30 minutes, titrate the liberated iodine with 0.1N sodium thi-
osulfate VS, while stirring by mechanical means after each addition
of thiosulfate. When the yellow iodine color has almost disappeared,
add 1 to 2 mL of Starch Indicator Solution, and continue the titration
with 0.1N sodium thiosulfate VS until the blue color is discharged.
Perform a blank test at the same time with the same quantities of the
same reagents and in the same manner (see Residual Titrations
h541i). The difference between the volumes, in mL, of 0.1N sodium
thiosulfate consumed by the blank test and the actual test, multiplied
by 1.269 and divided by the weight, in g, of the sample taken, is the
Iodine Value.

&Calculate the Iodine Value as indicated in Method I.&1S (USP32)
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Change to read:

PEROXIDE VALUE

The Peroxide Value is the number that expresses, in milliequiva-
lents of active oxygen, the quantity of peroxide contained in 1000 g
of the substance. [NOTE—This test must be performed promptly after
sampling to avoid oxidation of the test specimen.]

Procedure—Unless otherwise directed, place about 5 g of the sub-
stance, accurately weighed, in a 250-mL conical flask fitted with a
ground-glass stopper. Add 30 mL of a mixture of glacial acetic acid
and chloroform (3 : 2), shake to dissolve, and add 0.5 mL of saturated
potassium iodide solution. Shake for exactly 1 minute, and add 30 mL
of water. Titrate with 0.01N sodium thiosulfate VS, adding the titrant
slowly with continuous shaking, until the yellow color is almost dis-
charged. Add 5 mL of starch TS, and continue the titration, shaking
vigorously, until the blue color is discharged. Perform a blank deter-
mination under the same conditions. [NOTE—The volume of titrant
used in the blank determination must not exceed 0.1 mL.] The differ-
ence between the volumes, in mL, of 0.01N sodium thiosulfate con-
sumed in the actual test and in the blank test, multiplied by 10 and
divided by the weight, in g, of the specimen taken, is the Peroxide
Value.

&Calculate the Peroxide Value by the formula:

[1000 (VT – VB) N] /W

in which VT and VB are the volumes, in mL, of 0.01N sodium

thiosulfate consumed in the actual test and in the blank test,

respectively; N is the exact normality of the sodium thiosulfate

solution; and W is the weight, in g, of the substance taken for

the test.&1S (USP32)

Change to read:

SAPONIFICATION VALUE

The Saponification Value is the number of mg of potassium hy-
droxide required to neutralize the free acids and saponify the esters
contained in 1.0 g of the substance.

Procedure—Place 1.5 g to 2 g of the substance in a tared, 250-mL
flask, weigh accurately, and add to it 25.0 mL of 0.5N alcoholic po-
tassium hydroxide. Heat the flask on a steam bath, under a suitable
condenser to maintain reflux for 30 minutes, frequently rotating the
contents.

&[NOTE—Reflux time can be up to 90 minutes to ensure com-

plete saponification, depending on the type of ester to be tes-

ted.]&1S (USP32)

Then add 1 mL of phenolphthalein TS, and titrate the excess potas-
sium hydroxide with 0.5 N hydrochloric acid VS. Perform a blank
determination under the same conditions (see Residual Titrations un-
der Titrimetry h541i). The titration also can be carried out potentio-
metrically. The difference between the volumes, in mL, of 0.5 N
hydrochloric acid consumed in the actual test and in the blank test,
multiplied by 56.1 and the exact normality of the 0.5N hydrochloric
acid VS, and divided by the weight in g of specimen taken, is the
Saponification Value.

&Calculate the Saponification Value by the formula:

[56.11(VT – VB)N] /W

in which 56.11 is the molecular weight of potassium hydrox-

ide, VT and VB are the volumes, in mL, of 0.5N hydrochloric

acid consumed in the actual test and in the blank test, respec-

tively; N is the exact normality of the hydrochloric acid; andW

is the weight, in g, of the substance taken for the test.&1S (USP32)

If the oil has been saturated with carbon dioxide for the purpose of
preservation, expose it in a shallow dish in a vacuum desiccator for 24
hours before weighing the test specimens.

Add the following:

&POLYUNSATURATED FATTY ACIDS

DETERMINATION AND PROFILE

The following procedure may be used for the determination

of eicosapentaenoic acid (EPA)(C20 : 5 n-3), docosahexaenoic

acid (DHA) (C22 : 6 n-3) and total omega-3 acids obtained

from fish, plant, or microbial sources in bulk oils and encap-

sulated oil. Protect the solutions from actinic light, oxidizing

agents, oxidation catalysts, and air.

Content of EPA and DHA

USP Reference Standards h11i—USP Docosahexaenoic

Acid Ethyl Ester RS. USP Eicosapentaenoic Acid Ethyl Ester

RS. USP Methyl Tricosanoate RS.

Antioxidant Solution—Dissolve an accurately weighed

quantity of butylated hydroxytoluene in 2,2,4-trimethylpen-

tane to obtain a solution having a concentration of 0.05 mg

per mL.

Internal Standard Solution—Transfer an accurately

weighed quantity of USP Methyl Tricosanoate RS to a volu-

metric flask. Dissolve in Antioxidant Solution, and dilute with
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the same solvent to obtain a solution having a concentration of

about 7.0 mg per mL. [NOTE—Guard the solution against

evaporation during usage.]

Approx. Sum

EPA + DHA

Amount of Sample to be

Weighed

30%–50% 0.4–0.5 g

50%–70% 0.3 g

70%–80% 0.25 g

Test Solution 1 (for triglycerides)—In a 10-mL volumetric

flask, dissolve the mass of sample to be examined, according

to the table above, in Antioxidant Solution, and dilute with the

same solution to volume. Transfer 2.0 mL of this solution to a

glass tube, and evaporate the solvent with a gentle stream of

nitrogen. Add 1.5 mL of a 2% (w/v) solution of sodium hy-

droxide in methanol, cap tightly with a polytetrafluoroethyl-

ene-lined cap, mix, and heat in a boiling water bath for 7

minutes. Cool, add 2 mL of boron trichloride–methanol solu-

tion (120 g in 1000 mL of methanol), cover with nitrogen, cap

tightly, mix, and heat in a boiling water bath for 30 minutes.

Cool to 408 to 508, add 1 mL of 2,2,4-trimethylpentane, cap,

and mix on a vortex mixer or shake vigorously for at least 30

seconds. Immediately add 5 mL of saturated sodium chloride

solution containing 1 volume of sodium chloride and 2 vol-

umes of water. [NOTE—Shake from time to time. Before use,

decant the solution from any undissolved substance, and filter

if necessary.] Cover with nitrogen, cap, and mix on a vortex

mixer or shake thoroughly for at least 15 seconds. Allow the

upper layer to become clear, and transfer to a separate tube.

Shake the methanol layer once more with 1 mL of 2,2,4-tri-

methylpentane, and combine the 2,2,4-trimethylpentane ex-

tracts. Wash the combined extracts with two quantities, 1

mL each of water, and dry over anhydrous sodium sulfate.

Test Solution 2 (for triglycerides)—Transfer the equivalent

amount of sample used to prepare Test Solution 1 to a 10-mL

volumetric flask, and dissolve in and dilute with Internal

Standard Solution to volume. Then proceed as directed in Test

Solution 1 starting with, ‘‘Transfer 2.0 mL’’.

Test Solution 3 (for ethyl esters)—In a 10-mL volumetric

flask, dissolve the mass of sample to be examined, according

to the table above, in the Internal Standard Solution, and di-

lute with the same solution to volume.

Test Solution 4 (for ethyl esters)—Transfer the equivalent

amount of sample used to prepare Test Solution 3 to a 10-mL

volumetric flask, and dissolve in and dilute with Antioxidant

Solution to volume.

Standard Solution 1—Transfer 0.10 g each of USP Doco-

sahexaenoic Acid Ethyl Esters RS and USP Eicosapentaenoic

Acid Ethyl Esters RS, accurately weighed, to a 10-mL volu-

metric flask, and dissolve in and dilute with Internal Standard

Solution to volume.

Standard Solution 2—Transfer 2.0 mL of Standard Solu-

tion 1 to a glass tube, and evaporate the solvent with a gentle

stream of nitrogen. Then proceed as directed for Test Solution

1 starting with, ‘‘Add 1.5 mL’’.

System Suitability Solution 1—Transfer 0.30 g of methyl

palmitate, 0.30 g of methyl stearate, 0.30 g of methyl arachi-

date, and 0.30 g of methyl behenate, accurately weighed, to

a 10-mL volumetric flask, and dissolve in and dilute with An-

tioxidant Solution to volume.

System Suitability Solution 2—Transfer 55.0 mg of doco-

sahexaenoic acid methyl ester and about 5.0 mg of tetracos-

15-enoic acid (nervonic acid) methyl ester, accurately

weighed, to a 10-mL volumetric flask, and dissolve in and di-

lute with Antioxidant Solution to volume.

Chromatographic System (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 0.25-mm6 25-m fused silica capillary column

coated with a 0.2-mm film of G16. The temperature of the de-

tector is maintained at 2708 and that of the injection port at
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2508. The column temperature is initially set at 1708 for 2 min-

utes, then increased at a rate of 38 per minute to 2408, and is

maintained at this temperature for 2.5 minutes. The carrier gas

is helium with a split flow ratio of 1 : 200 and a flow rate of

about 1 mL per minute. [NOTE—If splitless injection mode

is used, solutions should be further diluted 1 in 200.] Chromat-

ograph System Suitability Solution 1 and System Suitability

Solution 2, and record the peak responses as directed for Pro-

cedure: using System Suitability Solution 1, the area percent

increases in the following order; methyl palmitate, methyl ste-

arate, methyl arachidate, methyl behenate; the difference be-

tween the percent area of methyl palmitate and that of

methyl behenate is less than 2.0 area percent units; using Sys-

tem Suitability Solution 2, the resolution, R, between docosa-

hexaenoic acid methyl ester and tetracos-15-enoic acid methyl

ester is not less than 1.2. [NOTE—In addition to the above sys-

tem suitability requirements, the following is required for the

analysis of triglycerides but not for ethyl esters.] For triglycer-

ides, chromatograph Standard Solution 1 and Standard Solu-

tion 2, and record the peak responses as directed for

Procedure: the derivatization efficiency for the conversion

of fatty acid ethyl ester to the fatty acid methyl ester is not less

than 90.0% for each (DHA and EPA).

Procedure—Separately inject duplicate equal volumes

(about 1 mL) of Standard Solution 1, Standard Solution 2, Test

Solution 1 (for triglycerides), Test Solution 2 (for triglycer-

ides), Test Solution 3 (for ethyl esters) and Test Solution 4

(for ethyl esters) into the chromatograph, record the chromat-

ograms, and measure the peak responses. Identify the retention

time for the internal standard peak by comparing the chromat-

ograms for Test Solution 1 and Test Solution 2 (for triglycer-

ides) and by comparing the chromatograms for Test Solution 3

and Test Solution 4 (for ethyl esters). Calculate the percentage

of EPA or DHA in the triglyceride taken by the formula:

100F(C /W)(RU /RS)

in which F is the factor to express the content of DHA (F =

0.921) and of EPA (F = 0.915) as free fatty acids; C is the

concentration, in mg per mL, of either DHA or EPA in Stan-

dard Solution 2; W is the weight, in mg, of the sample taken to

prepare Test Solution 1; RS is the ratio of peak responses of

either EPA or DHA relative to the internal standard in the

chromatogram of Standard Solution 2; and RU is the corrected

peak response of either EPA or DHA relative to the internal

standard in the chromatogram of Test Solution 1 calculated

as follows:

in which rU2 is the peak response of any peak at the locus of the

internal standard in the chromatogram of Test Solution 2; rU1 is

the peak response of any peak at the locus of the internal stan-

dard in the chromatogram of Test Solution 1; rT1 is the peak

response of EPA or DHA in the chromatogram of Test Solution

1; and rT2 is the peak response of EPA or DHA in the chromat-

ogram of Test Solution 2. Calculate the percentage of EPA or

DHA in the ethyl ester taken by the formula:

100F(C /W)(RU /RS)

in which F is the factor to express the content of DHA (F =

0.921) and of EPA (F = 0.915) as free fatty acids; C is the

concentration, in mg per mL, of either DHA or EPA in Stan-

dard Solution 1; W is the weight, in mg, of the sample taken to

prepare Test Solution 3; RS is the ratio of peak responses of

either EPA or DHA relative to the internal standard in the

chromatogram of Standard Solution 1; and RU is the corrected

peak response of either EPA or DHA relative to the internal

standard in the chromatogram of Test Solution 3 calculated

as follows:
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in which rU2 is the peak response of any peak at the locus of the

internal standard in the chromatogram of Test Solution 3; rU1 is

the peak response of any peak at the locus of the internal stan-

dard in the chromatogram of Test Solution 4; rT1 is the peak

response of EPA or DHA in the chromatogram of Test Solution

4; and rT2 is the peak response of EPA or DHA in the chromat-

ogram of Test Solution 3.

Content of Total Omega-3 Acids

Calculate the content of the total omega-3 acids by the for-

mula:

in which EPA is the content of EPA, in mg per g, obtained from

the test for Content for EPA and DHA; DHA is the content of

DHA in mg per g, obtained from test for Content for EPA and

DHA; An–3 is the sum of the areas of the peaks corresponding to

C18 : 3 n-3, C18 : 4 n-3, C20 : 4 n-3, C21 : 5 n-3, and C22 : 5 n-

3 methyl esters in the chromatogram obtained with Test Solu-

tion 1 for triglycerides or the corresponding ethyl esters in the

chromatogram obtained with Test Solution 3; AEPA is the area of

the peak corresponding to the EPA methyl ester in the chro-

matogram obtained with Test Solution 1 for triglycerides or

the peak corresponding to the EPA ethyl ester in the chromat-

ogram obtained with Test Solution 3 for ethyl esters and ADHA is

the area of the peak corresponding to the DHA methyl ester in

the chromatogram obtained with Test Solution 1 for triglycer-

ides or the peak corresponding to the DHA ethyl ester in the

chromatogram obtained with Test Solution 3.&1S (USP32)

Add the following:

&TRACE METALS

Apparatus

The apparatus typically consists of the following:

Digestion Flasks—Use a polytetrafluoroethylene flask with

a volume of about 120 mL, fitted with an airtight closure, a

valve to adjust the pressure inside the container, and a polytet-

rafluoroethylene tube to allow the release of gas.

System—Make the flask airtight, using the same torsional

force for each of them.

Microwave Oven—It has a magnetron frequency of

2450MHz, with a selectable output from 0 to 630+ 70 W

in 1% increments, a programmable digital computer, a polytet-

rafluoroethylene-coated microwave cavity with a variable

speed exhaust fan, a rotating turntable drive system, and ex-

haust tubing to vent fumes.

Atomic Absorption Spectrometer—It is equipped with a

hollow-cathode lamp as the source of radiation and a deuteri-

um lamp as a background corrector; the system is fitted with

the following:

1. A graphite furnace as the atomization device for cadmi-

um, copper, iron, lead, nickel, and zinc.

2. An automated continuous-flow hydride vapor generation

system for arsenic and mercury.

General Procedure

Caution—When using closed high-pressure digestion ves-

sels and microwave laboratory equipment, the safety precau-

tions and operating instructions given by the manufacturer

must be followed.
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[NOTE—If an alternative apparatus is used, adjustment of

the instrument parameters may be necessary.]

Cleaning—Clean all the glassware and laboratory equip-

ment with a 10 mg per mL solution of nitric acid before use.

Trace Metal-Free Nitric Acid—Nitric acid meets the re-

quirements with the maximum values for Arsenic (As), Ca-

dium (Cd), Copper (Cu), Iron (Fe), Mercury (Hg), Lead

(Pb), Nickel (Ni), and Zinc (Zn) equal to 0.005 ppm, 0.005

ppm, 0.001 ppm, 0.02 ppm, 0.002 ppm, 0.001 ppm, 0.005

ppm, and 0.01 ppm, respectively.

Trace Metal-Free Hydrochloric Acid—Hydrochloric acid

meets the requirements with the maximum values for As, Cd,

Cu, Fe, Hg, Pb, Ni, and Zn equal to 0.005 ppm, 0.003 ppm,

0.003 ppm, 0.05 ppm, 0.005 ppm, 0.001 ppm, 0.004 ppm, and

0.005 ppm, respectively.

Trace Metal-Free Sulfuric Acid—Sulfuric acid meets the

requirements with the maximum values for As, Cd, Cu, Fe,

Hg, Pb, Ni, and Zn equal to 0.005 ppm, 0.002 ppm, 0.001

ppm, 0.05 ppm, 0.005 ppm, 0.001 ppm, 0.002 ppm, and

0.005 ppm, respectively.

Test Stock Solution—In a digestion flask place about 0.5 g

of fatty oil, accurately weighed, as indicated in each individual

monograph. Add 6 mL of Trace Metal-Free Nitric Acid and 4

mL of Trace Metal-Free Hydrochloric Acid. Close the flask.

Blank Stock Solution—Mix 6 mL of Trace Metal-Free Ni-

tric Acid and 4 mL of Trace Metal-Free Hydrochloric Acid in

a digestion flask.

Test Solution 1—Place the digestion flask containing the

Test Stock Solution in the microwave oven. Carry out the di-

gestion in three steps according to the following program:

80% power for 15 minutes, 100% power for 5 minutes, and

80% power for 20 minutes.

At the end of the cycle allow the flask to cool. Add 4 mL of

Trace Metal-Free Sulfuric Acid to the flask. Repeat the diges-

tion program. After completing the digestion, allow the flask

to cool to room temperature. Open the digestion flask, and

transfer the clear, colorless solution obtained into a 50-mL vol-

umetric flask. Rinse the digestion flask with 2 quantities, 15

mL each, of water, and collect the rinsings in the volumetric

flask. Add 1.0 mL of a 10 mg per mL solution of magnesium

nitrate and 1.0 mL of a 100 mg per mL solution of ammonium

dihydrogen phosphate to the volumetric flask. Dilute with wa-

ter to volume, and mix. This solution is the Test Solution 1.

Blank Solution 1—Place the digestion flask containing

Blank Stock Solution in the microwave oven. Proceed as di-

rected under Test Solution 1 beginning with ‘‘Carry out the di-

gestion in three steps according to the following program’’.

Direct Calibration—[NOTE—Concentrations of the stan-

dard solutions will depend on the metal contents of the test

substance.] For routine measurements, three standard solu-

tions, the Blank Solution 1, and Test Solution 1 are prepared

and examined.

Use Test Solution 1 and the Blank Solution 1 as prepared

above or as indicated in the monograph. Prepare not fewer

than three standard solutions containing all the metal elements

to be tested. The expected absorbance value in Test Solution 1

for each metal element should be within its corresponding cal-

ibrated absorbance range, preferably in the middle of the cal-

ibrated absorbance range. Any reagents used in the

preparation of Test Solution 1 are added at the same concen-

tration to the standard solutions.

Introduce each of the solutions into the instrument using the

same number of replicates for each of the solutions to obtain a

steady reading.

Prepare a calibration curve from the mean of the readings

obtained with the standard solutions by plotting the means

as a function of concentration. Determine the concentration

of the element in Test Solution 1 from the curve obtained.

Standard Additions—Add to at least four identical volu-

metric flasks equal volumes of Test Solution 1, as prepared

above or as indicated in the monograph. Add to all but one

of the flasks progressively larger volumes of a standard solu-

tion containing a known concentration of the test element to

produce a series of solutions containing steadily increasing

concentrations of that element known to give responses in
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the linear part of the curve. Dilute the contents of each flask

with the solvent specified in the monograph to volume, and

mix. The flask without an addition of standard solution is la-

beled as the test solution.

Introduce each of the solutions into the instrument, using the

same number of replicates for each of the solutions, to obtain a

steady reading.

Plot the absorbances of the standard solutions and the test

solution versus the added quantity of test element [NOTE—

The test solution should be plotted as if it had a content of add-

ed test element equivalent to 0 mg or mg.] Extrapolate the line

joining the points on the graph until it meets the concentration

axis. The distance between this point and the intersection of

the axes represents the concentration of test element in the test

solution.

Specific Tests

CADMIUM (Cd), COPPER (Cu), IRON (Fe), LEAD (Pb), NICKEL (Ni),

AND ZINC (Zn)

Standard Stock Solution—Prepare a solution containing

known concentrations of 5 mg per mL for each test element.

Standard Solutions—In three identical 10-mL volumetric

flasks, introduce 10 mL, 20 mL, and 40 mL of Standard Stock

Solution, respectively. To each flask, add 0.1 mL of the 10 mg

per mL solution of magnesium nitrate and 0.1 mL of the 100

mg per mL solution of ammonium dihydrogen phosphate, 0.6

mL of Trace Metal-Free Nitric Acid, 0.4 mL of Trace Metal-

Free Hydrochloric Acid, and 0.4 mL of Trace Metal-Free Sul-

furic Acid, and mix. To each flask, add 5.0 mL of Test Solution

1, dilute with water to volume, and mix.

Test Solution 2—In a 10-mL volumetric flask, add 0.1 mL

of the 10 mg per mL solution of magnesium nitrate and 0.1 mL

of the 100 mg per mL solution of ammonium dihydrogen

phosphate, 0.6 mL of Trace Metal-Free Nitric Acid, 0.4 mL

of Trace Metal-Free Hydrochloric Acid, and 0.4 mL of Trace

Metal-Free Sulfuric Acid, and mix. To the flask add 5.0 mL of

Test Solution 1, dilute with water to volume, and mix.

Blank Solution 2—In a 10 mL volumetric flask, add 0.1

mL of the 10 mg per mL solution of magnesium nitrate and

0.1 mL of the 100 mg per mL solution of ammonium dihydro-

gen phosphate, 0.6 mL of Trace Metal-Free Nitric Acid, 0.4

mL of Trace Metal-Free Hydrochloric Acid, and 0.4 mL of

Trace Metal-Free Sulfuric Acid, and mix. To the flask add

5.0 mL of Blank Solution 1, dilute with water to volume,

and mix.

Procedure—Measure the content of Cd, Cu, Fe, Pb, Ni, and

Zn using a suitable graphite furnace atomic absorption spec-

trophotometer. Concomitantly determine the absorbances of

Blank Solution 2, the Standard Solutions, and Test Solution

2 at least three times each. The absorbance value of the Blank

Solution 2 is substracted from the value obtained using the

Standard Solutions and Test Solution 2. Proceed as directed

in the Standard Additions method. See Table 1 for instrumen-

tal parameters that may be used.

Table 1

Cd Cu Fe Pb Ni Zn

Wavelength (nm) 228.8 324.8 248.3 283.5 232 213.9

Slit (nm) 0.5 0.5 0.2 0.5 0.2 0.5

Lamp current (mA) 6 7 5 5 10 7

Ignition temperature (8) 800 800 800 800 800 800

Atomization temperature (8) 1800 2300 2300 2200 2500 2000
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Table 1 (Continued)

Cd Cu Fe Pb Ni Zn

Background corrector on off off off off off

Nitrogen flow (L per minute) 3 3 3 3 3 3

ARSENIC AND MERCURY

Measure the content of arsenic and mercury against their

standard solutions of arsenic or mercury at a known concen-

tration using the Direct Calibrationmethod with an automated

continuous-flow hydride vapor generation system.

For 1 ppm arsenic specification limit and 1 ppm mercury

specification limit, prepare three working calibration solutions

having known concentrations of 5 ng per mL, 10 ng per mL,

and 20 ng per mL for each test element, respectively.

The absorbance value of the blank solution is automatically

substracted from the value obtained using the test solution.

Arsenic—

Blank Solution 3—Add 1.0 mL of a 200 mg per mL solution

of potassium iodide to 19.0 mL of Blank Solution 1 prepared

above. Allow this solution to stand at room temperature for

about 50 minutes or at 708 for about 4 minutes.

Test Solution 3—Add 1.0 mL of a 200 mg per mL solution

of potassium iodide to 19.0 mL of Test Solution 1 prepared

above. Allow this solution to stand at room temperature for

about 50 minutes or at 708 for about 4 minutes.

Acid Reagent 1: Trace Metal-Free Hydrochloric Acid.

Reducing Reagent 1: a 6 mg per mL solution of sodium

tetrahydroborate in 5 mg per mL solution of sodium hydrox-

ide.

The instrumental parameters in Table 2 may be used.

Mercury—

Blank Solution 4—Proceed as directed for Blank Solution 3.

Test Solution 4—Proceed as directed for Test Solution 3.

Acid Reagent 2: a 515 mg per mL solution of Trace Metal-

Free Hydrochloric Acid.

Reducing Reagent 2: a 10 mg per mL solution of stannous

chloride in a 200 mg per mL solution of Trace Metal-Free Hy-

drochloric Acid.

The instrumental parameters in Table 2 may be used.
&1S (USP32)

Table 2

As Hg

Wavelength (nm) 193.7 253.7

Slit width (nm) 0.2 0.5

Lamp current (mA) 10 4

Acid reagent flow rate (mL per minute) 1.0 1.0

Reducing reagent flow rate (mL per minute) 1.0 1.0

Flow rate for the blank, standard, test solutions (mL per minute) 7.0 7.0

Absorption cell Quartz (heated) Quartz (unheated)

Background corrector off off

Nitrogen flow rate (L per minute) 0.1 0.1
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Add the following:

&STEROL COMPOSITION

Separation of the Sterol Fraction

Reference Solution A—Dissolve an accurately weighed

quantity of cholesterol in chloroform to obtain a solution of

5% (w/v).

Developing Solvent System: a mixture of toluene and ac-

etone (95 : 5) or a mixture of hexane and ether (65 : 35).

Test Solution A—Weigh accurately 5 g of the test substance

into a 250-mL flask. Add 50 mL of 2N alcoholic potassium

hydroxide, and heat to gentle boiling with continuous vigor-

ous stirring until saponification takes place (the solution be-

comes clear). Continue heating for a further 20 minutes, and

add 50 mL of water from the top of the condenser. Cool the

flask to approximately 308. Transfer the contents of the flask

to a 500-mL separating funnel with several rinses of water,

amounting in all to about 50 mL. Add approximately 80 mL

of ether, shake vigorously for approximately 30 seconds, and

allow to settle. [NOTE—Any emulsion can be destroyed by

adding small quantities of ethyl or methyl alcohol by means

of a spray.] Separate the lower aqueous phase, and collect it

into a second separating funnel. Perform two further extrac-

tions on the water–alcohol phase in the same way using 60

to 70 mL of ether on each occasion. Pool the ether extracts into

a single separating funnel, and wash with water, 50 mL at a

time, until the wash water is no longer alkaline to phenol-

phthalein. Dry the ether phase with anhydrous sodium sulfate,

and filter on anhydrous sodium sulfate into a previously

weighed 250-mL flask, washing the funnel and filter with

small quantities of ether. Distill the ether down to a few mL,

and bring to dryness under a slight vacuum or in a stream of

nitrogen. Complete the drying at 1008 for approximately 15

minutes, and then weigh after cooling in a desiccator. Dissolve

the unsaponifiables so obtained in chloroform to obtain a so-

lution having a concentration of approximately 5%.

Test Solution B—Treat 5 g of canola oil in the same way as

prescribed for the test substance in Test Solution A, beginning

with ‘‘Add 50 mL of 2N alcoholic potassium hydroxide’’.

Test Solution C—Treat 5 g of sunflower oil in the same way

as prescribed for the test substance in Test Solution A, begin-

ning with ‘‘Add 50 mL of 2N alcoholic potassium hydrox-

ide’’.

Procedure—Immerse the thin-layer chromatographic plate

(see Chromatography h621i), 20-cm 6 20-cm silica gel on

polyester with a layer thickness of 200 mm and particle size

of 5–17 mm, completely in the 0.2N alcoholic potassium hy-

droxide for 10 seconds, then allow to dry in a fume cupboard

for 2 hours, and finally place at 1008 for 1 hour. [NOTE—Re-

move from the validated heating device, and keep the plate in a

desiccator until required for use. The plates must be used with-

in 15 days. Thin-layer chromatographic plates without requir-

ing the preconditioning are also commercially available.] Use

a separate plate for each test solution.

Place a mixture of toluene and acetone (95 : 5) or a mixture

of hexane and ether (65 : 35) in the chamber to a depth of ap-

proximately 1 cm. Close the chamber with the appropriate

cover, and leave for at least 30 minutes. Strips of filter paper

dipping into the eluent may be placed on the internal surfaces

of the chamber. [NOTE—The developing mixture should be re-

placed for every test to ensure reproducible elution condi-

tions.] Apply 0.3 mL of Test Solution A approximately 2 cm

from the lower edge in a streak which is as thin and as uniform

as possible. In line with the streak, place 2 to 3 mL of Reference

Solution A at one end of the plate. Develop the chromatograms

in an equilibrated chamber with the Developing Solvent Sys-

tem until the solvent front reaches approximately 1 cm from

the upper edge of the plate. Remove the plate from the devel-

oping chamber, and evaporate the solvent under a current of

hot air [NOTE—Avoid excessive heat.] or by leaving the plate

for a short while under a hood. Spray the plate with a 0.2%

alcoholic solution of 2,7-dichlorofluorescein, and examine in

UV light at 254 nm. [NOTE—The plates pretreated with UV
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indicator are also commercially available and used equivalent-

ly.] In each of the plates, mark the limits of the sterol band

identified through being aligned with the stain obtained from

Reference Solution A along the edges of the fluorescence, and

additionally include the area of the zones 2 to 3 mm above and

below the visible zones corresponding to Reference Solution

A. Remove the silica gel in the marked area into a filter funnel

with a G3 porous septum. Add 10 mL of hot chloroform, mix

carefully with the metal spatula, filter under vacuum, and col-

lect the filtrate in the conical flask attached to the filter funnel.

Wash the residue in the funnel three times with ether, about 10

mL each time, and collect the filtrate in the same flask attached

to the funnel. Evaporate the filtrate to a volume of 4 to 5 mL,

transfer the residual solution to a previously weighed 10-mL

test tube with a tapering bottom and a sealing stopper, and e-

vaporate to dryness by mild heating in a gentle stream of ni-

trogen. Dissolve the residue in a few drops of acetone, and

evaporate again to dryness. Place at 1058 for approximately

10 minutes, and allow to cool in a desiccator, and weigh.

Treat Test Solution B and Test Solution C the same way as

directed for Test Solution A.

Determination of the Sterols

Test Solution D—To the test tube containing the sterol frac-

tion separated from the test substance by thin-layer chromat-

ography add a freshly prepared mixture of anhydrous pyridine,

hexamethyldisilazane, and chlorotrimethylsilane (9 : 3 : 1)

[NOTE—This reagent is also commercially available and used

equivalently.] in the ratio of 50 mL for every mg of sterols,

avoiding any uptake of moisture. Insert the stopper into the

test tube, and shake carefully until the sterols are completely

dissolved. Allow it to stand for at least 15 minutes at ambient

temperature, and centrifuge for a few minutes if necessary.

Use the supernatant. [NOTE—The slight opalescence which

may form is normal and does not cause an anomaly. However,

the formation of a white floc or the appearance of a pink color

is indicative of the presence of moisture or deterioration of the

reagent. If these occur, the test must be repeated.]

Reference Solution E—To 9 parts of the sterols separated

from canola oil by thin-layer chromatography add 1 part of

cholesterol. Treat the mixture in the same way as directed

for Test Solution D.

Reference Solution F—Treat the sterols separated from

sunflower oil by thin-layer chromatography in the same way

as directed for Test Solution D.

Chromatographic System (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a glass or fused-silica capillary column of length

20 to 30 m, internal diameter 0.25 to 0.32 mm, entirely coated

with a 0.10- to 0.30-mm layer of stationary phase G27 or G36.

The injection port temperature is maintained at 2808, the de-

tector temperature is maintained at 2908, and the column tem-

perature is maintained at 260+ 58. The carrier gas is either

helium with a linear velocity of 20 to 35 cm per second or hy-

drogen with a linear velocity of 30 to 50 cm per second. A split

ratio of 1 : 50 to 1 : 100 is used. Chromatograph Reference So-

lution E and Reference Solution F, and record the peak respon-

ses as directed for Procedure: the retention time should be

20+ 5 minutes for b-sitosterol, and all the sterols present

must be separated. The chromatogram obtained with Refer-

ence Solution E shows four principal peaks corresponding to

cholesterol, brassicasterol, campesterol, and b-sitosterol; and

the chromatogram obtained with Reference Solution F shows

four principal peaks corresponding to campesterol, stigmaster-

ol, b-sitosterol, and D7-stigmastenol. The retention times of

the sterols with reference to b-sitosterol are given in Table 3.
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Table 3. Relative Retention Times of Sterols
for Two Different Columns

Identification G36 Column G27 Column

Cholesterol 0.67 0.63

Brassicasterol 0.73 0.71

24-Methylene-cholesterol 0.82 0.80

Campesterol 0.83 0.81

Campestanol 0.85 0.82

Stigmasterol 0.88 0.87

D7-Campesterol 0.93 0.92

D5,23-Stigmastadienol 0.95 0.95

Clerosterol 0.96 0.96

b-Sitosterol 1.00 1.00

Sitostanol 1.02 1.02

D5-Avenasterol 1.03 1.03

D5,24-Stigmastadienol 1.08 1.08

D7-Stigmastenol 1.12 1.12

D7-Avenasterol 1.16 1.16

Procedure—Separately inject equal volumes (about 1 mL)

of Test Solution D, Reference Solution E, and Reference Solu-

tion F into the chromatograph, record the chromatograms, and

measure the peak areas for the sterols. Calculate the percent-

age of each individual sterol in the sterol fraction of the test

substance taken by the formula:

100(A / S)

in which A is the area of the peak due to the sterol component

to be determined, and S is the sum of the areas of the peaks due

to the components indicated in Table 3.&1S (USP32)

BRIEFING

h467i Organic Volatile Impurities, USP 31 page 158; h467i
Residual Solvents, USP 31 page 170. On the basis of comments re-
ceived, the following changes are being proposed:
(1) A Note was added to all of the procedures, indicating that the

temperature of the transfer line should be increased between
runs to avoid the condensation of solvents.

(2) The reference to Figure 1 was moved from its original place un-
der Class 3 Residual Solvents to Class 1 and Class 2 Residual
Solvents.

(3) Table 5 was modified to include other types of headspace injec-
tion modes, such as the syringe injection and the balanced-pres-
sure loop.

(4) The definition of C in the formula as directed for Procedure C
was changed to Standard Stock Solution.

(GC: H. Pappa) RTS—C63049; C58224; C63250

h467i ORGANIC VOLATILE
IMPURITIES

(Current title—not to change until July 1, 2008)
Chapter title change—to become official July 1, 2008
See h467 iResidual Solvents

Change to read:

IDENTIFICATION, CONTROL, AND
QUANTIFICATION OF RESIDUAL SOLVENTS

Whenever possible, the substance under test needs to be dissolved
to release the residual solvent. Because the USP deals with drug prod-
ucts, as well as active ingredients and excipients, it may be acceptable
that in cases some of the components of the formulation will not dis-
solve completely. In those cases, the drug product may first need to be
pulverized into a fine powder so that any residual solvent that may be
present can be released. This operation should be as fast as possible to
prevent the loss of volatile solvents during the procedure.

NOTE—The organic-free water specified in the following proce-
dures produces no significantly interfering peaks when chromato-
graphed.

Class 1 and Class 2 Residual Solvents

The following procedures are useful to identify and quantify resid-
ual solvents when the information regarding which solvents are likely
to be present in the material is not available. When the information
about the presence of specific residual solvents is available, only
Procedure C is needed to quantify the amount of residual solvents
present.

&A flow diagram for the application of the residual solvent

limit tests is shown in Figure 1.&1S (USP32)
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WATER-SOLUBLE ARTICLES

Procedure A—

Class 1 Standard Stock Solution—Transfer 1.0 mL of USP Class 1
Residual Solvents Mixture RS to a 100-mL volumetric flask, add 9
mL of dimethyl sulfoxide, dilute with water to volume, and mix.
Transfer 1.0 mL of this solution to a 100-mL volumetric flask, dilute
with water to volume, and mix. Transfer 1.0 mL of this solution to a
10-mL volumetric flask, dilute with water to volume, and mix.

Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard
Stock Solution to an appropriate headspace vial, add 5.0 mL of water,
apply the stopper, cap, and mix.

Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Resid-
ual Solvents Class 2—Mixture A RS to a 100-mL volumetric flask,
dilute with water to volume, and mix. This is Class 2 Standard Stock
Solution A. Transfer 1.0 mL of USP Residual Solvents Class 2—Mix-
ture B RS to a 100-mL volumetric flask, dilute with water to volume,
and mix. This is Class 2 Standard Stock Solution B.

Class 2Mixture A Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution A to an appropriate headspace vial, add 5.0
mL of water, apply the stopper, cap, and mix.

Class 2Mixture B Standard Solution—Transfer 5.0 mL of Class 2
Standard Stock Solution B to an appropriate headspace vial, add 1.0
mL of water, apply the stopper, cap, and mix.

Test Stock Solution—Transfer about 250 mg of the article under
test, accurately weighed, to a 25-mL volumetric flask, dissolve in
and dilute with water to volume, and mix.

Test Solution—Transfer 5.0 mL of Test Stock Solution to an appro-
priate headspace vial, add 1.0 mL of water, apply the stopper, cap,
and mix.

Class 1 System Suitability Solution—Transfer 1.0 mL of Class 1
Standard Stock Solution to an appropriate headspace vial, add 5.0 mL
of Test Stock Solution, apply the stopper, cap, and mix.

Chromatographic System (see Chromatography h621i)—The gas
chromatograph is equipped with a flame-ionization detector, a
0.32-mm 6 30-m fused-silica column coated with a 1.8-mm layer

of phase G43 or a 0.53-mm 6 30-m wide-bore column coated with
a 3.0-mm layer of phase G43. The carrier gas is nitrogen or helium
with a linear velocity of about 35 cm per second, and a split ratio
of 1 : 5. [NOTE—Split ratio can be modified in order to optimize sen-
sitivity.] The column temperature is maintained at 408 for 20 minutes,
then raised at a rate of 108 per minute to 2408, and maintained at 2408
for 20 minutes. The injection port and detector temperatures are main-
tained at 1408 and 2508, respectively. Chromatograph the Class 1
Standard Solution, Class 1 System Suitability Solution, and Class
2Mixture A Standard Solution, and record the peak responses as di-
rected for Procedure: the signal-to-noise ratio of 1,1,1-trichloroeth-
ane in the Class 1 Standard Solution is not less than 5; the signal-
to-noise ratio of each peak in the Class 1 System Suitability Solution
is not less than 3; and the resolution, R, between acetonitrile and
methylene chloride in the Class 2Mixture A Standard Solution is
not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents.]&1S (USP32)

Separately inject (following one of the headspace operating parame-
ter sets described in the table below) equal volumes of headspace
(about 1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A
Standard Solution, Class 2Mixture B Standard Solution, and the Test
Solution into the chromatograph, record the chromatograms, and
measure the responses for the major peaks. If a peak response of
any peak, other than a peak for 1,1,1-trichloroethane, in the Test So-
lution is greater than or equal to a corresponding peak in either the
Class 1 Standard Solution or either of the two Class 2Mixture Stan-
dard Solutions, or a peak response of 1,1,1-trichloroethane is greater
than or equal to 150 times the peak response corresponding to 1,1,1-
trichloroethane in the Class 1 Standard Solution, proceed to Proce-
dure B to verify the identity of the peak; otherwise the article meets
the requirements of this test.

Table 5. Headspace Operating Parameters

Headspace Operating
Parameter Sets

1 2 3

Equilibration temperature (8) 80 105 80
Equilibration time (min.) 60 45 45
Transfer-line temperature (8)

&(if appropriate)&1S (USP32)

85 110 105

&Syringe temperature (8) (if appropriate)&1S (USP32)
&80–85&1S (USP32)

&80–85&1S (USP32)
&80–85&1S (USP32)

Carrier gas: nitrogen or helium at an appropriate pressure
Pressurization time (s) 30

&�60&1S (USP32)

30

&�60&1S (USP32)

30

&�60&1S (USP32)

Injection volume (mL)

&*
&1S (USP32)

1 1 1

&* Or follow the instrument manufacturer’s recommendations, as long as the method criteria are met. Injecting less than this amount is allowed as
long as adequate sensitivity is achieved.&1S (USP32)
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Procedure B—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
2 Standard Stock Solutions, Class 2Mixture A Standard Solution,
Class 2Mixture B Standard Solution, Test Stock Solution, Test Solu-
tion, and Class 1 System Suitability Solution—Prepare as directed for
Procedure A.

Chromatographic System (see Chromatography h621i)—The gas
chromatograph is equipped with a flame-ionization detector, a
0.32-mm 6 30-m fused-silica column coated with a 0.25-mm layer
of phase G16, or a 0.53-mm6 30-m wide-bore column coated with a
0.25-mm layer of phase G16. The carrier gas is nitrogen or helium
with a linear velocity of about 35 cm per second and a split ratio of
1 : 5. [NOTE—Split ratio can be modified in order to optimize sensitiv-
ity.] The column temperature is maintained at 508 for 20 minutes,
then raised at a rate of 68 per minute to 1658, and maintained at
1658 for 20 minutes. The injection port and detector temperatures
are maintained at 1408 and 2508, respectively. Chromatograph the
Class 1 Standard Solution and the Class 1 System Suitability Solu-
tion, and record the peak responses as directed for Procedure: the sig-
nal-to-noise ratio of benzene in the Class 1 Standard Solution is not
less than 5; the signal-to-noise ratio of each peak in the Class 1 Sys-
tem Suitability Solution is not less than 3; and the resolution, R, be-
tween acetonitrile and cis-dichloroethene in the Class 2Mixture A
Standard Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (following one of the headspace operating parame-
ter sets described in Table 5) equal volumes of headspace (about 1.0
mL) of the Class 1 Standard Solution, the Class 2Mixture A Standard
Solution, the Class 2Mixture B Standard Solution, and the Test Solu-
tion into the chromatograph, record the chromatograms, and measure
the responses for the major peaks. If the peak response(s) in the Test
Solution of the peak(s) identified in Procedure A is/are greater than or
equal to a corresponding peak(s) in either the Class 1 Standard Solu-
tion or either of the two Class 2Mixture Standard Solutions, proceed
to Procedure C to quantify the peak(s); otherwise the article meets the
requirements of this test.

Procedure C—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
2 Standard Stock Solution A, Class 2Mixture A Standard Solution,
Test Stock Solution, Test Solution, and Class 1 System Suitability So-
lution—Prepare as directed for Procedure A.

Standard Solution—[NOTE—Prepare a separate Standard Solution
for each peak identified and verified by Procedures A and B. For the
Class 1 solvents other than 1,1,1-trichloroethane, prepare the first di-
lution as directed for the first dilution under Class 1 Standard Stock
Solution in Procedure A.] Transfer an accurately measured volume of
each individual USP Reference Standard corresponding to each resid-
ual solvent peak identified and verified by Procedures A and B to a
suitable container, and dilute quantitatively, and stepwise if neces-
sary, with water to obtain a solution having a final concentration of
1/20 of the value stated in Table 1 or 2 (under Concentration Limit).
Transfer 1.0 mL of this solution to an appropriate headspace vial, add
5.0 mL of water, apply the stopper, cap, and mix.

Spiked Test Solution—[NOTE—Prepare a separate Spiked Test Solu-
tion for each peak identified and verified by Procedures A and B.]
Transfer 5.0 mL of Test Stock Solution to an appropriate headspace
vial, add 1.0 mL of the Standard Solution, apply the stopper, cap, and
mix.

Chromatographic System (see Chromatography h621i)—[NOTE—
If the results of the chromatography from Procedure A are found to be
inferior to those found with Procedure B, the Chromatographic Sys-
tem from Procedure Bmay be substituted.] The gas chromatograph is
equipped with a flame-ionization detector, a 0.32-mm6 30-m fused-
silica column coated with a 1.8-mm layer of phase G43 or a 0.53-mm
6 30-m wide-bore column coated with a 3.0-mm layer of phase G43.
The carrier gas is nitrogen or helium with a linear velocity of about 35
cm per second, and a split ratio of 1 : 5. [NOTE—The split ratio can be
modified in order to optimize sensitivity.] The column temperature is

maintained at 408 for 20 minutes, then raised at a rate of 108 per mi-
nute to 2408, and maintained at 2408 for 20 minutes. The injection
port and detector temperatures are maintained at 1408 and 2508,
respectively. Chromatograph the Class 1 Standard Solution, the Class
1 System Suitability Solution, and the Class 2Mixture A Standard So-
lution, and record the peak responses as directed for Procedure: the
signal-to-noise ratio of 1,1,1-trichloroethane in the Class 1 Standard
Solution is not less than 5; the signal-to-noise ratio of each peak in the
Class 1 System Suitability Solution is not less than 3; and the resolu-
tion, R, between acetonitrile and methylene chloride in the Class
2Mixture A Standard Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (following one of the headspace operating parame-
ters described in Table 5) equal volumes of headspace (about 1.0 mL)
of the Standard Solution, the Test Solution, and the Spiked Test Solu-
tion into the chromatograph, record the chromatograms, and measure
the responses for the major peaks. Calculate the amount, in ppm, of
each residual solvent found in the article under test by the formula:

5(C/W)[rU /(rST – rU)]

in which C is the concentration, in mg per mL, of the appropriate USP
Reference Standard in the Standard
&Stock&1S (USP32)

Solution; W is the weight, in g, of the article under test taken to pre-
pare the Test Stock Solution; and rU and rST are the peak responses of
each residual solvent obtained from the Test Solution and the Spiked
Test Solution, respectively.

WATER-INSOLUBLE ARTICLES

Procedure A—[NOTE—Dimethyl sulfoxide may be substituted as
an alternative solvent to dimethylformamide.]

Class 1 Standard Stock Solution—Transfer 1.0 mL of USP Class 1
Residual Solvents Mixture RS to a 100-mL volumetric flask previ-
ously filled with about 80 mL of dimethylformamide, dilute with di-
methylformamide to volume, and mix. Transfer 1.0 mL of this
solution to a 100-mL volumetric flask, previously filled with about
80 mL of dimethylformamide, dilute with dimethylformamide to vol-
ume, and mix (reserve a portion of this solution for the Class 1 System
Suitability Solution). Transfer 1.0 mL of this solution to a 10-mL vol-
umetric flask, dilute with dimethylformamide to volume, and mix.

Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard
Stock Solution to an appropriate headspace vial, containing 5.0 mL of
water, apply the stopper, cap, and mix.

Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Resid-
ual Solvents Class 2—Mixture A RS to a 100-mL volumetric flask,
previously filled with about 80 mL of dimethylformamide, dilute with
dimethylformamide to volume, and mix. This is Class 2 Standard
Stock Solution A. Transfer 0.5 mL of USP Residual Solvents Class
2—Mixture B RS to a 10-mL volumetric flask, dilute with dimethyl-
formamide to volume, and mix. This is Class 2 Standard Stock Solu-
tion B.

Class 2Mixture A Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution A to an appropriate headspace vial, contain-
ing 5.0 mL of water, apply the stopper, cap, and mix.

Class 2Mixture B Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution B to an appropriate headspace vial, contain-
ing 5.0 mL of water, apply the stopper, cap, and mix.

Test Stock Solution—Transfer about 500 mg of the article under
test, accurately weighed, to a 10-mL volumetric flask, dissolve in
and dilute with dimethylformamide to volume, and mix.

Test Solution—Transfer 1.0 mL of Test Stock Solution to an appro-
priate headspace vial, containing 5.0 mL of water, apply the stopper,
cap, and mix.
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Class 1 System Suitability Solution—Mix 5 mL of Test stock solu-
tion with 0.5 mL of the intermediate dilution reserved from Class 1
Standard Stock Solution. Transfer 1.0 mL of this solution to an appro-
priate headspace vial, containing 5.0 mL of water, apply the stopper,
cap, and mix.

Chromatographic System (see Chromatography h621i—The gas
chromatograph is equipped with a flame-ionization detector, a
0.53-mm 6 30-m wide-bore column coated with a 3.0-mm layer of
phase G43. The carrier gas is helium with a linear velocity of about 35
cm per second, and a split ratio of 1 : 3 [NOTE—Split ratio can be mod-
ified in order to optimize sensitivity.] The column temperature is
maintained at 408 for 20 minutes, then raised at a rate of 108 per mi-
nute to 2408, and maintained at 2408 for 20 minutes. The injection
port and detector temperatures are maintained at 1408 and 2508,
respectively. Chromatograph the Class 1 Standard Solution, Class
1 System Suitability Solution, and Class 2Mixture A Standard Solu-
tion, and record the peak responses as directed for Procedure: the sig-
nal-to-noise ratio of 1,1,1-trichloroethane in the Class 1 Standard
Solution is not less than 5; the signal-to-noise ratio of each peak in
the Class 1 System Suitability Solution is not less than 3; and the re-
solution, R, between acetonitrile and methylene chloride in the Class
2Mixture A Standard Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (use headspace operating parameters in column 3 of
Table 5 with a vial pressure of 10 psi) equal volumes of headspace
(about 1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A
Standard Solution, Class 2Mixture B Standard Solution, and Test So-
lution into the chromatograph, record the chromatograms, and mea-
sure the responses for the major peaks. If a peak response of any peak,
other than a peak for 1,1,1-trichloroethane, in the Test Solution is
greater than or equal to a corresponding peak in either the Class 1
Standard Solution or either of the two Class 2Mixture Standard So-
lutions, or a peak response of 1,1,1-trichloroethane is greater than or
equal to 150 times the peak response corresponding to 1,1,1-trichlo-
roethane in the Class 1 Standard Solution, proceed to Procedure B to
verify the identity of the peak; otherwise the article meets the require-
ments of this test.

Procedure B—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
1 System Suitability Solution, Class 2 Standard Stock Solutions, Class
2Mixture A Standard Solution, and Class 2Mixture B Standard So-
lution, Test Stock Solution, and Test Solution—Proceed as directed for
Procedure A.

Chromatographic System—Proceed as directed for Procedure B
under Water-Soluble Articles with a split ratio of 1 : 3 [NOTE—The
split ratio can be modified in order to optimize sensitivity.]

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (use headspace operating parameters in column 3 of
Table 5 with a vial pressure of 10 psi) equal volumes of headspace
(about 1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A
Standard Solution, Class 2Mixture B Standard Solution, and Test So-
lution, into the chromatograph, record the chromatograms, and mea-
sure the responses for the major peaks. If the peak response(s) in Test
Solution of the peak(s) identified in Procedure A is/are greater than or
equal to a corresponding peak(s) in either the Class 1 Standard Solu-
tion or any of the two Class 2Mixture Standard Solutions, proceed to
Procedure C to quantify the peak(s); otherwise the article meets the
requirements of this test.

Procedure C—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
1 System Suitability Solution, Class 2 Standard Stock Solution A, and
Class 2Mixture A Standard Solution—Proceed as directed for Proce-
dure A.

Standard Stock Solution—[NOTE—Prepare a separate Standard So-
lution for each peak identified and verified by Procedures A and B.]
Transfer an accurately measured volume of each individual USP Ref-
erence Standard corresponding to each residual solvent peak identi-
fied and verified by Procedures A and B to a suitable container, and
dilute quantitatively, and stepwise if necessary, with water to obtain a
solution having a final concentration of 1/20 of the value stated in
Table 1 or Table 2 (under Concentration Limit).

Standard Solution—Transfer 1.0 mL of the Standard Stock Solu-
tion to an appropriate headspace vial, containing 5.0 mL of water,
apply the stopper, cap, and mix.

Test Stock Solution—Proceed as directed for Procedure A.

Test Solution—Transfer 1.0 mL of the Test Stock Solution to an ap-
propriate headspace vial, containing 5.0 mL of water, apply the stop-
per, cap, and mix.

Spiked Test Solution—[NOTE—Prepare a separate Spiked Test Solu-
tion for each peak identified and verified by Procedures A and B.]
Transfer 1.0 mL of Test Stock Solution to an appropriate headspace
vial, add 1 mL of Standard Stock Solution and 4.0 mL of water, apply
the stopper, cap, and mix.

Chromatographic System—Proceed as directed for Procedure C
under Water-Soluble Articles.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (use headspace operating parameters in column 3 of
Table 5 with a vial pressure of 10 psi) equal volumes of headspace
(about 1.0 mL) of the Standard Solution, Test Solution, and Spiked
Test Solution into the chromatograph, record the chromatograms,
and measure the responses for the major peaks. Calculate the amount,
in ppm, of each residual solvent found in the article under test by the
formula:

10(C/W)[rU /(rST – rU)]

in which C is the concentration, in mg per mL, of the appropriate USP
Reference Standard in the Standard

&Stock&1S (USP32)

Solution; W is the weight, in g, of the article under test taken to pre-
pare the Test Stock Solution; and rU and rST are the peak responses of
each residual solvent obtained from Test Solution and Spiked Test So-
lution, respectively.

Class 3 Residual Solvents

If Class 3 solvents are present, the level of residual solvents may be
determined as directed under Loss on Drying h731i when the mono-
graph for the article under test contains a loss on drying procedure, or
a specific determination of the solvent may be made. If there is no loss
on drying procedure in the monograph for the article under test or if a
Class 3 solvent limit in an individual monograph is greater than 50
mg per day (corresponding to 5000 ppm or 0.5% under Option 1), the
individual Class 3 residual solvent or solvents present in the article
under test should be identified and quantified, and the procedures
as described above, with appropriate modifications to the standard so-
lutions, are to be applied wherever possible. Otherwise an appropriate
validated procedure is to be employed. USP Reference Standards,
where available, should be used in these procedures. A flow diagram
for the application of residual solvent limit tests is shown in Figure 1.

&

&1S (USP32)
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Figure 1. Diagram relating to the identification of residual solvents and the application of limit tests.
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BRIEFING

h467i Residual Solvents, USP 31 page 170—See briefing under
Organic Volatile Impurities h467i. On the basis of comments re-
ceived, the following changes are being proposed:
(1) A Note was added to all of the procedures, indicating that the

temperature of the transfer line should be increased between
runs to avoid the condensation of solvents.

(2) The reference to Figure 1 was moved from its original place un-
der Class 3 Residual Solvents to Class 1 and Class 2 Residual
Solvents.

(3) Table 5 was modified to include other types of headspace injec-
tion modes, such as syringe injection and the balanced-pressure
loop.

(4) The definition of C in the formula as directed for Procedure C
was changed to Standard Stock Solution.

(GC: H. Pappa) RTS—C63049; C58224; C63250

h467i RESIDUAL SOLVENTS

(Chapter under this new title—to become official July 1, 2008)
(Current chapter title is h467iOrganic Volatile Impurities)

Change to read:

IDENTIFICATION, CONTROL, AND
QUANTIFICATION OF RESIDUAL SOLVENTS

Whenever possible, the substance under test needs to be dissolved
to release the residual solvent. Because the USP deals with drug prod-
ucts, as well as active ingredients and excipients, it may be acceptable
that in cases some of the components of the formulation will not dis-
solve completely. In those cases, the drug product may first need to be
pulverized into a fine powder so that any residual solvent that may be
present can be released. This operation should be as fast as possible to
prevent the loss of volatile solvents during the procedure.

NOTE—The organic-free water specified in the following proce-
dures produces no significantly interfering peaks when chromato-
graphed.

Class 1 and Class 2 Residual Solvents

The following procedures are useful to identify and quantify resid-
ual solvents when the information regarding which solvents are likely
to be present in the material is not available. When the information
about the presence of specific residual solvents is available, only Pro-
cedure C is needed to quantify the amount of residual solvents pre-
sent.

&A flow diagram for the application of the residual solvent

limit tests is shown in Figure 1.&1S (USP32)

WATER-SOLUBLE ARTICLES

Procedure A—

Class 1 Standard Stock Solution—Transfer 1.0 mL of USP Class 1
Residual Solvents Mixture RS to a 100-mL volumetric flask, add 9
mL of dimethyl sulfoxide, dilute with water to volume, and mix.
Transfer 1.0 mL of this solution to a 100-mL volumetric flask, dilute
with water to volume, and mix. Transfer 1.0 mL of this solution to a
10-mL volumetric flask, dilute with water to volume, and mix.

Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard
Stock Solution to an appropriate headspace vial, add 5.0 mL of water,
apply the stopper, cap, and mix.

Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Resid-
ual Solvents Class 2—Mixture A RS to a 100-mL volumetric flask,
dilute with water to volume, and mix. This is Class 2 Standard Stock
Solution A. Transfer 1.0 mL of USP Residual Solvents Class 2—Mix-
ture B RS to a 100-mL volumetric flask, dilute with water to volume,
and mix. This is Class 2 Standard Stock Solution B.

Class 2Mixture A Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution A to an appropriate headspace vial, add 5.0
mL of water, apply the stopper, cap, and mix.

Class 2Mixture B Standard Solution—Transfer 5.0 mL of Class 2
Standard Stock Solution B to an appropriate headspace vial, add 1.0
mL of water, apply the stopper, cap, and mix.

Test Stock Solution—Transfer about 250 mg of the article under
test, accurately weighed, to a 25-mL volumetric flask, dissolve in
and dilute with water to volume, and mix.

Test Solution—Transfer 5.0 mL of Test Stock Solution to an appro-
priate headspace vial, add 1.0 mL of water, apply the stopper, cap,
and mix.

Class 1 System Suitability Solution—Transfer 1.0 mL of Class 1
Standard Stock Solution to an appropriate headspace vial, add 5.0 mL
of Test Stock Solution, apply the stopper, cap, and mix.

Chromatographic System (see Chromatography h621i)—The gas
chromatograph is equipped with a flame-ionization detector, a
0.32-mm 6 30-m fused-silica column coated with a 1.8-mm layer
of phase G43 or a 0.53-mm 6 30-m wide-bore column coated with
a 3.0-mm layer of phase G43. The carrier gas is nitrogen or helium
with a linear velocity of about 35 cm per second, and a split ratio
of 1 : 5. [NOTE—Split ratio can be modified in order to optimize sen-
sitivity.] The column temperature is maintained at 408 for 20 minutes,
then raised at a rate of 108 per minute to 2408, and maintained at 2408
for 20 minutes. The injection port and detector temperatures are main-
tained at 1408 and 2508, respectively. Chromatograph the Class 1
Standard Solution, Class 1 System Suitability Solution, and Class
2Mixture A Standard Solution, and record the peak responses as di-
rected for Procedure: the signal-to-noise ratio of 1,1,1-trichloroeth-
ane in the Class 1 Standard Solution is not less than 5; the signal-
to-noise ratio of each peak in the Class 1 System Suitability Solution
is not less than 3; and the resolution, R, between acetonitrile and
methylene chloride in the Class 2Mixture A Standard Solution is
not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents.]&1S (USP32)

Separately inject (following one of the headspace operating parame-
ter sets described in the table below) equal volumes of headspace
(about 1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A
Standard Solution, Class 2Mixture B Standard Solution, and the Test
Solution into the chromatograph, record the chromatograms, and
measure the responses for the major peaks. If a peak response of
any peak, other than a peak for 1,1,1-trichloroethane, in the Test So-
lution is greater than or equal to a corresponding peak in either the
Class 1 Standard Solution or either of the two Class 2Mixture Stan-
dard Solutions, or a peak response of 1,1,1-trichloroethane is greater
than or equal to 150 times the peak response corresponding to 1,1,1-
trichloroethane in the Class 1 Standard Solution, proceed to Proce-
dure B to verify the identity of the peak; otherwise the article meets
the requirements of this test.
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Procedure B—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
2 Standard Stock Solutions, Class 2Mixture A Standard Solution,
Class 2Mixture B Standard Solution, Test Stock Solution, Test Solu-
tion, and Class 1 System Suitability Solution—Prepare as directed for
Procedure A.

Chromatographic System (see Chromatography h621i)—The gas
chromatograph is equipped with a flame-ionization detector, a
0.32-mm 6 30-m fused-silica column coated with a 0.25-mm layer
of phase G16, or a 0.53-mm6 30-m wide-bore column coated with a
0.25-mm layer of phase G16. The carrier gas is nitrogen or helium
with a linear velocity of about 35 cm per second and a split ratio of
1 : 5. [NOTE—Split ratio can be modified in order to optimize sensitiv-
ity.] The column temperature is maintained at 508 for 20 minutes,
then raised at a rate of 68 per minute to 1658, and maintained at
1658 for 20 minutes. The injection port and detector temperatures
are maintained at 1408 and 2508, respectively. Chromatograph the
Class 1 Standard Solution and the Class 1 System Suitability
Solution, and record the peak responses as directed for Procedure:
the signal-to-noise ratio of benzene in the Class 1 Standard Solution
is not less than 5; the signal-to-noise ratio of each peak in the Class 1
System Suitability Solution is not less than 3; and the resolution, R,
between acetonitrile and cis-dichloroethene in the Class 2Mixture A
Standard Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (following one of the headspace operating parame-
ter sets described in Table 5) equal volumes of headspace (about 1.0
mL) of the Class 1 Standard Solution, the Class 2Mixture A Standard
Solution, the Class 2Mixture B Standard Solution, and the Test Solu-
tion into the chromatograph, record the chromatograms, and measure
the responses for the major peaks. If the peak response(s) in the Test
Solution of the peak(s) identified in Procedure A is/are greater than or
equal to a corresponding peak(s) in either the Class 1 Standard Solu-
tion or either of the two Class 2Mixture Standard Solutions, proceed
to Procedure C to quantify the peak(s); otherwise the article meets the
requirements of this test.

Procedure C—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
2 Standard Stock Solution A, Class 2Mixture A Standard Solution,
Test Stock Solution, Test Solution, and Class 1 System Suitability So-
lution—Prepare as directed for Procedure A.

Standard Solution—[NOTE—Prepare a separate Standard Solution
for each peak identified and verified by Procedures A and B. For the
Class 1 solvents other than 1,1,1-trichloroethane, prepare the first di-
lution as directed for the first dilution under Class 1 Standard Stock
Solution in Procedure A.] Transfer an accurately measured volume of
each individual USP Reference Standard corresponding to each resid-
ual solvent peak identified and verified by Procedures A and B to a
suitable container, and dilute quantitatively, and stepwise if neces-
sary, with water to obtain a solution having a final concentration of
1/20 of the value stated in Table 1 or 2 (under Concentration Limit).
Transfer 1.0 mL of this solution to an appropriate headspace vial, add
5.0 mL of water, apply the stopper, cap, and mix.

Spiked Test Solution—[NOTE—Prepare a separate Spiked Test Solu-
tion for each peak identified and verified by Procedures A and B.]
Transfer 5.0 mL of Test Stock Solution to an appropriate headspace
vial, add 1.0 mL of the Standard Solution, apply the stopper, cap, and
mix.

Chromatographic System (see Chromatography h621i)—[NOTE—
If the results of the chromatography from Procedure A are found to be
inferior to those found with Procedure B, the Chromatographic Sys-
tem from Procedure Bmay be substituted.] The gas chromatograph is
equipped with a flame-ionization detector, a 0.32-mm6 30-m fused-
silica column coated with a 1.8-mm layer of phase G43 or a 0.53-mm
6 30-m wide-bore column coated with a 3.0-mm layer of phase G43.
The carrier gas is nitrogen or helium with a linear velocity of about 35
cm per second, and a split ratio of 1 : 5. [NOTE—The split ratio can be
modified in order to optimize sensitivity.] The column temperature is
maintained at 408 for 20 minutes, then raised at a rate of 108 per mi-
nute to 2408, and maintained at 2408 for 20 minutes. The injection
port and detector temperatures are maintained at 1408 and 2508,
respectively. Chromatograph the Class 1 Standard Solution, the Class
1 System Suitability Solution, and the Class 2Mixture A Standard So-
lution, and record the peak responses as directed for Procedure: the
signal-to-noise ratio of 1,1,1-trichloroethane in the Class 1 Standard
Solution is not less than 5; the signal-to-noise ratio of each peak in the
Class 1 System Suitability Solution is not less than 3; and the resolu-
tion, R, between acetonitrile and methylene chloride in the Class
2Mixture A Standard Solution is not less than 1.0.

Table 5. Headspace Operating Parameters

Headspace Operating
Parameter Sets

1 2 3

Equilibration temperature (8) 80 105 80
Equilibration time (min.) 60 45 45
Transfer-line temperature (8)

&(if appropriate)&1S (USP32)

85 110 105

&Syringe temperature (8) (if appropriate)&1S (USP32)
&80–85&1S (USP32)

&80–85&1S (USP32)
&80–85&1S (USP32)

Carrier gas: nitrogen or helium at an appropriate pressure
Pressurization time (s) 30

&�60&1S (USP32)

30

&�60&1S (USP32)

30

&�60&1S (USP32)

Injection volume (mL)

&*
&1S (USP32)

1 1 1

&* Or follow the instrument manufacturer’s recommendations, as long as the method criteria are met. Injecting less than this amount is allowed as
long as adequate sensitivity is achieved.&1S (USP32)
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Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (following one of the headspace operating parame-
ters described in Table 5) equal volumes of headspace (about 1.0 mL)
of the Standard Solution, the Test Solution, and the Spiked Test Solu-
tion into the chromatograph, record the chromatograms, and measure
the responses for the major peaks. Calculate the amount, in ppm, of
each residual solvent found in the article under test by the formula:

5(C/W)[rU /(rST – rU)]

in which C is the concentration, in mg per mL, of the appropriate USP
Reference Standard in the Standard

&Stock&1S (USP32)

Solution; W is the weight, in g, of the article under test taken to pre-
pare the Test Stock Solution; and rU and rST are the peak responses of
each residual solvent obtained from the Test Solution and the Spiked
Test Solution, respectively.

WATER-INSOLUBLE ARTICLES

Procedure A—[NOTE—Dimethyl sulfoxide may be substituted as
an alternative solvent to dimethylformamide.]

Class 1 Standard Stock Solution—Transfer 1.0 mL of USP Class 1
Residual Solvents Mixture RS to a 100-mL volumetric flask previ-
ously filled with about 80 mL of dimethylformamide, dilute with di-
methylformamide to volume, and mix. Transfer 1.0 mL of this
solution to a 100-mL volumetric flask, previously filled with about
80 mL of dimethylformamide, dilute with dimethylformamide to vol-
ume, and mix (reserve a portion of this solution for the Class 1 System
Suitability Solution). Transfer 1.0 mL of this solution to a 10-mL vol-
umetric flask, dilute with dimethylformamide to volume, and mix.

Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard
Stock Solution to an appropriate headspace vial, containing 5.0 mL of
water, apply the stopper, cap, and mix.

Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Resid-
ual Solvents Class 2—Mixture A RS to a 100-mL volumetric flask,
previously filled with about 80 mL of dimethylformamide, dilute with
dimethylformamide to volume, and mix. This is Class 2 Standard
Stock Solution A. Transfer 0.5 mL of USP Residual Solvents Class
2—Mixture B RS to a 10-mL volumetric flask, dilute with dimethyl-
formamide to volume, and mix. This is Class 2 Standard Stock Solu-
tion B.

Class 2Mixture A Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution A to an appropriate headspace vial, contain-
ing 5.0 mL of water, apply the stopper, cap, and mix.

Class 2Mixture B Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution B to an appropriate headspace vial, contain-
ing 5.0 mL of water, apply the stopper, cap, and mix.

Test Stock Solution—Transfer about 500 mg of the article under
test, accurately weighed, to a 10-mL volumetric flask, dissolve in
and dilute with dimethylformamide to volume, and mix.

Test Solution—Transfer 1.0 mL of Test Stock Solution to an appro-
priate headspace vial, containing 5.0 mL of water, apply the stopper,
cap, and mix.

Class 1 System Suitability Solution—Mix 5 mL of Test stock solu-
tion with 0.5 mL of the intermediate dilution reserved from Class 1
Standard Stock Solution. Transfer 1.0 mL of this solution to an appro-
priate headspace vial, containing 5.0 mL of water, apply the stopper,
cap, and mix.

Chromatographic System (see Chromatography h621i—The gas
chromatograph is equipped with a flame-ionization detector, a
0.53-mm 6 30-m wide-bore column coated with a 3.0-mm layer of
phase G43. The carrier gas is helium with a linear velocity of about 35
cm per second, and a split ratio of 1 : 3 [NOTE—Split ratio can be mod-
ified in order to optimize sensitivity.] The column temperature is
maintained at 408 for 20 minutes, then raised at a rate of 108 per mi-
nute to 2408, and maintained at 2408 for 20 minutes. The injection
port and detector temperatures are maintained at 1408 and 2508,
respectively. Chromatograph the Class 1 Standard Solution, Class
1 System Suitability Solution, and Class 2Mixture A Standard Solu-
tion, and record the peak responses as directed for Procedure: the sig-
nal-to-noise ratio of 1,1,1-trichloroethane in the Class 1 Standard
Solution is not less than 5; the signal-to-noise ratio of each peak in
the Class 1 System Suitability Solution is not less than 3; and the re-
solution, R, between acetonitrile and methylene chloride in the Class
2Mixture A Standard Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (use headspace operating parameters 3 in Table 5
with a vial pressure of 10 psi) equal volumes of headspace (about
1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A Standard
Solution, Class 2Mixture B Standard Solution, and Test Solution into
the chromatograph, record the chromatograms, and measure the re-
sponses for the major peaks. If a peak response of any peak, other
than a peak for 1,1,1-trichloroethane, in the Test Solution is greater
than or equal to a corresponding peak in either the Class 1 Standard
Solution or either of the two Class 2Mixture Standard Solutions, or a
peak response of 1,1,1-trichloroethane is greater than or equal to 150
times the peak response corresponding to 1,1,1-trichloroethane in the
Class 1 Standard Solution, proceed to Procedure B to verify the iden-
tity of the peak; otherwise the article meets the requirements of this
test.

Procedure B—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
1 System Suitability Solution, Class 2 Standard Stock Solutions, Class
2Mixture A Standard Solution, and Class 2Mixture B Standard So-
lution, Test Stock Solution, and Test Solution—Proceed as directed for
Procedure A.

Chromatographic System—Proceed as directed for Procedure B
under Water-Soluble Articles with a split ratio of 1 : 3 [NOTE—The
split ratio can be modified in order to optimize sensitivity.]

Pharmacopeial Forum
754 IN-PROCESS REVISION Vol. 34(3) [May–June 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Black plate (755,1)

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (use headspace operating parameters 3 in Table 5
with a vial pressure of 10 psi) equal volumes of headspace (about
1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A Standard
Solution, Class 2Mixture B Standard Solution, and Test Solution, into
the chromatograph, record the chromatograms, and measure the re-
sponses for the major peaks. If the peak response(s) in Test Solution
of the peak(s) identified in Procedure A is/are greater than or equal to
a corresponding peak(s) in either the Class 1 Standard Solution or
any of the two Class 2Mixture Standard Solutions, proceed to Pro-
cedure C to quantify the peak(s); otherwise the article meets the re-
quirements of this test.

Procedure C—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
1 System Suitability Solution, Class 2 Standard Stock Solution A, and
Class 2Mixture A Standard Solution—Proceed as directed for Proce-
dure A.

Standard Stock Solution—[NOTE—Prepare a separate Standard So-
lution for each peak identified and verified by Procedures A and B.]
Transfer an accurately measured volume of each individual USP Ref-
erence Standard corresponding to each residual solvent peak identi-
fied and verified by Procedures A and B to a suitable container, and
dilute quantitatively, and stepwise if necessary, with water to obtain a
solution having a final concentration of 1/20 of the value stated in
Table 1 or Table 2 (under Concentration Limit).

Standard Solution—Transfer 1.0 mL of the Standard Stock Solu-
tion to an appropriate headspace vial, containing 5.0 mL of water,
apply the stopper, cap, and mix.

Test Stock Solution—Proceed as directed for Procedure A.

Test Solution—Transfer 1.0 mL of the Test Stock Solution to an ap-
propriate headspace vial, containing 5.0 mL of water, apply the stop-
per, cap, and mix.

Spiked Test Solution—[NOTE—Prepare a separate Spiked Test Solu-
tion for each peak identified and verified by Procedures A and B.]
Transfer 1.0 mL of Test Stock Solution to an appropriate headspace
vial, add 1 mL of Standard Stock Solution and 4.0 mL of water, apply
the stopper, cap, and mix.

Chromatographic System—Proceed as directed for Procedure C
under Water-Soluble Articles.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents]&1S (USP32)

Separately inject (use headspace operating parameters 3 in Table 5
with a vial pressure of 10 psi) equal volumes of headspace (about
1.0 mL) of the Standard Solution, Test Solution, and Spiked Test So-
lution into the chromatograph, record the chromatograms, and mea-
sure the responses for the major peaks. Calculate the amount, in ppm,
of each residual solvent found in the article under test by the formula:

10(C/W)[rU /(rST – rU)]

in which C is the concentration, in mg per mL, of the appropriate USP
Reference Standard in the Standard

&Stock&1S (USP32)

Solution;W is the weight, in g, of the article under test taken to pre-
pare the Test Stock Solution; and rU and rST are the peak responses of
each residual solvent obtained from Test Solution and Spiked Test So-
lution, respectively.

Class 3 Residual Solvents

If Class 3 solvents are present, the level of residual solvents may be
determined as directed under Loss on Drying h731i when the mono-
graph for the article under test contains a loss on drying procedure, or
a specific determination of the solvent may be made. If there is no loss
on drying procedure in the monograph for the article under test or if a
Class 3 solvent limit in an individual monograph is greater than 50
mg per day (corresponding to 5000 ppm or 0.5% under Option 1), the
individual Class 3 residual solvent or solvents present in the article
under test should be identified and quantified, and the procedures
as described above, with appropriate modifications to the standard so-
lutions, are to be applied wherever possible. Otherwise an appropriate
validated procedure is to be employed. USP Reference Standards,
where available, should be used in these procedures. A flow diagram
for the application of residual solvent limit tests is shown in Figure 1.

&

&1S (USP32)
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Figure 1. Diagram relating to the identification of residual solvents and the application of limit tests.
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Physical Tests and
Determinations

BRIEFING

h621i Chromatography, USP 31 page 232 and page 152 of PF
34(1) [Jan.–Feb. 2008]. On the basis of comments received, it is pro-
posed to revise portions of the text in the System Suitability section:
the scope of the system suitability test is redefined more broadly; and
the applications of system suitability testing are revised.

(GC: H. Pappa) RTS—C61003; C62493

Change to read:

SYSTEM SUITABILITY

System suitability tests are an integral part of gas and liquid chro-
matographic methods. They are used to verify that the resolution and
reproducibility of the chromatographic system are adequate for the
analysis to be done.

&chromatographic system is adequate for the intended analy-

sis.&1S (USP32)

The tests are based on the concept that the equipment, electronics,
analytical operations, and samples to be analyzed constitute an inte-
gral system that can be evaluated as such.
The resolution, R, [NOTE—All terms and symbols are defined in the

Glossary of Symbols] is a function of column efficiency, N, and is
specified to ensure that closely eluting compounds are resolved from
each other, to establish the general resolving power of the system, and
to ensure that internal standards are resolved from the drug. Column
efficiency may be specified also as a system suitability requirement,
especially if there is only one peak of interest in the chromatogram;
however, it is a less reliable means to ensure resolution than direct
measurement. Column efficiency is a measure of peak sharpness,
which is important for the detection of trace components.
Replicate injections of a standard preparation used in the assay or

other standard solution are compared to ascertain whether require-
ments for precision are met. Unless otherwise specified in the individ-
ual monograph, data from five replicate injections of the analyte are
used to calculate the relative standard deviation, SR,

~

%RSD,~USP32

if the requirement is 2.0% or less; data from six replicate injections
are used if the relative standard deviation requirement is more than
2.0%.
The tailing factor, T, a measure of peak symmetry, is unity for per-

fectly symmetrical peaks and its value increases as tailing becomes
more pronounced (see Figure 2). In some cases, values less than unity
may be observed. As peak asymmetry increases, integration, and
hence precision, becomes less reliable.

Figure 2. Asymmetrical chromatographic peak

These tests are performed by collecting data from replicate injec-
tions of standard or other solutions as specified in the individual
monograph. The specification of definitive parameters in a mono-
graph does not preclude the use of other suitable operating conditions
(see Procedures under Tests and Assays in the General Notices). If
adjustments of operating conditions to meet system suitability re-
quirements are necessary, each of the following is the maximum var-
iation that can be considered, unless otherwise directed in the
monograph. Adjustments are permitted only when suitable standards
(including Reference Standards) are available for all compounds used
in the suitability test and only when those standards are used to show
that the adjustments have improved the quality of the chromatogra-
phy in meeting system suitability requirements. Adjustments to chro-
matographic systems performed in order to comply with system
suitability requirements are not to be made to compensate for column
failure or system malfunction. The changes described below may re-
quire additional validation data. The user should verify the suitability
of the method under the new conditions by assessing the relevant an-
alytical performance characteristics potentially affected by the
change. Multiple adjustments can have a cumulative effect in the per-
formance of the system and should be considered carefully before im-
plementation.

~

Adjustments to the composition of the mobile phase in gra-

dient elution is not recommended. If adjustments are neces-

sary, only column changes (same packing material) or dwell

volume adjustments are recommended~USP32

pH of Mobile Phase (HPLC)—The pH of the aqueous buffer used
in the preparation of the mobile phase can be adjusted to within+0.2
units of the value or range specified.

Concentration of Salts in Buffer (HPLC)—The concentration of
the salts used in the preparation of the aqueous buffer used in the mo-
bile phase can be adjusted to within +10%, provided the permitted
pH variation (see above) is met.

Ratio of Components in Mobile Phase (HPLC)—The following
adjustment limits apply to minor components of the mobile phase
(specified at 50% or less). The amount(s) of these component(s)
can be adjusted by+30% relative. However, the change in any com-
ponent cannot exceed+10% absolute (i.e., in relation to the total mo-
bile phase). Adjustment can be made to one minor component in a
ternary mixture. Examples of adjustments for binary and ternary mix-
tures are given below.

Binary Mixtures—

SPECIFIED RATIO OF 50 : 50—Thirty percent of 50 is 15% absolute,
but this exceeds the maximum permitted change of +10% absolute
in either component. Therefore, the mobile phase ratio may be adjust-
ed only within the range of 40 : 60 to 60 : 40.

SPECIFIED RATIO OF 2 : 98—Thirty percent of 2 is 0.6% absolute.
Therefore the maximum allowed adjustment is within the range of
1.4 : 98.6 to 2.6 : 97.4.

Ternary Mixtures—

SPECIFIED RATIOOF 60 : 35 : 5—For the second component, 30% of 35
is 10.5% absolute, which exceeds the maximum permitted change of
+10% absolute in any component. Therefore the second component
may be adjusted only within the range of 25% to 45% absolute. For
the third component, 30% of 5 is 1.5% absolute. In all cases, a suffi-
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cient quantity of the first component is used to give a total of 100%.
Therefore, mixture ranges of 50 : 45 : 5 to 70 : 25 : 5 or 58.5 : 35 : 6.5
to 61.5 : 35 : 3.5 would meet the requirement.

Wavelength of UV-Visible Detector (HPLC)—Deviations from
the wavelengths specified in the method are not permitted. The pro-
cedure specified by the detector manufacturer, or another validated
procedure, is to be used to verify that error in the detector wavelength
is, at most, +3 nm.

Column Length (GC, HPLC): can be adjusted by as much as
+70%.

Column Inner Diameter (GC, HPLC): can be adjusted by as
much as +25% for HPLC and +50% for GC.

Film Thickness (Capillary GC): can be adjusted by as much as
–50% to 100%.

Particle Size (HPLC): can be reduced by as much as 50%.

Particle Size (GC): going from a larger to a smaller or a smaller
to a larger (if it is the same ‘‘Range Ratio’’, which is the diameter of
the largest particle divided by the diameter of the smallest particle)
particle size GC mesh support is acceptable, provided the chromatog-
raphy meets the requirements of the system suitability.

Flow Rate (GC, HPLC): can be adjusted by as much as+50%.

~

Stationary Phase—

Column Length (GC, HPLC): can be adjusted by as much

as +70%.

Column Inner Diameter (HPLC): can be adjusted pro-

vided that the linear velocity is kept constant [see Flow rate

(HPLC)].

Column Inner Diameter (GC): can be adjusted by as much

as +50% for GC.

Film Thickness (Capillary CG): can be adjusted by as

much as –50% to 100%.

Particle Size (HPLC): can be reduced by as much as 50%.

Particle Size (GC)— Going from a larger to a smaller or a

smaller to a larger (if it is the same range ratio, which is the

diameter of the largest particle divided by the diameter of the

smallest particle) particle size GC mesh support is acceptable,

provided the chromatography meets the requirements of sys-

tem suitability.

Flow Rate (GC): can be adjusted by as much as +50%.

Flow Rate (HPLC): can be adjusted by as much as

+50%. When column dimensions have been modified, the

flow rate can be adjusted using the following formula:

in which F1 is the flow rate indicated in the monograph, in mL

per minute; F2 is the adjusted flow rate, in mL per minute; l1 is

the length of the column indicated in the monograph; l2 is the

length of the column used; and d1 is the column inner diameter

indicated in the monograph, and d2 is the internal diameter of

the column used.~USP32

Injection Volume (GC, HPLC): can be reduced as far as is con-
sistent with accepted precision and detection limits.

Column Temperature (HPLC): can be adjusted by as much as
+108. Column thermostating is recommended to improve control
and reproducibility of retention time.

Oven Temperature (GC): can be adjusted by as much as
+10%.

Oven Temperature Program (GC)—Adjustment of temperatures
is permitted as stated above. For the times specified for the tempera-
ture to be maintained or for the temperature to be changed from one
value to another, an adjustment of up to +20% is permitted.
Unless otherwise directed in the monograph, system suitability

parameters are determined from the analyte peak.
Relative retention times may be provided in monographs for infor-

mational purposes only, to aid in peak identification. There are no ac-
ceptance criteria applied to relative retention times.
To ascertain the effectiveness of the final operating system, it

should be subjected to suitability testing. Replicate injections of the
standard preparation required to demonstrate adequate system preci-
sion may be made before the injection of samples or may be inter-
spersed among sample injections. System suitability must be
demonstrated throughout the run by injection of an appropriate con-
trol preparation at appropriate intervals, including at the end of the
analysis.

&Injections of the preparation(s) required for demonstrating

adequate system suitability (as described in the Chromato-

graphic system section of the method) are made in order to

demonstrate that the system is suitable throughout the

run.&1S (USP32)

The control

&

&1S (USP32)

preparation can be a standard preparation or a solution containing a
known amount of analyte and any additional materials useful in the
control of the analytical system, such as excipients or impurities.
Whenever there is a significant change in equipment or in a critical
reagent, suitability testing should be performed before the injection of
samples. No sample analysis is acceptable unless the requirements of
system suitability have been met. Sample analyses obtained while the
system fails system suitability requirements are unacceptable.
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&Whenever there is a significant change in the chromatograph-

ic system (equipment, mobile phase component, etc.) or in a

critical reagent, system suitability should be reestablished. No

sample analysis is acceptable unless the suitability of the sys-

tem has been demonstrated.&1S (USP32)

Change to read:

GLOSSARY OF SYMBOLS

To promote uniformity of interpretation, the following symbols
and definitions are employed where applicable in presenting formulas
in the individual monographs. Where a different symbol or definition
is used in an individual monograph, the monograph text takes prece-
dence (see General Notices). [NOTE—Where the terms W and t both
appear in the same equation they must be expressed in the same
units.]

f distance from the peak maximum to the leading
edge of the peak, the distance being measured
at a point 5% of the peak height from the baseline.

k’ capacity factor,

~2
~USP32

N number of theoretical plates in a chromato-
graphic column,

~2
~USP32

r relative retention,

~2
~USP32

ri peak response of an impurity obtained from a
chromatogram.

rIS peak response of the internal standard obtained
from a chromatogram.

rS peak response of the Reference Standard obtained
from a chromatogram.

rU peak response of the analyte obtained from a chro-
matogram.

R resolution between two chromatographic peaks,

RF chromatographic retardation factor equal to the ra-
tio of the distance from the origin to the center of a
zone divided by the distance from the origin to the
solvent front.

Rr relative retention time,

~2
~USP32

Rrel relative retardation

RS peak response ratio for a Standard preparation con-
taining Reference Standard and internal standard,

RU peak response ratio for Assay preparation contain-
ing the analyte and internal standard,

SR (%)

~

%RS

D~USP32

relative standard deviation in percentage,

~

~USP32

where Xi is an individual measurement in a set of N
measurements and X is the arithmetic mean of the
set.
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T tailing factor,

~3
~USP32

t retention time measured from time of injection to
time of elution of peak maximum.

tM retention time of nonretarded component, air with
thermal conductivity detection.

W width of peak measured by extrapolating the rela-
tively straight sides to the baseline.

Wh/2 width of peak at half height.
W0.05 width of peak at 5% height.

~

2 The parameters k’, N, r, and Rr were developed for isothermal GC
separations and isocratic HPLC separations. Because these terms are
thermodynamic parameters, they are valid only for separations made
at constant temperature, mobile phase composition, and flow rate.
However, for separations made with a temperature program or solvent
gradient, these parameters may be used simply as comparative means
to ensure that adequate chromatographic conditions exist to perform
the methods as intended in the monographs.
3 It is also a common practice to measure the Asymmetry factor as the
ratio of the distance between the vertical line connecting the peak
apex with the interpolated baseline and the peak front, and the dis-
tance between that line and the peak back measured at 10% of the
peak height (in Figure 2), it would be (W0.10 – f0.10)/ f0.10. However,
for the purposes of USP, only the formula presented in the Glossary
of Symbols is valid.~USP32

BRIEFING

h731i Loss on Drying, USP 31 page 292. The General Chapters
Expert Committee, following the recomendation of the General
Chapters Project Team, proposes that the text be revised to clarify
both the definition of the test specimen and the details of the Proce-
dure. It is also proposed to update the footnote.

(GC: H. Pappa) RTS—C62881

Change to read:

h731i LOSS ON DRYING

The procedure set forth in this chapter determines the amount of
volatile matter of any kind that is driven off under the conditions
specified. For substances appearing to contain water as the only vol-
atile constituent, the procedure given in the chapter, Water Determi-
nation h921i, is appropriate, and is specified in the individual
monograph.
Mix and accurately weigh the substance to be tested, and, unless

otherwise directed in the individual monograph, conduct the determi-
nation on 1 to 2 g. If the test specimen is in the form of large crystals,
reduce the particle size to about 2 mm by quickly crushing. Tare a

glass-stoppered, shallow weighing bottle that has been dried for 30
minutes under the same conditions to be employed in the determina-
tion.

&Unless otherwise directed in the individual monograph, con-

duct the determination on a 1 to 2 g test specimen. Mix the

substance to be tested and, if it is in the form of large particles,

reduce the particle size to about 2 mm by quickly crushing be-

fore weighing out the test specimen. Tare an appropriate glass-

stoppered, shallow weighing bottle that has been dried for

about 30 minutes under the same conditions to be employed

in the determination and cooled to room temperature in a de-

siccator.&1S (USP32)

Put the test specimen in the bottle, replace the cover, and accurately
weigh the bottle and the contents. By gentle, sidewise shaking, dis-
tribute the test specimen as evenly as practicable to a depth of about 5
mm generally, and not more than 10 mm in the case of bulky mate-
rials. Place the loaded bottle in the drying chamber, removing the
stopper and leaving it also in the chamber. Dry the test specimen at
the temperature and for the time specified in the monograph. [NOTE—
The temperature specified in the monograph is to be regarded as being
within the range of +28 of the stated figure.] Upon opening the
chamber, close the bottle promptly, and allow it to come to room tem-
perature in a desiccator before weighing.
If the substance melts at a lower temperature than that specified for

the determination of Loss on drying, maintain the bottle with its con-
tents for 1 to 2 hours at a temperature 58 to 108 below the melting
temperature, then dry at the specified temperature.
Where the specimen under test is Capsules

&Capsules are to be tested,&1S (USP32)

use a portion of the mixed contents of not fewer than 4 capsules.
Where the specimen under test is Tablets

&Tablets are to be tested,&1S (USP32)

use powder from not fewer than 4 tablets. ground to a fine powder.

&

&1S (USP32)

Where the individual monograph directs that loss on drying be de-
termined by thermogravimetric analysis, a sensitive electrobalance is
to be used.
Where drying in vacuum over a desiccant is directed in the individ-

ual monograph, a vacuum desiccator or a vacuum drying pistol, or
other suitable vacuum drying apparatus, is to be used.
Where drying in a desiccator is specified, exercise particular care to

ensure that the desiccant is kept fully effective by frequent replace-
ment.
Where drying in a capillary-stoppered bottle* in vacuum is directed

in the individual monograph, use a bottle or tube fitted with a stopper
having a 225+ 25 mm diameter capillary, and maintain the heating
chamber at a pressure of 5 mm or less of mercury. At the end of the
heating period, admit dry air to the heating chamber, remove the bot-
tle, and with the capillary stopper still in place allow it to cool

&to room temperature &1S (USP32)

in a desiccator before weighing.

* Available as an ‘‘antibiotic moisture content flask’’ from
&Kimble-&1S (USP32)

Kontes, 1022 Spruce St., Vineland, NJ 08360-2841
&08362-1502.&1S (USP32)

.
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BRIEFING

h921iWater Determination, USP 31 page 370. On the basis of
comments received, it is proposed to make the following revisions
in the section Method Ia (Direct Titration):
Under Test Preparation,

— Clarify the term KF in the formula.
— Add a note regarding the use of the formula.
Under Standardization of the Reagent,

— Include the use of Purified Water and commercial standards, as
well as sodium tartrate dihydrate, for the determination of trace
amounts of water (less than 1%).

— Delete the text ‘‘Sodium tartrate may be used as a convenient
water reference substance. Quickly add 75’’.

— Add a statement regarding the solubility of sodium tartrate dihy-
drate in methanol.

— Delete the paragraph beginning ‘‘For the precise determination
of significant amounts of water (1% or more)’’.

The following revisions are proposed in the section Method Ic
(Coulometric Titration):
Under Reagent,

— Delete the text ‘‘Reagent under Method Ia’’.
— Add the text ‘‘manufacturer’s recommendation’’.

(GC: G. Ritchie) RTS—C56683

Change to read:

METHOD I (TITRIMETRIC)

Determine the water by Method Ia, unless otherwise specified in
the individual monograph.

Method Ia (Direct Titration)

Principle—The titrimetric determination of water is based upon
the quantitative reaction of water with an anhydrous solution of sulfur
dioxide and iodine in the presence of a buffer that reacts with hydro-
gen ions.
In the original titrimetric solution, known as Karl Fischer Reagent,

the sulfur dioxide and iodine are dissolved in pyridine and methanol.
The test specimen may be titrated with the Reagent directly, or the
analysis may be carried out by a residual titration procedure. The stoi-
chiometry of the reaction is not exact, and the reproducibility of a
determination depends upon such factors as the relative concentra-
tions of the Reagent ingredients, the nature of the inert solvent used
to dissolve the test specimen, and the technique used in the particular
determination. Therefore, an empirically standardized technique is
used in order to achieve the desired accuracy. Precision in the method
is governed largely by the extent to which atmospheric moisture is
excluded from the system. The titration of water is usually carried
out with the use of anhydrous methanol as the solvent for the test
specimen; however, other suitable solvents may be used for special
or unusual test specimens.

Apparatus—Any apparatus may be used that provides for ade-
quate exclusion of atmospheric moisture and determination of the
endpoint. In the case of a colorless solution that is titrated directly,
the endpoint may be observed visually as a change in color from ca-
nary yellow to amber. The reverse is observed in the case of a test
specimen that is titrated residually. More commonly, however, the
endpoint is determined electrometrically with an apparatus employ-
ing a simple electrical circuit that serves to impress about 200 mVof
applied potential between a pair of platinum electrodes immersed in
the solution to be titrated. At the endpoint of the titration a slight ex-
cess of the reagent increases the flow of current to between 50 and
150 microamperes for 30 seconds to 30 minutes, depending upon
the solution being titrated. The time is shortest for substances that dis-
solve in the reagent. With some automatic titrators, the abrupt change
in current or potential at the endpoint serves to close a solenoid-op-
erated valve that controls the buret delivering the titrant. Commercial-
ly available apparatus generally comprises a closed system consisting
of one or two automatic burets and a tightly covered titration vessel
fitted with the necessary electrodes and a magnetic stirrer. The air in
the system is kept dry with a suitable desiccant, and the titration ves-
sel may be purged by means of a stream of dry nitrogen or current of
dry air.

Reagent—Prepare the Karl Fischer Reagent as follows. Add 125 g
of iodine to a solution containing 670 mL of methanol and 170 mL of
pyridine, and cool. Place 100 mL of pyridine in a 250-mL graduated
cylinder, and, keeping the pyridine cold in an ice bath, pass in dry
sulfur dioxide until the volume reaches 200 mL. Slowly add this so-
lution, with shaking, to the cooled iodine mixture. Shake to dissolve
the iodine, transfer the solution to the apparatus, and allow the solu-
tion to stand overnight before standardizing. One mL of this solution
when freshly prepared is equivalent to approximately 5 mg of water,
but it deteriorates gradually; therefore, standardize it within 1 hour
before use, or daily if in continuous use. Protect from light while in
use. Store any bulk stock of the reagent in a suitably sealed, glass-
stoppered container, fully protected from light, and under refrigera-
tion.
A commercially available, stabilized solution of Karl Fischer type

reagent may be used. Commercially available reagents containing
solvents or bases other than pyridine or alcohols other than methanol
may be used also. These may be single solutions or reagents formed
in situ by combining the components of the reagents present in two
discrete solutions. The diluted Reagent called for in some mono-
graphs should be diluted as directed by the manufacturer. Either
methanol or other suitable solvent, such as ethylene glycol mono-
methyl ether, may be used as the diluent.

Test Preparation—Unless otherwise specified in the individual
monograph, use an accurately weighed or measured amount of the
specimen under test estimated to contain 2 to 250 mg of water. The
amount of water depends on the water equivalency factor of the Re-
agent and on the method of endpoint determination. In most cases,
the minimum amount of specimen, in mg, can be estimated using
the formula:

FCV /KF

in which F is the water equivalency factor of the Reagent, in mg per
mL; C is the used volume, in percent, of the capacity of the buret; V is
the buret volume, in mL; and KF is the limit or reasonable expected
water content in the sample, in percent. C is

&generally&1S (USP32)

between 30% and 100% for manual titration, and between 10% and
100% for the instrumental method endpoint determination.

&Note that the product of FCVmust be greater than or equal to

200 for the calculation to ensure that the minimum amount of

water titrated is greater than or equal to 2 mg.&1S (USP32)
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Where the specimen under test is an aerosol with propellant, store it
in a freezer for not less than 2 hours, open the container, and test 10.0
mL of the well-mixed specimen. In titrating the specimen, determine
the endpoint at a temperature of 108 or higher.
Where the specimen under test is capsules, use a portion of the

mixed contents of not fewer than 4 capsules.
Where the specimen under test is tablets, use powder from not few-

er than 4 tablets ground to a fine powder in an atmosphere of temper-
ature and relative humidity known not to influence the results.
Where the monograph specifies that the specimen under test is hy-

groscopic, use a dry syringe to inject an appropriate volume of meth-
anol, or other suitable solvent, accurately measured, into a tared
container, and shake to dissolve the specimen. Using the same sy-
ringe, remove the solution from the container and transfer it to a ti-
tration vessel prepared as directed for Procedure. Repeat the
procedure with a second portion of methanol, or other suitable sol-
vent, accurately measured, add this washing to the titration vessel,
and immediately titrate. Determine the water content, in mg, of a por-
tion of solvent of the same total volume as that used to dissolve the
specimen and to wash the container and syringe, as directed for Stan-
dardization of Water Solution for Residual Titrations, and subtract
this value from the water content, in mg, obtained in the titration of
the specimen under test. Dry the container and its closure at 1008 for 3
hours, allow to cool in a desiccator, and weigh. Determine the weight
of specimen tested from the difference in weight from the initial
weight of the container.

Standardization of the Reagent—Place enough methanol or oth-
er suitable solvent in the titration vessel to cover the electrodes, and
add sufficient Reagent to give the characteristic endpoint color, or
100+ 50 microamperes of direct current at about 200 mVof applied
potential.
For determination of trace amounts of water (less than 1%), it is

preferable to use Reagent with a water equivalency factor of not more
than 2.0. &Purified Water, sodium tartrate dihydrate or commer-

cial standards with a certificate of analysis traceable to a na-

tional standard may be used to standardize the Reagent. The

reagent equivalency factor, the recommended titration volume

and the amount of standard to measure are factors to consider

when deciding which standard and how much to use.1 For Pu-

rified Water or water standards, quickly add the equivalent of

between 2 and 250 mg of water. Calculate the water equiva-

lency factor, F, in mg of water per mL of reagent, by the for-

mula:

W /V

in which W is the weight, in mg, of the water contained in the

aliquot of standard used; and V is the volume, in mL, of the

Reagent used in the titration.&1S (USP32)

Sodium tartrate may be used as a convenient water reference sub-
stance. Quickly add 75

&For sodium tartrate, quickly add 20&1S (USP32)

to 125 mg of sodium tartrate (C4H4Na2O6 � 2H2O), accurately weighed
by difference, and titrate to the endpoint. The water equivalence fac-
tor F, in mg of water per mL of Reagent, is given by the formula:

2(18.02/230.08)(W/V)

in which 18.02 and 230.08 are the molecular weights of water and
sodium tartrate dihydrate, respectively; W is the weight, in mg, of so-
dium tartrate dihydrate; and V is the volume, in mL, of the Reagent
consumed in the second titration.

&Note that the solubility of sodium tartrate dihydrate in meth-

anol is such that fresh methanol may be needed for additional

titrations of the sodium tartrate dihydrate standard.&1S (USP32)

For the precise determination of significant amounts of water (1%
or more), use Purified Water as the reference substance. Quickly add
between 25 and 250 mg of water, accurately weighed by difference,
from a weighing pipet or from a precalibrated syringe or micropipet,
the amount taken being governed by the reagent strength and the bu-
ret size, as referred to under Volumetric Apparatus h31i. Titrate to the
endpoint. Calculate the water equivalence factor, F, in mg of water per
mL of reagent, by the formula:

W/V

in which W is the weight, in mg, of the water; and V is the volume, in
mL, of the reagent required.

&

&1S (USP32)

Procedure—Unless otherwise specified, transfer 35 to 40 mL of
methanol or other suitable solvent to the titration vessel, and titrate
with the Reagent to the electrometric or visual endpoint to consume
any moisture that may be present. (Disregard the volume consumed,
since it does not enter into the calculations.) Quickly add the Test
Preparation, mix, and again titrate with the Reagent to the electro-
metric or visual endpoint. Calculate the water content of the speci-
men, in mg, taken by the formula:

SF

in which S is the volume, in mL, of the Reagent consumed in the sec-
ond titration; and F is the water equivalence factor of the Reagent.

Method Ib (Residual Titration)

Principle—See the information given in the section Principle un-
derMethod Ia. In the residual titration, excess Reagent is added to the
test specimen, sufficient time is allowed for the reaction to reach com-
pletion, and the unconsumed Reagent is titrated with a standard solu-
tion of water in a solvent such as methanol. The residual titration
procedure is applicable generally and avoids the difficulties that
may be encountered in the direct titration of substances from which
the bound water is released slowly.

Apparatus, Reagent, and Test Preparation—Use Method Ia.

Standardization of Water Solution for Residual Titration—
Prepare a Water Solution by diluting 2 mL of water with methanol
or other suitable solvent to 1000 mL. Standardize this solution by ti-
trating 25.0 mL with the Reagent, previously standardized as directed
under Standardization of the Reagent. Calculate the water content, in
mg per mL, of the Water Solution taken by the formula:

V’F/25

in which V’ is the volume of the Reagent consumed, and F is the water
equivalence factor of the Reagent. Determine the water content of the
Water Solution weekly, and standardize the Reagent against it period-
ically as needed.

1 Consider a setup in which the reagent equivalency factor is 5 mg
per mL, and the buret volume is 5 mL. Also, what must be considered
is an instrumental endpoint. Standard amounts equivalent to between
2.5 mg and 22.5 mg of water (10 to 90% of buret capacity) could be
used based on the buret and the reagent equivalency factor. The upper
end of this range would involve an excessive amount of sodium tar-
trate dihydrate. If Purified Water or a standard is weighed, an analyt-
ical balance appropriate to the amount weighed is required.
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Procedure—Where the individual monograph specifies that the
water content is to be determined by Method Ib, transfer 35 to 40
mL of methanol or other suitable solvent to the titration vessel, and
titrate with the Reagent to the electrometric or visual endpoint. Quick-
ly add the Test Preparation, mix, and add an accurately measured ex-
cess of the Reagent. Allow sufficient time for the reaction to reach
completion, and titrate the unconsumed Reagent with standardized
Water Solution to the electrometric or visual endpoint. Calculate
the water content of the specimen, in mg, taken by the formula:

F(X’ – XR)

in which F is the water equivalence factor of the Reagent; X’ is the
volume, in mL, of the Reagent added after introduction of the spec-
imen; X is the volume, in mL, of standardizedWater Solution required
to neutralize the unconsumed Reagent; and R is the ratio, V’/25 (mL
Reagent/mLWater Solution), determined from the Standardization of
Water Solution for Residual Titration.

Method Ic (Coulometric Titration)

Principle—The Karl Fischer reaction is used in the coulometric
determination of water. Iodine, however, is not added in the form
of a volumetric solution but is produced in an iodide-containing so-
lution by anodic oxidation. The reaction cell usually consists of a
large anode compartment and a small cathode compartment that are
separated by a diaphragm. Other suitable types of reaction cells (e.g.,
without diaphragms) may also be used. Each compartment has a plat-
inum electrode that conducts current through the cell. Iodine, which is
produced at the anode electrode, immediately reacts with water pre-
sent in the compartment. When all the water has been consumed, an
excess of iodine occurs, which usually is detected electrometrically,
thus indicating the endpoint. Moisture is eliminated from the system
by pre-electrolysis. Changing the Karl Fischer solution after each de-
termination is not necessary since individual determinations can be
carried out in succession in the same reagent solution. A requirement
for this method is that each component of the test specimen is com-
patible with the other components, and no side reactions take place.
Samples are usually transferred into the vessel as solutions by means

of injection through a septum. Gases can be introduced into the cell
by means of a suitable gas inlet tube. Precision in the method is pre-
dominantly governed by the extent to which atmospheric moisture is
excluded from the system; thus, the introduction of solids into the cell
is not recommended, unless elaborate precautions are taken, such as
working in a glove-box in an atmosphere of dry inert gas. Control of
the system may be monitored by measuring the amount of baseline
drift. This method is particularly suited to chemically inert substances
like hydrocarbons, alcohols, and ethers. In comparison with the vol-
umetric Karl Fischer titration, coulometry is a micro-method.

Apparatus—Any commercially available apparatus consisting of
an absolutely tight system fitted with the necessary electrodes and a
magnetic stirrer is appropriate. The instrument’s microprocessor con-
trols the analytical procedure and displays the results. Calibration of
the instrument is not necessary, as the current consumed can be mea-
sured absolutely.

Reagent—See Reagent under Method Ia.

&manufacturer’s recommendations.&1S (USP32)

Test Preparation—Where the specimen is a soluble solid, dis-
solve an appropriate quantity, accurately weighed, in anhydrous
methanol or other suitable solvents. Liquids may be used as such
or as accurately prepared solutions in appropriate anhydrous solvents.
Where the specimen is an insoluble solid, the water may be extract-

ed using a suitable anhydrous solvent from which an appropriate
quantity, accurately weighed, may be injected into the anolyte solu-
tion. Alternatively an evaporation technique may be used in which
water is released and evaporated by heating the specimen in a tube
in a stream of dry inert gas, this gas being then passed into the cell.

Procedure—Using a dry syringe, quickly inject the Test Prepara-
tion, accurately measured and estimated to contain 0.5 to 5 mg of wa-
ter, or as recommended by the instrument manufacturer into the
anolyte, mix, and perform the coulometric titration to the electro-
metric endpoint. Read the water content of the Test Preparation di-
rectly from the instrument’s display, and calculate the percentage that
is present in the substance. Perform a blank determination, and make
any necessary corrections.
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GENERAL CHAPTERS

General Information

BRIEFING

h1010i Analytical Data—Interpretation and Treatment, USP
31 page 378 and page 726 of PF 33(4) [July–Aug. 2007]. On the
basis of comments received, the Statistics Expert Committee
proposes the following revisions:
1. In Measurement Principles and Variation, delete the paragraph

related to control sample.
2. In Comparison of Analytical Methods, subsection Determina-

tion of Sample Size, modify the text in the first paragraph to
emphasize that the difference of the means is considered.

3. In Appendix B, state that many statistical software packages can
be used to deal with unequal replication.

4. In Appendix D, in the explanatory paragraph following the
second equation, align the value of power with the revision
made in PF 33(4).

5. Align the terminology in this general information chapter with
that currently used by ISO. For additional information, see in
this issue of PF, the Stimuli article ‘‘Making Sense of Trueness,
Precision, Accuracy, and Uncertainty’’.

(STAT: H. Pappa) RTS—C58998; C59112; C59059; C61213

Change to read:

PREREQUISITE LABORATORY PRACTICES
AND PRINCIPLES

The sound application of statistical principles to laboratory data
requires the assumption that such data have been collected in a
traceable (i.e., documented) and unbiased manner. To ensure this, the
following practices are beneficial.

Sound Record Keeping

Laboratory records are maintained with sufficient detail, so that
other equally qualified analysts can reconstruct the experimental
conditions and review the results obtained. When collecting data, the
data should generally be obtained with more decimal places than the
specification requires and rounded only after final calculations are
completed as per the General Notices and Requirements.

Sampling Considerations

Effective sampling is an important step in the assessment of a
quality attribute of a population. The purpose of sampling is to
provide representative data (the sample) for estimating the properties
of the population. How to attain such a sample depends entirely on
the question that is to be answered by the sample data. In general,
use of a random process is considered the most appropriate way of
selecting a sample. Indeed, a random and independent sample is
necessary to ensure that the resulting data produce valid estimates of
the properties of the population. Generating a nonrandom or
‘‘convenience’’ sample risks the possibility that the estimates will

be biased. The most straightforward type of random sampling is
called simple random sampling, a process in which every unit of the
population has an equal chance of appearing in the sample.
However, sometimes this method of selecting a random sample is
not optimal because it cannot guarantee equal representation among
factors (i.e., time, location, machine) that may influence the critical
properties of the population. For example, if it requires 12 hours to
manufacture all of the units in a lot and it is vital that the sample be
representative of the entire production process, then taking a simple
random sample after the production has been completed may not be
appropriate because there can be no guarantee that such a sample
will contain a similar number of units made from every time period
within the 12-hour process. Instead, it is better to take a systematic
random sample whereby a unit is randomly selected from the
production process at systematically selected times or locations (e.g.,
sampling every 30 minutes from the units produced at that time) to
ensure that units taken throughout the entire manufacturing process
are included in the sample. Another type of random sampling
procedure is needed if, for example, a product is filled into vials
using four different filling machines. In this case it would be
important to capture a random sample of vials from each of the
filling machines. A stratified random sample, which randomly
samples an equal number of vials from each of the four filling
machines, would satisfy this requirement. Regardless of the reason
for taking a sample (e.g., batch-release testing), a sampling plan
should be established to provide details on how the sample is to be
obtained to ensure that the sample is representative of the entirety of
the population and that the resulting data have the required
sensitivity. The optimal sampling strategy will depend on knowledge
of the manufacturing and analytical measurement processes. Once
the sampling scheme has been defined, it is likely that the sampling
will include some element of random selection. Finally, there must
be sufficient sample collected for the original analysis, subsequent
verification analyses, and other analyses.
Tests discussed in the remainder of this chapter assume that simple

random sampling has been performed.

Use of Reference Standards

Where the use of the USP Reference Standard is specified, the
USP Reference Standard, or a secondary standard traceable to the
USP Reference Standard, is used. Because the assignment of a value
to a standard is one of the most important factors that influences the
accuracy of an analysis, it is critical that this be done correctly.

System Performance Verification

Verifying an acceptable level of performance for an analytical
system in routine or continuous use can be a valuable practice. This
may be accomplished by analyzing a control sample at appropriate
intervals, or using other means, such as, variation among the
standards, background signal-to-noise ratios, etc. Attention to the
measured parameter, such as charting the results obtained by analysis
of a control sample, can signal a change in performance that requires
adjustment of the analytical system.

&An example of a control chart is provided in Appendix

A.&1S (USP32)

Method Validation

All methods are appropriately validated as specified under
Validation of Compendial Procedures h1225i. Methods published
in the USP–NF have been validated and meet the Current Good
Manufacturing Practices regulatory requirement for validation as
established in the Code of Federal Regulations. A validated method
may be used to test a new formulation (such as a new product,
dosage form, or process intermediate) only after confirming that the
new formulation does not interfere with the accuracy, linearity, or
precision of the method. It may not be assumed that a validated
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method could correctly measure the active ingredient in a
formulation that is different from that used in establishing the
original validity of the method.

&[NOTE on terminology—The definition of accuracy in

Validation of Compendial Procedures h1225i and in ICH

Q2 corresponds to unbiasedness only. In the International

Vocabulary of Metrology (VIM) and documents of the

International Organization for Standardization (ISO), accu-

racy has a different meaning. In ISO, accuracy combines the

concepts of unbiasedness (termed trueness) and precision.

This chapter follows the definition in chapter h1225i, which

corresponds only to trueness.]&1S (USP32)

Change to read:

MEASUREMENT PRINCIPLES AND
VARIATION

All measurements are, at best, estimates of the actual (‘‘true’’ or
‘‘accepted’’) value for they contain random variability (also referred
to as random error) and may also contain systematic variation (bias).
Thus, the measured value differs from the actual value because of
variability inherent in the measurement. If an array of measurements
consists of individual results that are representative of the whole,
statistical methods can be used to estimate informative properties of
the entirety, and statistical tests are available to investigate whether it
is likely that these properties comply with given requirements. The
resulting statistical analyses should address the variability associated
with the measurement process as well as that of the entity being
measured. Statistical measures used to assess the direction and
magnitude of these errors include the mean, standard deviation, and
expressions derived therefrom, such as the coefficient of variation
(CV, also called the relative standard deviation, RSD)

&percent coefficient of variation (%CV, also called the percent

relative standard deviation, %RSD).&1S (USP32)
The estimated variability can be used to calculate confidence
intervals for the mean, or measures of variability, and tolerance
intervals capturing a specified proportion of the individual
measurements.
The use of statistical measures must be tempered with good

judgment, especially with regard to representative sampling. Most

&Data should be consistent with the statistical assumptions

used for the analysis. If one or more of these assumptions

appear to be violated, alternative methods may be required in

the evaluation of the data. In particular, most&1S (USP32)
of the statistical measures and tests cited in this chapter rely on the
assumptions that the distribution of the entire population is
represented by a normal distribution and that the analyzed sample
is a representative subset of this population. The normal (or
Gaussian) distribution is bell-shaped and symmetric about its center
and has certain characteristics that are required for these tests to be
valid. If the assumption of a normal distribution for the population is
not warranted, then normality can often be achieved (at least
approximately) through an appropriate transformation of the
measurement values.

&The data may not always be expected to be normally

distributed and may require a transformation to better fit a

normal distribution.&1S (USP32)
For example, there exist variables that have distributions with longer
right tails than left. Such distributions can often be made
approximately normal through a log transformation. An alternative
approach would be to use ‘‘distribution-free’’ or ‘‘nonparametric’’
statistical procedures that do not require that the shape of the
population be that of a normal distribution. When the objective is to
construct a confidence interval for the mean or for the difference
between two means, for example, then the normality assumption is
not as important because of the central limit theorem. However, one
must verify normality of data to construct valid confidence intervals
for standard deviations and ratios of standard deviations, perform
some outlier tests, and construct valid statistical tolerance limits. In
the latter case, normality is a critical assumption. Simple graphical
methods, such as dot plots, histograms, and normal probability plots,
are useful aids for investigating this assumption.
A single analytical measurement may be useful in quality

assessment if the sample is from a whole that has been prepared
using a well-validated, documented process and if the analytical
errors are well known. The obtained analytical result may be
qualified by including an estimate of the associated errors. There
may be instances when one might consider the use of averaging
because the variability associated with an average value is always
reduced as compared to the variability in the individual measure-
ments. The choice of whether to use individual measurements or
averages will depend upon the use of the measure and its variability.
For example, when multiple measurements are obtained on the same
sample aliquot, such as from multiple injections of the sample in an
HPLC method, it is generally advisable to average the resulting data
for the reason discussed above.
Variability is associated with the dispersion of observations

around the center of a distribution. The most commonly used statistic
to measure the center is the sample mean ( x ):

Method variability can be estimated in various ways. The most
common and useful assessment of a method’s variability is the
determination of the standard deviation based on repeated indepen-
dent1 measurements of a sample. The sample standard deviation, s,
is calculated by the formula:

in which xi is the individual measurement in a set of n measurements;
and x is the mean of all the measurements. The relative standard
deviation (RSD)

&percent relative standard deviation (%RSD)&1S (USP32)

1 Multiple measurements (or, equivalently, the experimental errors associated
with the multiple measurements) are independent from one another when they
can be assumed to represent a random sample from the population. In such a
sample, the magnitude of one measurement is not influenced by, nor does it
influence the magnitude of, any other measurement. Lack of independence
implies the measurements are correlated over time or space. Consider the
example of a 96-well microtiter plate. Suppose that whenever the unknown
causes that produce experimental error lead to a low result (negative error)
when a sample is placed in the first column and these same causes would also
lead to a low result for a sample placed in the second column, then the two
resulting measurements would not be statistically independent. One way to
avoid such possibilities would be to randomize the placement of the samples
on the plate.

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 765



Black plate (766,1)

is then calculated as:

and expressed as a percentage. If the data requires log transformation
to achieve normality (e.g., for biological assays), then alternative
methods are available.2
A control sample is defined as a homogeneous and stable sample

that is tested at specific intervals sufficient to monitor the
performance of the method for which it was established. Test data
from a control sample can be used to monitor the method variability
or be used as part of system suitability requirements.3 The control
sample should be essentially the same as the test sample and should
be treated similarly whenever possible. A control chart can be
constructed and used to monitor the method performance on a
continuing basis as shown under Appendix A.

&

&1S (USP32)

A precision study should be conducted to provide a better estimate
of method variability. The precision study may be designed to
determine intermediate precision (which includes the components of

both ‘‘between run’’ and ‘‘within-run’’ variability) and repeatability
(‘‘within-run’’ variability). The intermediate precision studies should
allow for changes in the experimental conditions that might be
expected, such as different analysts, different preparations of
reagents, different days, and different instruments. To perform a
precision study, the test is repeated several times. Each run must be
completely independent of the others to provide accurate estimates
of the various components of variability. In addition, within each
run, replicates are made in order to estimate repeatability. See an
example of a precision study under Appendix B.
A confidence interval for the mean may be considered in the

interpretation of data. Such intervals are calculated from several data
points using the sample mean (x) and sample standard deviation (s)
according to the formula:

in which ta/2,n–1 is a statistical number dependent upon the sample size
(n), the number of degrees of freedom (n – 1), and the desired
confidence level (1 – a). Its values are obtained from published
tables of the Student t-distribution. The confidence interval provides
an estimate of the range within which the ‘‘true’’ population mean
(m) falls, and it also evaluates the reliability of the sample mean as an
estimate of the true mean. If the same experimental set-up were to be
replicated over and over and a 95% (for example) confidence interval
for the true mean is calculated each time, then 95% of such intervals
would be expected to contain the true mean, m. One cannot say with
certainty whether or not the confidence interval derived from a
specific set of data actually collected contains m. However, assuming
the data represent mutually independent measurements randomly
generated from a normally distributed population, the procedure
used to construct the confidence interval guarantees that 95% of such
confidence intervals contain m. Note that it is important to define the
population appropriately so that all relevant sources of variation are
captured.

&[NOTE on terminology—In the documents of the Interna-

tional Organization for Standardization (ISO), different

terminology is used for some of the concepts described

here. The term s/
p
n, which is commonly called the standard

error of the mean, is called the standard uncertainty in ISO

documents. The term ta/ 2, n–1S/
p
n is called the expanded

uncertainty, and ta/2,n– 1 is called the coverage factor, by ISO. If

the standard deviation is found by combining estimates of

variability from multiple sources, it is called the combined

standard uncertainty. Some of these sources could have

nonstatistical estimates of uncertainty, called Type B

uncertainties, such as uncertainty in calibration of a

balance.]&1S (USP32)

Change to read:

COMPARISON OF ANALYTICAL METHODS

It is often necessary to compare two methods to determine if their
average results or their variabilities differ by an amount that is
deemed important. The goal of a method comparison experiment is

2 When data have been log (base e) transformed to achieve normality, the
RSD
&%RSD&1S (USP32)
is:

This can be reasonably approximated by:

where s is the standard deviation of the log (base e) transformed data.
3 See System Suitability under Chromatography h621i.
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to generate adequate data to evaluate the equivalency of the two
methods over a range of concentrations. Some of the considerations
to be made when performing such comparisons are discussed in this
section.

Precision

Precision is the degree of agreement among individual test results
when the analytical method is applied repeatedly to a homogeneous
sample. For an alternative method to be considered to have
‘‘comparable’’ precision to that of a current method, its precision
(see Analytical Performance Characteristics under Validation of
Compendial Methods h1225i) must not be worse than that of the
current method by an amount deemed important. A decrease in
precision (or increase in variability) can lead to an increase in the
number of results expected to fail required specifications. On the
other hand, an alternative method providing improved precision is
acceptable.
One way of comparing the precision of two methods is by

estimating the variance for each method (the sample variance, s2, is
the square of the sample standard deviation) and calculating a one-
sided upper confidence interval for the ratio of (true) variances,
where the ratio is defined as the variance of the alternative method to
that of the current method. An example, with this assumption, is
outlined under Appendix D. The one-sided upper confidence limit
should be compared to an upper limit deemed acceptable, a priori,
by the analytical laboratory. If the one-sided upper confidence limit
is less than this upper acceptable limit, then the precision of the
alternative method is considered acceptable in the sense that the use
of the alternative method will not lead to an important loss in
precision. Note that if the one-sided upper confidence limit is less
than one, then the alternative method has been shown to have
improved precision relative to the current method.
The confidence interval method just described is preferred to

applying the two-sample F-test to test the statistical significance of
the ratio of variances. To perform the two-sample F-test, the
calculated ratio of sample variances would be compared to a critical
value based on tabulated values of the F distribution for the desired
level of confidence and the number of degrees of freedom for each
variance. Tables providing F-values are available in most standard
statistical textbooks. If the calculated ratio exceeds this critical value,
a statistically significant difference in precision is said to exist
between the two methods. However, if the calculated ratio is less
than the critical value, this does not prove that the methods have the
same or equivalent level of precision; but rather that there was not
enough evidence to prove that a statistically significant difference
did, in fact, exist.

Accuracy

Comparison of the accuracy (see Analytical Performance
Characteristics under Validation of Compendial Methods h1225i)
of methods provides information useful in determining if the new
method is equivalent, on the average, to the current method. A
simple method for making this comparison is by calculating a
confidence interval for the difference in true means, where the
difference is estimated by the sample mean of the alternative method
minus that of the current method.
The confidence interval should be compared to a lower and upper

range deemed acceptable, a priori, by the laboratory. If the
confidence interval falls entirely within this acceptable range, then
the two methods can be considered equivalent, in the sense that the
average difference between them is not of practical concern. The
lower and upper limits of the confidence interval only show how
large the true difference between the two methods may be, not
whether this difference is considered tolerable. Such an assessment
can be made only within the appropriate scientific context.
The confidence interval method just described is preferred to the

practice of applying a t-test to test the statistical significance of the
difference in averages. One way to perform the t-test is to calculate
the confidence interval and to examine whether or not it contains the
value zero. The two methods have a statistically significant
difference in averages if the confidence interval excludes zero. A
statistically significant difference may not be large enough to have

practical importance to the laboratory because it may have arisen as a
result of highly precise data or a larger sample size. On the other
hand, it is possible that no statistically significant difference is found,
which happens when the confidence interval includes zero, and yet
an important practical difference cannot be ruled out. This might
occur, for example, if the data are highly variable or the sample size
is too small. Thus, while the outcome of the t-test indicates whether
or not a statistically significant difference has been observed, it is not
informative with regard to the presence or absence of a difference of
practical importance.

Determination of Sample Size

Sample size determination is based on the comparison of the
accuracy and precision of the two methods4 and is similar to that for
testing hypotheses about average differences in the former case and
variance ratios in the latter case, but the meaning of some of the
input is different. The first component to be specified is d, the largest
acceptable difference between the two methods that, if achieved, still
leads to the conclusion of equivalence. That is, if the two methods
differ by no more than d,

&on the average,&1S (USP32)
they are considered acceptably similar. The comparison can be two-
sided as just expressed, considering a difference of d in either
direction, as would be used when comparing means. Alternatively, it
can be one-sided as in the case of comparing variances where a
decrease in variability is acceptable and equivalency is concluded if
the ratio of the variances (new/current, as a proportion) is not more
than 1.0 + d. A researcher will need to state d based on knowledge of
the current method and/or its use, or it may be calculated. One
consideration, when there are specifications to satisfy, is that the new
method should not differ by so much from the current method as to
risk generating out-of-specification results. One then chooses d to
have a low likelihood of this happening by, for example, comparing
the distribution of data for the current method to the specification
limits. This could be done graphically or by using a tolerance
interval, an example of which is given in Appendix E. In general, the
choice for d must depend on the scientific requirements of the
laboratory.
The next two components relate to the probability of error. The

data could lead to a conclusion of similarity when the methods are
unacceptably different (as defined by d). This is called a false
positive or Type I error. The error could also be in the other
direction; that is, the methods could be similar, but the data do not
permit that conclusion. This is a false negative or Type II error. With
statistical methods, it is not possible to completely eliminate the
possibility of either error. However, by choosing the sample size
appropriately, the probability of each of these errors can be made
acceptably small. The acceptable maximum probability of a Type I
error is commonly denoted as a and is commonly taken as 5%, but
may be chosen differently. The desired maximum probability of a
Type II error is commonly denoted by b. Often, b is specified
indirectly by choosing a desired level of 1 – b, which is called the
‘‘power’’ of the test. In the context of equivalency testing, power is
the probability of correctly concluding that two methods are
equivalent. Power is commonly taken to be 80% or 90%
(corresponding to a b of 20% or 10%), though other values may
be chosen. The protocol for the experiment should specify d, a, and
power. The sample size will depend on all of these components. An
example is given in Appendix E. Although Appendix E determines
only a single value, it is often useful to determine a table of sample
sizes corresponding to different choices of d, a, and power. Such a
table often allows for a more informed choice of sample size to better
balance the competing priorities of resources and risks (false
negative and false positive conclusions).

Change to read:

4 In general, the sample size required to compare the precision of two
methods will be greater than that required to compare the accuracy of the
methods.
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APPENDIX B: PRECISION STUDY

Table 1 displays data collected from a precision study. This study
consisted of five independent runs and, within each run, results from
three replicates were collected.
Performing an analysis of variance (ANOVA) on the data in Table

1 leads to the ANOVA table (Table 1A). Because there were an equal
number of replicates per run in the precision study, values for
VarianceRun and VarianceRep can be derived from the ANOVA table in
a straightforward manner. The equations below calculate the
variability associated with both the runs and the replicates where
the MSwithin represents the ‘‘error’’ or ‘‘within-run’’ mean square, and
MSbetween represents the ‘‘between-run’’ mean square.

VarianceRep = MSwithin = 0.102

&[NOTE—It is common practice to use a value of 0 for

VarianceRun when the calculated value is negative.]&1S (USP32)
Estimates can still be obtained with unequal replication, but the
formulas are more complex.

&Nevertheless, many statistical software packages can easily

handle unequal replication.&1S (USP32)
Studying the relative magnitude of the two variance components is
important when designing and interpreting a precision study. For
example, for these data the between-run component of variability is
much larger than the within-run component. This suggests that
performing additional runs would be more beneficial to reducing
variability than performing more replication per run (see Table 2).

&The insight gained can be used to focus any ongoing method

improvement effort and, more important, it can be used to

ensure that methods are capable of supporting their intended

uses. By carefully defining what constitutes a result (i.e.,

reportable value), one harnesses the power of averaging to

achieve virtually any desired precision. That is, by basing the

reportable value on an average across replicates and/or runs,

rather than on any single result, one can reduce the %RSD,

and reduce it in a predictable fashion.&1S (USP32)
Table 2 shows the computed variance and RSD

&%RSD&1S (USP32)
of the mean (i.e., of the reportable value) for different combinations
of number of runs and number of replicates per run using the
following formulas:

For example, the Variance of the mean, Standard deviation of the
mean, and RSD

&%RSD&1S (USP32)
of a test involving two runs and three replicates per each run are
0.592, 0.769, and 0.76% respectively, as shown below.

Where

&where&1S (USP32)
100.96 is the mean for all the data points in Table 1. As illustrated in
Table 2, increasing the number of runs from one to two provides a
more dramatic reduction in the variability of the reportable value
than does increasing the number of replicates per run.
No distributional assumptions were made on the data in Table 1,

as the purpose of this Appendix is to illustrate the calculations
involved in a precision study.
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Change to read:

APPENDIX C: EXAMPLES OF OUTLIER
TESTS FOR ANALYTICAL DATA

Given the following set of 10 measurements: 100.0, 100.1, 100.3,
100.0, 99.7, 99.9, 100.2, 99.5, 100.0, and 95.7 (mean = 99.5,
standard deviation = 1.369), are there any outliers?

Generalized Extreme Studentized Deviate (ESD) Test

This is a modified version of the ESD Test that allows for testing
up to a previously specified number, r, of outliers from a normally
distributed population.

&For the detection of a single outlier (r = 1), the generalized

ESD procedure is also known as Grubb’s test. Grubb’s test

is not recommended for the detection of multiple

outliers.&1S (USP32)
Let r equal 2, and n equal 10.
Stage 1 (n = 10)—Normalize each result by subtracting the mean

from each value and dividing this difference by the standard
deviation (see Table 3).5
Take the absolute value of these results, select the maximum value

(|R1| = 2.805), and compare it to a previously specified tabled critical
value l1 (2.290) based on the selected significance level (for
example, 5%). The maximum value is larger than the tabled value
and is identified as being inconsistent with the remaining data.
Sources for l-values are included in many statistical textbooks.
Caution should be exercised when using any statistical table to
ensure that the correct notations (i.e., level of acceptable error) are
used when extracting table values.
Stage 2 (n = 9)—Remove the observation corresponding to the

maximum absolute normalized result from the original data set, so
that n is now 9. Again, find the mean and standard deviation (Table
3, right two columns), normalize each value, and take the absolute
value of these results. Find the maximum of the absolute values of
the 9 normalized results (|R2| = 1.905), and compare it to l2 (2.215).
The maximum value is not larger than the tabled value.
Conclusion—The result from the first stage, 95.7, is declared to be

an outlier, but the result from the second stage, 99.5, is not an outlier.

Dixon-Type Tests

Similar to the ESD test, the two smallest values will be tested as
outliers; again assuming the data come from a single normal
population.

&Dixon’s Test can be one-sided or two-sided, depending on

an a priori decision as to whether outliers will be considered

on one side only. As with the ESD Test, Dixon’s Test assumes

that the data, in the absence of outliers, come from a single

normal population. Following the strategy used for the ESD

Test, we proceed as if there were no a priori decision as to

side, and so use a two-sided Dixon’s Test. From examination

of the example data, we see that it is the two smallest that are

to be tested as outliers.&1S (USP32)

Stage 1 (n = 10)—The results are ordered on the basis of their
magnitude (i.e., Xn is the largest observation, Xn–1 is the second
largest, etc., and X1 is the smallest observation). Dixon’s Test has
different ratios based on the sample size (in this example, with n =
10), to declare X1 an outlier, the following ratio, r11, is calculated by
the formula:

A different ratio would be employed if the largest data point was
tested as an outlier. The r11 result is compared to an r11, 0.05 value in a
table of critical values. If r11 is greater than r11, 0.05, then it is declared
an outlier. For the above set of data, r11 = (99.5 – 95.7)/(100.2 – 95.7)
= 0.84. This ratio is greater than r11, 0.05, which is 0.534 at the 5%
significance level for a two-sided Dixon’s Test. Sources for r11, 0.05
values are included in many statistical textbooks.
Stage 2—Remove the smallest observation from the original data

set, so that n is now 9. The same r11 equation is used, but a new
critical r11, 0.05 value for n = 9 is needed (r11, 0.05 = 0.570). Now r11 =
(99.7 – 99.5)/(100.2 – 99.5) = 0.29, which is less than r11, 0.05 and not
significant at the 5% level.
Conclusion—Therefore, 95.7 is declared to be an outlier. This

stepwise procedure is not an exact procedure for testing for the
second outlier as the result of the second test is conditional upon the
first. Because the sample size is also reduced in the second stage, the
end result is a procedure that usually lacks the sensitivity of the exact
procedures that Dixon provides for testing for two outliers
simultaneously; however, these procedures are beyond the scope
of this Appendix.

Hampel’s Rule

Step 1—The first step in applying Hampel’s Rule is to normalize
the data. However, instead of subtracting the mean from each data
point and dividing the difference by the standard deviation, the
median is subtracted from each data value and the resulting
differences are divided by MAD (see below). The calculation of
MAD is done in three stages. First, the median is subtracted from
each data point. Next, the absolute values of the differences are
obtained. These are called the absolute deviations. Finally, the
median of the absolute deviations is calculated and multiplied by the
constant 1.483 to obtain MAD.6

Step 2—The second step is to take the absolute value of the
normalized data. Any such result that is greater than 3.5 is declared
to be an outlier. Table 4 summarizes the calculations.
The value of 95.7 is again identified as an outlier. This value can

then be removed from the data set and Hampel’s Rule re-applied to
the remaining data. The resulting table is displayed as Table 5.
Similar to the previous examples, 99.5 is not considered an outlier.

5 The difference between each value and the mean is termed the residual.
Other Studentized residual outlier tests exist where the residual, instead of
being divided by the standard deviation, can be divided by the standard
deviation times the square root of n –1 divided by n.

6 Assuming an underlying normal distribution, 1.483 is a constant used so
that the resulting MAD is a consistent estimator of the population standard
deviation. This means that as the sample size gets larger, 1.483 6 MAD
&MAD&1S (USP32)
gets closer to the population standard deviation.

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 769



Black plate (770,1)

Change to read:

APPENDIX D: COMPARISON OF METHODS—
PRECISION

The following example illustrates the calculation of a 90%
confidence interval for the ratio of (true) variances for the purpose of
comparing the precision of two methods. It is assumed that the
underlying distribution of the sample measurements are well-
characterized by normal distributions. For this example, assume
the laboratory will accept the alternative method if its precision (as
measured by the variance) is no more than four-fold greater than that
of the current method.
To determine the appropriate sample size for precision, one

possible method involves a trial and error approach using the
following formula:

where n is the smallest sample size required to give the desired
power, which is the likelihood of correctly claiming the alternative
method has acceptable precision when in fact the two methods have
equal precision; a is the risk of wrongly claiming the alternative
method has acceptable precision; and the 4 is the allowed upper limit
for an increase in variance. F-values are found in commonly
available tables of critical values of the F-distribution. Fa,n–1,n–1 is the
upper a percentile of an F-distribution with n – 1 numerator and n –
1 denominator degrees of freedom; that is, the value exceeded with
probability a. Suppose initially the laboratory guessed a sample size
of 11 per method was necessary (10 numerator and denominator
degrees of freedom); the power calculation would be as follows:7

In this case the power was only 63%;

&68%;&1S (USP32)
that is, even if the two methods had exactly equal variances, with
only 11 samples per method, there is only a 63%

&68%&1S (USP32)
chance that the experiment will lead to data that permit a conclusion
of no more than a four-fold increase in variance. Most commonly,
sample size is chosen to have at least 80% power, with choices of

90% power or higher also used. To determine the appropriate sample
size, various numbers can be tested until a probability is found that
exceeds the acceptable limit (e.g., power 40.90). For example, the
power determination for sample sizes of 12–20 are displayed in
Table 6. In this case, the initial guess at a sample size of 11 was not
adequate for comparing precision, but 15 samples per method would
provide a large enough sample size if 80% power were desired, or 20
per method for 90% power.
Typically the sample size for precision comparisons will be larger

than for accuracy comparisons. If the sample size for precision is so
large as to be impractical for the laboratory to conduct the study,
there are some options. The first is to reconsider the choice of an
allowable increase in variance. For larger allowable increases in
variance, the required sample size for a fixed power will be smaller.
Another alternative is to plan an interim analysis at a smaller sample
size, with the possibility of proceeding to a larger sample size if
needed. In this case, it is strongly advisable to seek professional help
from a statistician.
Now, suppose the laboratory opts for 90% power and obtains the

results presented in Table 7 based on the data generated from 20
independent runs per method.

Ratio = alternative method variance/current method variance = 45.0/
25.0 = 1.8

Lower limit of confidence interval = ratio/F.05 = 1.8/2.168 = 0.83

Upper limit of confidence interval = ratio/F.95 = 1.8/0.461 = 3.90

For this application, a 90% (two-sided) confidence interval is used
when a 5% one-sided test is sought. The test is one-sided, because
only an increase in standard deviation of the alternative method is of
concern. Some care must be exercised in using two-sided intervals in
this way, as they must have the property of equal tails—most
common intervals have this property. Because the one-side upper
confidence limit, 3.90, is less than the allowed limit, 4.0, the study
has demonstrated that the alternative method has acceptable
precision. If the same results had been obtained from a study with
a sample size of 15—as if 80% power had been chosen—the
laboratory would not be able to conclude that the alternative method
had acceptable precision (upper confidence limit of 4.47).

Change to read:

APPENDIX E: COMPARISON OF METHODS—
DETERMINING THE LARGEST ACCEPTABLE
DIFFERENCE, d, BETWEEN TWO METHODS

This Appendix describes one approach to determining the
difference, d, between two methods (alternative-current), a differ-
ence that, if achieved, still leads to the conclusion of equivalence
between the two methods. Without any other prior information to
guide the laboratory in the choice of d, it is a reasonable way to
proceed. Sample size calculations under various scenarios are
discussed in this Appendix.

Tolerance Interval Determination

Suppose the process mean and the standard deviation are both
unknown, but a sample of size 50 produced a mean and standard
deviation of 99.5 and 2.0, respectively. These values were calculated7 This could be calculated using a computer spreadsheet. For example, in

Microsoft1 Excel the formula would be: FDIST((R/A)*FINV(alpha, n–1,
n–1), n – 1, n – 1), where R is the ratio of variances at which to determine
power (e.g., R = 1, which was the value chosen in the power calculations
provided in the above table) and A is the maximum ratio for acceptance (e.g.,
A = 4). Alpha is the significance level, typically 0.05.
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using the last 50 results generated by this specific method for a
particular (control) sample. Given this information, the tolerance
limits can be calculated by the following formula:

x + Ks

in which x is the mean; s is the standard deviation; and K is based on
the level of confidence, the proportion of results to be captured in the
interval, and the sample size, n. Tables providing K values are
available. In this example, the value of K required to enclose 95% of
the population with 95% confidence for 50 samples is 2.382.8The
tolerance limits are calculated as follows:

99.5+ 2.3826 2.0

hence, the tolerance interval is (94.7, 104.3).

Comparison of the Tolerance Limits to the
Specification Limits

Assume the specification interval for this method is (90.0, 110.0)
and the process mean and standard deviation have not changed since
this interval was established. The following quantities can be
defined: the lower specification limit (LSL) is 90.0, the upper
specification limit (USL) is 110.0, the lower tolerance limit (LTL) is
94.7, and the upper tolerance limit (UTL) is 104.3. Calculate the
acceptable difference, (d), in the following manner:
A = LTL – LSL for LTL � LSL
(A = 94.7 – 90.0 = 4.7);
B = USL – UTL for USL � UTL
(B = 110.0 – 104.3 = 5.7); and
d = minimum (A, B) = 4.7.

Figure 2. A graph of the quantities calculated above.

With this choice of d, and assuming the two methods have
comparable precision, the confidence interval for the difference in
means between the two methods (alternative-current) should fall
within –4.7 and +4.7 to claim that no important difference exists
between the two methods.
Quality control analytical laboratories sometimes deal with 99%

tolerance limits, in which cases the interval will widen. Using the
previous example, the value of K required to enclose 99% of the
population with 99% confidence for 50 samples is 3.390. The
tolerance limits are calculated as follows:

99.5+ 3.3906 2.0

The resultant wider tolerance interval is (92.7, 106.3). Similarly, the
new LTL of 92.7 and UTL of 106.3 would produce a smaller d:
A = LTL – LSL for LTL � LSL
(A = 92.7 – 90.0 = 2.7);
B = USL – UTL for USL � UTL
(B = 110.0 – 106.3 = 3.7); and
d = minimum (A, B) = 2.7.
Choosing a larger d leads to a smaller nbut at the cost of

increasing the risk ofreaching the wrong conclusion.

&Though a manufacturer may choose any d that serves

adequately in the determination of equivalence, the choice of

a larger d, while yielding a smaller n, may risk a loss of

capacity for discriminating between methods.&1S (USP32)

Sample Size

Formulas are available that can be used for a specified d, under the
assumption that the population variances are known and equal, to
calculate the number of samples required to be tested per method, n.
The level of confidence and power must also be specified. [NOTE—
Power refers to the probability of correctly concluding that two
identical methods are equivalent.] For example, if d = 4.7, and the
two population variances are assumed to equal 4.0, then, for a 5%
level test9 and 80% power (with associated z-values of 1.645 and
1.282, respectively), the sample size is approximated by the
following formula:

Thus, assuming each method has a population variance, s2, of 4.0,
the number of samples, n, required to conclude with 80% probability
that the two methods are equivalent (90% confidence interval for the
difference in the true means falls between –4.7 and +4.7) when in
fact they are identical (the true mean difference is zero) is 4. Because
the normal distribution was used in the above formula, 4 is actually a
lower bound on the needed sample size. If feasible, one might want
to use a larger sample size. Values for z for common confidence
levels are presented in Table 8. The formula above makes three
assumptions: 1) the variance used in the sample size calculation is
based on a sufficiently large amount of prior data to be treated as
known; 2) the prior known variance will be used in the analysis of
the new experiment, or the sample size for the new experiment is
sufficiently large so that the normal distribution is a good
approximation to the t distribution; and 3) the laboratory is confident
that there is no actual difference in the means, the most optimistic
case. It is not common for all three of these assumptions to hold. The
formula above should be treated most often as an initial
approximation. Deviations from the three assumptions will lead to
a larger required sample size. In general, we recommend seeking
assistance from someone familiar with the necessary methods.
When a log transformation is required to achieve normality, the

sample size formula needs to be slightly adjusted as shown below.
Instead of formulating the problem in terms of the population
variance and the largest acceptable difference, d, between the two
methods, it now is formulated in terms of the population RSD

&%RSD&1S (USP32)
and the largest acceptable proportional difference between the two
methods.

where

8 There are existing tables of tolerance factors that give approximate values
and thus differ slightly from the values reported here.

9 When testing equivalence, a 5% level test corresponds to a 90% confidence
interval.
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and r represents the largest acceptable proportional difference
between the two methods ((alternative-current)/current), and the
population RSDs

&%RSDs&1S (USP32)
are assumed known and equal.

Change to read:

APPENDIX F: ADDITIONAL SOURCES OF
INFORMATION

There may be a variety of statistical tests that can be used to
evaluate any given set of data. This chapter presents several tests for
interpreting and managing analytical data, but many other similar
tests could also be employed. The chapter simply illustrates the
analysis of data using statistically acceptable methods. As mentioned
in the Introduction, specific tests are presented for illustrative
purposes, and USP does not endorse any of these tests as the sole
approach for handling analytical data. Additional information and
alternative tests can be found in the references listed below or in
many statistical textbooks.
Control Charts:

1. Manual on Presentation of Data and Control Chart Analysis,
6th ed., American Society for Testing and Materials (ASTM),
Philadelphia, 1996.

2. Grant, E.L., Leavenworth, R.S., Statistical Quality Control, 7th

ed., McGraw-Hill, New York, 1996.
3. Montgomery, D.C., Introduction to Statistical Quality Control,

3rd ed., John Wiley and Sons, New York, 1997.
4. Ott, E., Schilling, E., Neubauer, D., Process Quality Control:

Troubleshooting and Interpretation of Data, 3rd ed., McGraw-
Hill, New York, 2000.

Detectable Differences and Sample Size Determination:
1. CRC Handbook of Tables for Probability and Statistics, 2nd ed.,

Beyer W.H., ed., CRC Press, Inc., Boca Raton, FL, 1985.
2. Cohen, J., Statistical Power Analysis for the Behavioral

Sciences, 2nd ed., Lawrence Erlbaum Associates, Hillsdale, NJ,
1988.

&3. Diletti, E., Hauschke, D., Steinijans, V.W., ‘‘Sample size

determination for bioequivalence assessment by means of

confidence intervals,’’ International Journal of Clinical

Pharmacology, Therapy and Toxicology, 1991; 29,

1–8.&1S (USP32)
4. Fleiss, J.L., The Design and Analysis of Clinical Experiments,

John Wiley and Sons, New York, 1986, pp. 369–375.
5. Juran, J.A., Godfrey, B., Juran’s Quality Handbook, 5th ed.,

McGraw-Hill, 1999, Section 44, Basic Statistical Methods.
6. Lipsey, M.W., Design Sensitivity Statistical Power for Exper-

imental Research, Sage Publications, Newbury Park, CA, 1990.
7. Montgomery, D.C., Design and Analysis of Experiments, John

Wiley and Sons, New York, 1984.
8. Natrella, M.G., Experimental Statistics Handbook 91, National

Institute of Standards and Technology, Gaithersburg, MD, 1991
(reprinting of original August 1963 text).

9. Kraemer, H.C., Thiemann, S., How Many Subjects?: Statistical
Power Analysis in Research, Sage Publications, Newbury Park,
CA, 1987.

10. van Belle G., Martin, D.C., ‘‘Sample size as a function of
coefficient of variation and ratio of means’’, American
Statistician 1993; 47(3): 165–167.

11. Westlake, W.J., response to Kirkwood, T.B.L.: ‘‘Bioequivalence
testing—a need to rethink,’’ Biometrics 1981; 37 : 589–594.

General Statistics Applied to Pharmaceutical Data:
1. Bolton, S., Pharmaceutical Statistics: Practical and Clinical

Applications, 3rd ed., Marcel Dekker, New York, 1997.
2. Bolton, S., ‘‘Statistics’’ Remington: The Science and Practice of

Pharmacy, 20th ed., Gennaro, A.R., ed., Lippincott Williams and
Wilkins, Baltimore, 2000, pp. 124–158.

3. Buncher, C.R., Tsay, J., Statistics in the Pharmaceutical
Industry, Marcel Dekker, New York, 1981.

4. Natrella, M.G., Experimental Statistics Handbook 91, National
Institute of Standards and Technology (NIST), Gaithersburg,
MD, 1991 (reprinting of original August 1963 text).

5. Zar, J., Biostatistical Analysis, 2nd ed., Prentice Hall, Engle-
wood Cliffs, NJ, 1984.

General Statistics Applied to Analytical Laboratory Data:
1. Gardiner, W.P., Statistical Analysis Methods for Chemists, The

Royal Society of Chemistry, London, England, 1997.
2. Kateman, G., Buydens, L., Quality Control in Analytical

Chemistry, 2nd ed., John Wiley and Sons, New York, 1993.
3. Kenkel, J., A Primer on Quality in the Analytical Laboratory,

Lewis Publishers, Boca Raton, FL, 2000.
4. Mandel, J., Evaluation and Control of Measurements, Marcell

Dekker, New York, 1991.
5. Melveger, A.J., ‘‘Statististics in the pharmaceutical analysis

laboratory,’’ Analytical Chemistry in a GMP Environment,
Miller J.M., Crowther J.B., eds., John Wiley and Sons, New
York, 2000.

6. Taylor, J.K., Statistical Techniques for Data Analysis, Lewis
Publishers, Boca Raton, FL, 1990.

&7. Thode, H.C., Jr., Testing for Normality, Marcel Dekker,

New York, NY, 2002.&1S (USP32)

8. Taylor, J.K., Quality Assurance of Chemical Measurements,
Lewis Publishers, Boca Raton, FL, 1987.

9. Wernimont, G.T., Use of Statistics to Develop and Evaluate
Analytical Methods, Association of Official Analytical Chemists
(AOAC), Arlington, VA, 1985.

10. Youden, W.J., Steiner, E.H., Statistical Manual of the AOAC,
AOAC, Arlington, VA, 1975.

Nonparametric Statistics:
1. Conover, W.J., Practical Nonparametric Statistics, 3rd ed., John

Wiley and Sons, New York, 1999.
2. Gibbons, J.D., Chakraborti, S., Nonparametric Statistical

Inference, 3rd ed., Marcel Dekker, New York, 1992.
3. Hollander, M., Wolfe, D., Nonparametric Statistical Methods,

2nd ed., John Wiley and Sons, NY, 1999.
Outlier Tests:

1. Barnett, V., Lewis, T., Outliers in Statistical Data, 3rd ed., John
Wiley and Sons, New York, 1994.

2. Davies, L., Gather, U., ‘‘The identification of multiple outliers,’’
Journal of the American Statistical Association (with com-
ments), 1993; 88 : 782–801.

3. Dixon, W.J., ‘‘Processing data for outliers,’’ Biometrics 1953;
9(1):74–89.

4. Grubbs, F.E., ‘‘Procedures for detecting outlying observations
in samples,’’ Technometrics 1969; 11 : 1–21.

5. Hampel, F.R., ‘‘The breakdown points of the mean combined
with some rejection rules,’’ Technometrics, 1985; 27 : 95–107.

6. Hoaglin, D.C., Mosteller, F., Tukey, J., eds., Understanding
Robust and Exploratory Data Analysis, John Wiley and Sons,
New York, 1983.

7. Iglewicz B., Hoaglin, D.C., How to Detect and Handle
Outliers, American Society for Quality Control Quality Press,
Milwaukee, WI, 1993.

8. Rosner, B., ‘‘Percentage points for a generalized ESD many-
outlier procedure,’’ Technometrics, 1983; 25: 165–172.

9. Standard E-178-94: Standard Practice for Dealing with
Outlying Observations, American Society for Testing and
Materials (ASTM), West Conshohoken, PA, September 1994.

10. Rorabacher, D.B., ‘‘Statistical Treatment for Rejections of
Deviant Values: Critical Values of Dixon’s ‘‘Q’’ Parameter and
Related Subrange Ratios at the 95% Confidence Level,’’
Analytical Chemistry, 1991; 63(2): 139–146.
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Precision and Components of Variability:
1. Hicks, C.R., Turner, K.V., Fundamental Concepts in the Design

of Experiments, 5th ed., Oxford University Press, 1999 (section
on Repeatability and Reproducibility of a Measurement
System).

2. Kirk, R.E., Experimental Design: Procedures for the Behav-
ioral Sciences, Brooks/Cole, Belmont, CA, 1968, pp. 61–63.

3. Kirkwood, T.B.L., ‘‘Geometric means and measures of
dispersion,’’ Letter to the Editor, Biometrics, 1979; 35(4).

4. Milliken, G.A., Johnson, D.E., Analysis of Messy Data, Volume
1: Designed Experiments, Van Nostrand Reinhold Company,
New York, NY, 1984, pp. 19–23.

5. Searle, S.R., Casella, G., McCulloch, C.E., Variance Compo-
nents, John Wiley and Sons, New York, 1992.

6. Snedecor, G.W., Cochran, W.G., Statistical Methods, 8th ed.,
Iowa State University Press, Ames, IA, 1989.

7. Standard E-691-87: Practice for Conducting an Interlabora-
tory Study to Determine the Precision of a Test Method, ASTM,
West Conshohoken, PA, 1994.

&8. Hauck, W. W., Koch, W., Abernethy, D., Williams, R.

‘‘Making Sense of Trueness, Precision, Accuracy, and

Uncer ta in ty, ’’ Pharmacopeia l Forum, 2008;

34(3).&1S (USP32)

Tolerance Interval Determination:
1. Hahn, G.J., Meeker, W.Q., Statistical Intervals: A Guide for

Practitioners, John Wiley and Sons, New York, 1991.
2. Odeh, R.E., ‘‘Tables of two-sided tolerance factors for a normal

distribution,’’ Communications in Statistics: Simulation and
Computation, 1978; 7: 183–201.

Change to read:

TABLES

Table 1. Data from a Precision Study

Replicate
Number

Run Number
1 2 3 4 5

1 100.70 99.46 99.96 101.80 101.91
2 101.05 99.37 100.17 102.16 102.00
3 101.15 99.59 101.01 102.44 101.67

Mean 100.97 99.47 100.38 102.13 101.86
Standard Deviation 0.236 0.111 0.556 0.321 0.171

&%&1S (USP32)

RSD1 0.234% 0.111% 0.554% 0.314% 0.167%

1 RSD
&%RSD (percent&1S (USP32)

Table 1A. Analysis of Variance Table for Data Presented in Table 1

Source of
Variation

Degrees of Freedom
(df)

Sum of Squares
(SS)

Mean Squares1

(MS) F =MSB /MSW

Between Runs 4 14.200 3.550 34.80

&34.886&1S (USP32)

Within Runs 10 1.018 0.102
Total 14 15.217

1 The Mean Squares Between (MSB) = SSBetween/dfBetween and the Mean Squares Within (MSW) = SSWithin/dfWithin
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Table 2. Computed Variance and RSD of the Mean

No. of
Runs

No. of
Replicates

Precision of the Mean Corresponding to Various Test Plans
(# of Runs, # of Reps per Run)

Variance
of the Mean

SD of the
Mean Mean1 RSD (%)

1 1 1.251 1.118 100.96 1.11
1 2 1.200 1.095 100.96 1.09
1 3 1.183 1.088 100.96 1.08
2 1 0.625 0.791 100.96 0.78
2 2 0.600 0.775 100.96 0.77
2 3 0.592 0.769 100.96 0.76

1 Sample mean is based on the 15 data points presented in Table 1.

&Table 2. The Predicted Impact of the Test Plan (No. of Runs and No. of Replicates per Run) on the Precision of the Mean

No. of
Runs

No. of
Replicates per Run

Variance
of the Mean

SD of the
Mean % RSD1

1 1 1.251 1.118 1.11
1 2 1.200 1.095 1.09
1 3 1.183 1.088 1.08
2 1 0.625 0.791 0.78
2 2 0.600 0.775 0.77
2 3 0.592 0.769 0.76

1 A mean value of 100.96, based on the 15 data points presented in Table 1, was used (as the divisor) to compute the %RSD.

&1S (USP32)

Table 3. Generalized ESD Test Results

n = 10 n = 9
Data Normalized Data Normalized

100.3 +0.555 100.3 +1.361
100.2 +0.482 100.2 +0.953
100.1 +0.409 100.1 +0.544
100.0 +0.336 100.0 +0.136
100.0 +0.336 100.0 +0.136
100.0 +0.336 100.0 +0.136
99.9 +0.263 99.9 –0.272
99.7 +0.117 99.7 –1.089
99.5 –0.029 99.5 –1.905
95.7 –2.805

Mean = 99.54 99.95
SD = 1.369 0.245

Table 4. Test Results Using Hampel’s Rule

n = 10

Data

Deviations
from the
Median

Absolute
Deviations

Absolute
Normalized

100.3 0.3 0.3 1.35
100.2 0.2 0.2 0.90
100.1 0.1 0.1 0.45
100 0 0 0
100 0 0 0
100 0 0 0
99.9 –0.1 0.1 0.45
99.7 –0.3 0.3 1.35
99.5 –0.5 0.5 2.25
95.7 –4.3 4.3 19.33

Median = 100 0.15
MAD = 0.22
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Table 5. Test Results of Re-Applied Hampel’s Rule

n = 9

Data

Deviations
from the
Median

Absolute
Deviations

Absolute
Normalized

100.3 0.3 0.3 2.02
100.2 0.2 0.2 1.35
100.1 0.1 0.1 0.67
100 0 0 0
100 0 0 0
100 0 0 0
99.9 –0.1 0.1 0.67
99.7 –0.3 0.3 2.02
99.5 –0.5 0.5 3.37

Median = 100 0.1
MAD = 0.14

Table 6. Power Determinations for Various Sample Sizes (Specific to the Example in Appendix D)

Sample Size Pr[F 4¼ F0.05, n-1, n-1]
12 0.7145
13 0.7495
14 0.7807
15 0.8083
16 0.8327
17 0.8543
18 0.8732
19 0.8899
20 0.9044

Table 7. Example of Measures of Variance for Independent Runs (Specific to the Example in Appendix D)

Method

Variance
(standard deviation)

Sample
Size

Degrees of
Freedom

Alternative 45.0 (6.71) 20 19
Current 25.0 (5.00) 20 19

Table 8. Common Values for a Standard Normal Distribution

z-values
Confidence level One-sided (a) Two-sided (a/2)

99% 2.326 2.576
95% 1.645 1.960
90% 1.282 1.645
80% 0.842 1.282
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BRIEFING

h1024i Bovine Serum. Because there is no information in the USP
on this subject, it is proposed to add this general information chapter
that discusses considerations in the manufacture of bovine serum and
how the attributes of the different types of bovine serum are charac-
terized.

(BB CGT: F. Atouf) RTS—C49113

Add the following:

&h1024i BOVINE SERUM

INTRODUCTION

Bovine serum is the liquid fraction of clotted blood, ob-

tained from an ox (Bos taurus, among others), that has been

depleted of cells, fibrin, and clotting factors. Since the advent

of modern cell culture, manufacturers have used bovine serum

extensively as a cell culture growth supplement. Its rich nutri-

tional composition of proteins, growth factors, hormones, ami-

no acids, vitamins, sugars, lipids, trace elements, and other

components supports a broad range of cell culture applications

in research and commercial manufacture of natural source and

recombinant biologics (hereafter biologics) intended for hu-

man or veterinary use. The predominant type of serum used

in research applications is fetal bovine serum (FBS). Calf se-

rum (from newborn and older animals) is used much less fre-

quently, but may be widely used in commercial manufacturing

because of its lower cost.

As is the case with other animal-derived products, bovine

serum carries a potential risk of introducing extraneous agents

into the cell culture. Manufacturers and regulators must adopt

rigorous sourcing and testing procedures and strict processing

and production guidelines to ensure the quality of bovine se-

rum.

The desire to increase the quality and safety of biologics

produced with bovine serum, coupled with attempts to miti-

gate regulatory burden, have diminished the use of bovine se-

rum in the commercial manufacture of biologics. Although

manufacturers sometimes can use serum-free culture, they of-

ten require serum for cell culture applications.

This chapter describes issues related to the production,

sourcing, and characterization of bovine serum to ensure its

safe use. A list of relevant regulatory and guidance documents

is presented in Appendix 1.Manufacturers should consider and

apply as needed the controls and procedures outlined in this

chapter to ensure the safe use of bovine serum components

in research and pharmaceutical manufacturing.

Types of Bovine Serum

� FBS is obtained from the fetuses of healthy, prepartum bo-

vine dams that have been deemed fit for human consump-

tion through ante- and postmortem inspection by licensed

veterinarians. It is collected in government-inspected and

registered slaughterhouses. No processing of the collected

FBS, including the addition of preservatives, is allowed.

� Newborn calf serum is obtained at slaughter from animals

aged less than 20 days.

� Calf serum is obtained at slaughter from animals aged be-

tween 20 days and 12 months.

� Donor bovine serum is obtained by the repeated bleeding

of donor animals from controlled donor herds. The ani-

mals are 12–36 months old.

� Adult bovine serum is obtained at slaughter from cattle,

aged 12–36 months, that are declared fit for human con-

sumption.
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USES OF BOVINE SERUM

History of Bovine Serum Use

Animal serum and other complex biological materials have

been employed in the cultivation of mammalian cells for ap-

proximately 100 years. Several factors led to the wide adop-

tion of bovine serum as a standard tissue culture supplement.

In comparison to serum from other animal species (horse,

goat), bovine serum is easily sourced, and therefore more af-

fordable. Many investigators chose to use fetal serum in their

experimental systems because of concerns associated with an-

tibodies present in newborn and adult serum that could cross-

react with cells in culture and cause cell lysis through comple-

ment-mediated pathways. To eliminate that concern, heat was

introduced to inactivate any complement that was potentially

present in the serum. Studies of FBS undertaken in the 1950s

on the cultivation of low-density human cells to elucidate

mechanisms of cell growth found that (a) the albumin compo-

nent may serve as a carrier of essential small molecules, (b)

fetuin, a glycoprotein present at high levels in the g-globulin

fraction facilitates cell attachment and stretching, and (c) fe-

tuin markedly inhibits trypsin, and this anti-proteolytic activ-

ity may play a role in the ability of fetuin to stimulate cell

growth.

In the 1960s and 70s, serum supplementation of tissue cul-

ture media became the norm, thus facilitating biomedical re-

search as well as the first large scale vaccine manufacturing

processes. Serum supplementation reduced the requirement

to optimize medium formulations for different cell types.

FBS was shown to provide a variety of polypeptide growth

factors. Albumin promoted cell culture presumably because

of its abilities to function as a carrier protein for small mole-

cules or lipids, to bind metal ions, to serve as a pH buffer, and

to protect cells against shear. Similar functions were found for

other serum components such as transferrin, hormones, and

other serum-derived attachment factors such as fibronectin

and laminin.

Uses of Bovine Serum

Serum is a complex mixture of macromolecules that are re-

quired for cell growth and virus production, and its use as a

raw material presents a number of challenges. These include

its batch-to-batch composition and the risk of contamination

by adventitious agents. The development of serum-free media

has led to the replacement of serum in some new biotechnol-

ogy manufacturing settings, but many cell lines used in viral

vaccine manufacturing and gene therapy have not been adapt-

ed to these media. Regulatory constraints and scientific chal-

lenges generally make it impractical to alter existing

manufacturing processes in which serum is used as a raw ma-

terial.

FBS sometimes is required in cell and tissue bioprocessing,

which often involves the cultivation of cells from tissue ex-

plants and biopsies. Bioprocessing also may require the main-

tenance of specific cellular characteristics during cultivation.

FBS often appears to facilitate such procedures and may affect

the biological behavior of fastidious cell types such as stem

cells. FBS influences apoptosis and apoptosis-related gene ex-

pression in porcine parthenotes developing in culture. FBS

will continue to play an important role as a cell culture supple-

ment for production of cellular products and gene therapies

until serum-free culture conditions are developed for all bio-

logical procedures and products.

In most viral vaccine manufacturing processes the media

used for cell culture expansion and virus infection/production

are supplemented with different types of serum at different

concentrations. In these processes bovine serum helps gener-

ate a mass of cells in an optimal physiological state for effi-

cient viral replication.

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 777

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Black plate (778,1)

BOVINE SERUM HARVESTING AND PRODUCTION

Harvesting

For all types of bovine serum, trained personnel should per-

form blood collection following procedures approved by the

United States Department of Agriculture (USDA) and using

either disposable collection devices or reusable equipment

for which cleaning procedures have been validated.

DONOR BOVINE SERUM

For each lot of serum from donor animals, manufacturers

should ensure traceability to the donor herd of origin via health

and origin certificates. Donor animals are subjected to quarter-

ly veterinary inspections and are bled multiple times following

established procedures. Animals introduced into the herd

should be traceable by source, breeding, and rearing history.

Breeders should introduce new animals into the herd follow-

ing specified procedures that include a quarantine period and

should not vaccinate donor animals for bovine viral diarrhea

(BVD). They should test animals for any agent and antibody

from which the herd is claimed to be free.

NEWBORN CALF SERUM, CALF SERUM, AND ADULT BOVINE

SERUM

Health and origin certificates should ensure that manufac-

turers can trace bovine serum derived from slaughtered ani-

mals back to the abattoir. Manufacturers must require

abattoirs to maintain documentation of the origin of animals

for slaughter. Manufacturers should collect blood from ani-

mals that have been slaughtered for human consumption in

abattoirs inspected by the competent authority of the country

of origin. Inspectors should routinely inspect animals, both an-

temortem and postmortem, to check for the clinical appear-

ance of infections and parasitic diseases and other animal

health-related problems or conditions. The animals must be

free of clinical evidence of infectious diseases at the time of

slaughter, and procedures must be in place to prevent cross-

contamination with other fluids and the environment. The

method of slaughter should be exsanguination. The method

for slaughtering adult cattle in US facilities by stunning should

be carried out by captive bolt. Air injection is prohibited. A

nonpenetrating, mushroom-shaped device is used to stun bo-

vine calves. Bovine fetuses are not stunned. If manufacturers

allow sourcing from countries where cases of bovine spongi-

form encephalopathy (BSE) have been detected, they must re-

quire use of a non-penetrating stunner for slaughter.

FETAL BOVINE SERUM

FBS product specifications and test procedures are present-

ed in the proposed chapter h90i Bovine Serum—Quality Attri-

butes and Functionality Tests. Vendors should collect fetal

bovine blood from bovine fetuses whose dams have been

slaughtered. The dams must have been deemed fit for human

consumption and must have been housed in abattoirs that were

inspected by the competent authority of the country of origin.

Inspectors should routinely examine animals, both antemor-

tem and postmortem, to check for the clinical appearance of

infections and parasitic diseases and other animal health-re-

lated problems or conditions. The animals must be free of cli-

nical evidence of infectious diseases at the time of slaughter.

Vendors should completely remove the womb and take it to a

dedicated space for fetal bovine blood harvest, evaluating the

fetus for signs of premature death, including bloating, discol-

oration, odor, deformation, or hair sloughing. They also

should check the amniotic fluid for color and clarity. Manufac-

turers should collect blood from acceptable fetuses by means

of cardiac puncture into a closed collection system using an

aseptic technique and should have procedures in place that

will prevent cross-contamination with other fluids and the en-

vironment.
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Collection and Processing

Trained personnel should perform collection and processing

activities following written and approved procedures. The se-

rum is processed, pooled, filtered, and filled into sterile con-

tainers. If the eventual manufacturing process will tolerate

serum that has been treated to inactivate viruses, then perform

appropriate inactivation procedures because viruses cannot be

completely eliminated by sterile filtration. Vendors must vali-

date their inactivation process against a range of relevant vi-

ruses, including BVD, because the latter is ubiquitous. The

most frequent method of inactivation is gamma irradiation.

SERUM PROCESSING

An important goal of processing bovine blood is to mini-

mize bacterial and mycoplasmal contamination. One strategy

is to process the blood quickly to prevent hemolysis, usually

after it is allowed to clot, and then to centrifuge it in a refrig-

erated centrifuge. Vendors then remove serum from the clot,

transfer it to labeled containers, and freeze the serum unless

it is filter-sterilized immediately.

POOLING

Because limited amounts of blood can be collected from

individual animals, vendors pool the serum from many ani-

mals in order to create commercial-size lots. Pools or lots of

donor bovine serum may consist of many separate collections

from individual members of the herd. Lots of FBS may consist

of pooled serum from thousands of animals.

FILTRATION

Vendors often mix thawed serum and sterile filter it through

0.2-mm (or smaller pore-size) filters, depending on the intend-

ed application. Companies must validate their filters to ensure

that they remove bacteria. Research has demonstrated that fil-

ters may remove some viruses, but cannot completely elimi-

nate all viruses. No studies have validated the ability of

filters to eliminate the causative agent of BSE. Suppliers fill

filtered serum into sterile containers by aseptic processing in

a suitably controlled environment.

ULTRAVIOLET (UV) TREATMENT

UV treatment is a much less effective inactivation method

than gamma irradiation. Manufacturers may use UV treatment

to inactivate viruses, mycoplasma, and bacteria, but they must

validate the process to demonstrate its efficacy. In addition,

both vendors and manufacturers of biologics must be aware

that UV treatment may have an adverse effect on serum utility

and should consider the effects of UV treatment for each ap-

plication accordingly.

DIALYSIS

Some companies use dialysis or dialfiltration to remove low

molecular weight components from serum.

HEAT INACTIVATION

Heat inactivation involves elevating the temperature of the

serum to� 568 for at least 30 minutes, to inactivate any com-

plement. Heat inactivation also may inactivate viruses, myco-

plasma, and bacteria, but it may have an adverse affect on

serum utility. Manufacturers must validate the procedure’s

suitability for specific applications. Heat inactivation provides

significantly less assurance of complement inactivation than

does irradiation; and if inactivation is a key objective, the user

should employ irradiation, not heat. Heat inactivation cannot

be substituted for gamma irradiation where inactivation of po-

tential virus, mycoplasma, and bacteria is a primary concern.
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IRRADIATION

Exposure of the serum to gamma irradiation is the most

common and effective method of inactivation. The most fre-

quently used minimum dose is 25 kilogray (kGy). Some coun-

tries specify higher dose requirements for imported serum.

Gamma irradiation may inactivate viruses, mycoplasma, and

bacteria, but manufacturers must validate inactivation for their

specific applications. Irradiation may have adverse effects on

serum utility, and these adverse effects tend to increase with

increasing doses.

Validation of gamma irradiation has two aspects: the dose

delivery in a defined load configuration and the inactivation

capacity. Critical parameters include temperature, packaging

configuration, dosimeter distribution, and defined minimum/

maximum dose received. Manufacturers use dosimeters to

monitor the established high-dose and low-dose positions in

each irradiation run. If the serum manufacturer makes inacti-

vation claims, these should be supported by clearance studies.

CHARCOAL STRIPPING

Some vendors use charcoal/dextran treatment to reduce the

levels of hormones in serum.

VIRAL CLEARANCE STUDIES

General information chapter Viral Safety Evaluation of Bio-

technology Products Derived from Cell Lines of Human or An-

imal Origin h1050i and other regulatory documents provide

guidance on conducting viral clearance studies that help vali-

date the removal/inactivation processes. Companies should

also perform formal spiking studies with relevant and repre-

sentative viruses; and they should test and compare inactivated

spiked serum samples, negative controls, and positive con-

trols.

CLEANING AND STERILITY OF EQUIPMENT

Stainless steel systems and tubing used in the manufacture

of serum products must be cleaned and sterilized to prevent

cross-contamination and growth of adventitious agents. Com-

panies must validate their cleaning processes for removing and

inactivating agents of concern. Thereafter, companies should

implement controls that routinely verify cleaning cycles.

Steam sterilization-in-place is a common and effective sterili-

zation technique. Companies that use this technology must

validate steam cycles to demonstrate their uniformity and abil-

ity to destroy heat-resistant spores. Alternatively, companies

can use sterile disposable systems that do not require cleaning

validation.

Quality Control

TRACEABILITY

Abattoir Collection

Materials collected in the U.S. should originate from

USDA-registered facilities. Manufacturers should maintain

documentation that traces a given serum sub-lot to the abattoir

where it was collected. General industry practice is to keep this

information as part of the Master Device Record (MDR). Gen-

eral record-keeping requirements at USDA-licensed abattoir

facilities are outlined in 9 Code of Federal Regulations

(CFR) 320.

Materials collected from countries approved by USDA for

importation of bovine products into the U.S. should meet the

requirements of the competent authority of the country of or-

igin. In addition, manufacturers should keep USDA-required

safety testing records (if applicable) of imported materials as

part of their Device History Record (DHR).
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Manufacturers can consult 9 CFR 309 and 310 about re-

quirements for inspection of animals for various diseases

pre- and post-slaughter. These requirements are recommended

for materials collected outside the U.S.

Donor Herd Collection

Manufacturers should maintain traceability to the facility

where materials were collected from donor herds. In most cas-

es, vendors individually identify farm animals and keep re-

cords for bleed and processing dates. A licensed veterinarian

should inspect animals quarterly and should certify that they

are free of disease, consistent with 9 CFR 309.

PRODUCT STORAGE AND STABILITY

Serum should be stored at –108 or below. It is recommended

that the serum be frozen as quickly as possible to limit bacte-

rial growth. Processors should establish product stability. The

typical expiration dating for bovine serum products is 5 years

from the date of filtration and filling. Use of a serum product

beyond the stated expiration date depends on the application,

and the user must establish the product’s continued suitability

for use.

Labeling

Products that will be used in Medical Device applications

must be labeled in accord with the requirements of 21 CFR

809.10. Finished product labels must contain the following in-

formation: product description, lot number, storage condi-

tions, name and address of manufacturer, and a statement

indicating the intended use. Materials intended for research

purposes are exempt from labeling regulations (21 CFR

801.1). Typically vendors supply a lot-specific Certificate of

Analysis (COA) that is classified as part of the product’s label-

ing. COA requirements follow.

Certification/Documentation

CERTIFICATE OF ANALYSIS (COA)

The COA should provide information about a specific lot of

serum, including tests performed and test results (according to

the manufacturer’s specifications for release), as well as criti-

cal labeling identifiers such as lot number, catalog number and

description of what serum product this represents, country of

origin, and either or both the date of manufacture and/or expi-

ration. This document is distinct from the certificate of health

issued by the competent authority of the country of origin.

CERTIFICATE OF ORIGIN AND CERTIFICATION OF ANIMAL STATE

OF HEALTH

The Certificate of Origin not only establishes the country in

which the bovine blood was collected, but it also establishes

veterinary certification of the health of the animals pre- and

post-collection (9 CFR 327.4).

IMPORT/EXPORT DOCUMENTS

Import/export documents contain formal certification of

country disease status and negotiated/agreed certification

statements. These vary from country to country. Each country

defines import/export requirements for reasons of economic

impact as well as safety assessments (risk vs. research, diag-

nostic, and/or therapeutic benefits).

Pharmacopeial Forum
Vol. 34(3) [May–June 2008] IN-PROCESS REVISION 781

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Black plate (782,1)

PRODUCTION REPORTS

Production reports typically are batch records that document

(1) the raw materials in identifiable and traceable ways and (2)

the production methods (centrifugation or filtration) used in

manufacturing. Having raw material with Certificates of Ori-

gin facilitates traceability to the source of the blood that was

used to create the serum. When serum is used as a raw material

for further manufacturing, process documentation also helps

demonstrate controlled manufacture of the bovine serum pro-

duct.

BSE RISK ASSESSMENT

Description of the Disease

Transmissible spongiform encephalopathies (TSEs) are

transmissible animal and human diseases that are character-

ized by degeneration of the brain associated with severe neu-

rological signs and symptoms. Ever since outbreaks of TSE in

cattle (BSE) were transmitted to other species, public health

officials have been concerned about the risk of TSE infection,

including the possibility of TSE transmission by the use of

therapeutic products manufactured using bovine serum. Al-

though serum products are considered low-infectivity tissues,

regulatory authorities recommend careful selection of source

materials as the most important safety measure. Manufacturers

of therapeutic products using bovine serum products should

avoid using serum material from countries where BSE is pre-

sent.

RISKS POSED

Isolated reports have linked BSE transmission in domesti-

cated animals to the use of vaccines, and a cautious approach

is warranted if biological materials from species that can be

infected are used in the manufacture of medicinal products.

Despite the low-risk potential, various U.S. and international

regulatory agencies have developed guidance to help manage

and reduce the potential risks of transmission. Although the

U.K. has the greatest number of reported cases of BSE, the

illness also has been reported throughout Europe, Israel, Ja-

pan, Canada, and the U.S.

TARGET TISSUES

Prion-related protein (PrP) is a glycosylphosphatidylinosi-

tol-linked cell-surface protein that is expressed by a wide va-

riety of cells, including those of the nervous system and the

immune system. PrP at high titer has been found primarily

within tissue of the central nervous system of infected animals,

including the brain, spinal cord, and dorsal root ganglia. In in-

fected cattle, lower titers also have been found in cerebrospinal

fluid, lung, lymph tissue, spleen, kidney, liver, and ileum. Stu-

dies have shown that transfusion of blood from sheep infected

with either BSE or scrapie, but without evident disease, can

infect naive sheep. Although the risk of cross-contamination

is always present, to date no studies have shown that blood

can transmit disease from cattle with BSE. Embryos from

BSE-affected cattle have not transmitted diseases to mice.

Calves born of dams that received embryos from BSE-affected

cattle have survived for up to seven years, and examination of

the brains of both the unaffected dams and their offspring re-

vealed no spongiform encephalopathy or PrP TSE.

DETECTION STRATEGIES

Postmortem Histological Examination

The classic diagnostic test for TSEs is postmortem histolog-

ical examination of brain tissue to confirm characteristic vac-

uolar degeneration.

Other Test Procedures

Other testing options include immunohistochemical tests

that can confirm the presence of abnormal disease-specific

conformation of PrP (PrPSC) in the vacuolated regions of

the brain and immunochemical tests such as Western blots

and enzyme-linked immunosorbent assays (ELISA) that can
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detect PrPSC in tissues with high or moderately high titers.

These tests typically take less time to perform than histological

examination (6-8 hours vs. weeks, respectively) and can be

partially or fully automated. Although most of these are post-

mortem tests, studies have demonstrated the feasibility of pre-

mortem testing of lymphoid tissue samples from the tonsils or

from the third eyelid of infected animals. Immunochemical

tests require extensive sample collection and preparation and

can be cost-prohibitive for routine testing and monitoring of

the disease state of large herds.

Suppliers must consider the sensitivity of testing in certain

tissues as well as the test’s ability to detect infectivity in ani-

mals before the development of clinical signs of disease. Ne-

gative results do not ensure the absence of infectivity.

Detection of infectivity is possible if suspect tissue is inoculat-

ed into experimental animals intracranially where the causa-

tive agent can amplify. This approach for detection of low

infectivity can take months to years to yield a positive result.

No currently available procedures have been validated to be

sufficiently sensitive for routine antemortem screening of

asymptomatic animals, although analytical methods are under

development for detection and quantitation from low-infectiv-

ity materials such as blood.

Risk-Reduction Strategies

Serum producers should use risk-reduction strategies to el-

iminate the danger of cross-contamination of fetal blood with

other tissues, including appropriate sourcing of animal-de-

rived articles and employment practices that have been shown

to eliminate or minimize the risk of transmitting TSE either via

foods or health care products. Manufacturers of a medicinal

product should perform a risk assessment of their sourcing

strategy based on the category of materials, the quantity of

source material, and the intended use of the finished medicinal

product. Manufacturers should perform supplier audits to en-

sure traceability of sourcing, handling, and appropriate quality

control systems. The risk of transmission of infectious agents

can be greatly reduced when manufacturers control a number

of parameters, including the following:

� Source of animals: traceability, geographic source, and

age and health of dams

� Nature of animal tissue

� Production process

No single approach is likely to establish the safety of a pro-

duct, so these parameters complement each other in a concert-

ed program designed to minimize the risk of contamination.

SOURCE OF ANIMALS

Traceability

Suppliers should monitor the traceability of each lot of se-

rum to ensure the qualification of the bovine serum products as

described above in the sections Collection and Processing and

Quality Control.

Geographic Source of Animals

Careful selection of source materials is the most important

criterion for the safety of medicinal products. Official certifi-

cation of the origin should be available from the supplier, and

manufacturers should keep this information on file. The U.S.

Food and Drug Administration (FDA) recommendations pro-

hibit the use in FDA-regulated products (except gelatin) of any

bovine-derived materials that originate from countries that re-

port indigenous cases of BSE. The current rule qualifies FBS

as an unlikely source of BSE infectious material because cur-

rent evidence suggest that cow-to-calf transmission of BSE is

unlikely. The rule also states that prohibited cattle materials do

not include materials sourced from fetal calves of cows that

were inspected and passed as long as the materials were ob-

tained by procedures that can prevent contamination with

specified risk materials. For veterinary biologics, current regu-

lations enforced by the U.S. Department of Agriculture’s Cen-

ter for Veterinary Biologics (CVB) indicate that ingredients of
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animal origin should be sourced from countries with no or low

BSE risk as defined by the U.S. National Center for Import and

Export and 9 CFR 94.18.

The most satisfactory sources of materials are from coun-

tries with the following:

� No reported cases of indigenous BSE

� Compulsory notification of positive tests

� Compulsory clinical and laboratory verification of sus-

pected cases

� Prohibition of the use of meat and bone meal containing

any ruminant protein in ruminant feed

� No importation of cattle from countries where a high in-

cidence of BSE has occurred

� No importation of progeny of affected females

Manufacturers cannot interpret the absence of reports of in-

digenous cases of BSE as evidence of complete absence of

BSE within a country or region. Suppliers and manufacturers

should not rely on country of origin alone to ensure the safety

of the animal-derived materials. In supplier countries, source

materials from well-monitored herds may provide an extra

margin of safety.

Age and Health of Dams

No studies to date have documented evidence of vertical

transmission of TSE across the placenta. But again, absence

of detection of a positive does not prove a negative. Suppliers

must consider the potential for exposure of the dam’s blood to

the blood collected from the fetus. The purchase contract

should stipulate that the dams of source animals have been in-

spected pre- and postmortem and determined to be healthy and

fit for human consumption.

BSE infectivity may increase with animal age. For this rea-

son sourcing from young dams may be prudent. If possible,

the purchase contract also should stipulate the maximum age

of the dams of source animals. Dams of source animals should

be born after July 1988, when the ruminant feed ban was im-

posed in the U.K. If manufacturers cannot determine the date

of the dam’s birth, they should consider both the implementa-

tion date of the feed ban in the country of origin and the incu-

bation period of BSE in order to determine the safety of the

source. These considerations are lot specific, so audits of the

raw material supplier should include a review of records.

NATURE OF ANIMAL TISSUE USED

Suppliers and manufacturers should not rely solely on the

tissue origin of the ruminant-derived article to ensure the low-

est potential BSE risk. The inability to detect infectivity in

items such as serum does not necessarily mean there is no in-

fectivity. In certain situations tissues may risk contamination

by contact with other tissues that are subject to a different type

of infectivity. The potential risk can be influenced by the cir-

cumstances in which tissues are removed, especially if a low-

risk material is proximate to a high-risk tissue. The cross-con-

tamination of some tissues may be increased if infected dams

are slaughtered by penetrative brain stunning or if the brain

and/or spinal cord are sawed. The risk of cross-contamination

is decreased if body fluids are collected with minimal damage

to tissue, if cellular components are removed, and if fetal

blood is collected without contamination from other maternal

or fetal tissues, including placental or amniotic and allantoic

fluids. The risk posed by cross-contamination depends on sev-

eral complementary factors, includingthe following:

� Precautions adopted to avoid contamination during col-

lection of tissues (as noted)

� Level of contamination (amount of the contaminating tis-

sue)

� Amount of material that will be used

� Processes to which the material will be subjected during

manufacturing

The placement of a given tissue in one or another category

of infectivity can be disease-specific and is subject to revision

as new data arise from increasingly sensitive tests. Suppliers

and manufacturers of medicinal products should assess poten-

tial risk and should adjust their practices and procedures ac-

cordingly to minimize the potential risk of BSE infectivity

to the lowest practically achievable level.
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PRODUCTION PROCESS

Systems should be in place for monitoring the production

process and for batch delineation (definition of batches, sepa-

ration of batches, and cleaning between batches). Of primary

importance is control of the potential for cross-contamination

with possible infectious material. Because of the documented

resistance of TSE agents to most inactivation procedures, con-

trolled sourcing is the most important criterion in achieving

acceptable product safety. Whenever possible, suppliers

should perform validation studies of processes developed to

reduce or eliminate causative agents from potentially infected

materials. Further research will help manufacturers develop an

understanding of the most appropriate methodology for vali-

dation studies. Issues to consider during validation of a pro-

cess for removal of BSE include the following:

� The nature of the spiked material and its relevance to the

natural situation

� Design of the study (including scale-down approaches)

� Method of detecting the agent (in vitro or in vivo assay)

after spiking and after the treatment

� Characterization and standardization of reference mate-

rials for spiking

� Data treatment and analysis, general chapter Analysis of

Biological Assays h111i

Manufacturers must substantiate the ability of a manufactur-

ing process to remove or inactivate BSE agents by conducting

appropriate validation studies with suitably characterized ref-

erence materials. Because no studies have successfully vali-

dated analytical methods for the detection of small amounts

of the TSE agent, TSE clearance validation studies typically

employ the intracranial injection of in-process material into ro-

dents for amplification and detection of potential residual in-

fectivity.

When possible, manufacturers should identify steps that the-

oretically or demonstratively remove or inactivate agents dur-

ing the manufacture of the material. Manufacturers should

continue their investigations into removal and inactivation

methods to identify steps/processes that will help ensure the

removal or inactivation of BSE agents. They should design

production processes using available methods that have the

greatest likelihood of inactivating or removing BSE agents.

For example, prolonged exposure of tissues to high moist heat

and high pH inactivates the BSE agent. Such treatments, how-

ever, are inappropriate for the extraction of many other types

of bovine-derived articles such as serum because these treat-

ments lead to the destruction of the material. Conventional

chemical and biochemical extraction and isolation procedures

may be sufficient to remove the infectious agent. Similar tech-

niques may be effective for other bovine-derived articles.

TESTING AND CONTROL OF ADVENTITIOUS

AGENTS

Introduction

Rigorous testing procedures, strict processing and produc-

tion guidelines, and appropriate risk assessments help ensure

the safety of serum products. This section discusses specific

tests that can detect and control adventitious agents.

Adventitious Agents Testing

The testing required for the evaluation of master seeds, mas-

ter cells, and bulk and final products is described in 9 CFR

113.53 and also applies to the testing of raw materials such

as bovine serum. This testing meets the requirements for the

majority of bovine sera applications because it can detect a

wide range of potential viral contaminants. Additionally, full

9 CFR testing meets a majority of regulatory requirements for

virus testing. Manufacturers should test a representative sam-

ple of each batch of serum to determine the presence of adven-

titious agents. Manufacturers perform testing after filtration

but before any further processing that is intended to inactivate

or remove viruses.

Filtration with multiple 100-nm pore size filters, gamma ir-

radiation (25–35 kGy at -408), and chemical treatment (e.g.,

with betapropiolactone) are accepted methods of removing
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or inactivating viruses and mycoplasmas, and manufacturers

routinely use these tools in both production and testing facil-

ities. These treatments do not remove antibodies that may in-

terfere with some applications. Additionally, the treatments do

not ensure complete viral removal or inactivation, but they can

significantly reduce the risk of viral activity. The required test-

ing series to screen bovine serum for the absence of adventi-

tious agents might include the following:

� Bacterial and fungal sterility testing as described in 9 CFR

113.26

� Mycoplasma testing as described in 9 CFR 113.28

� Viral testing as described in 9 CFR 113.53

The procedures described in Sterility Tests h71i confirm the

absence of bacterial and fungal infection. For viruses, only

cultivation using suitable substrate cells can indicate viral in-

fectivity and replication. Those who use serum for research or

production should test the serum for the absence of adventi-

tious agents in a manner that is consistent with the product’s

intended application, bearing in mind that testing indicates on-

ly presence or absence of adventitious agents within the limits

of the test procedures used.

Mycoplasma Testing

Mycoplasmas are the smallest free-living, self-replicating

organisms. These simple prokaryotes lack a rigid cell wall

and belong to the class Mollicutes, which contains more than

180 recognized species. They have limited biosynthetic capa-

bilities and utilize nutrients from host cells to which they are

typically attached. Mycoplasma contamination in tissue cul-

ture can arise from many animal origin sources, including sera,

but more commonly results from cross-contamination of in-

fected cultures. Mycoplasmas are particularly insidious con-

taminants in cell culture because they

� cannot be visualized by light microscopy, even at high

density (4107 colony-forming units/mL);

� cause no observable change in turbidity or pH of the cul-

ture fluid;

� cannot routinely be removed by filtration;

� are unaffected by traditional antibiotics used in cell cul-

ture;

� exert an extremely wide variety of adverse effects in tis-

sue culture.

Classical mycoplasma detection is accomplished by direct

cultivation in broth and/or agar and typically is supplemented

by a fluorescent DNA detection assay. Not all mycoplasma

species can be cultivated, which explains the utility of a sup-

plemental fluorescent DNA detection assay. The sensitive and

highly reliable direct cultivation test requires anaerobic and

aerobic incubations for three weeks, which is a serious limita-

tion in certain applications where quick results are required.

Fluorescent DNA assay is also reliable but can yield equivocal

results because it requires skilled staff to analyze a sample. It

requires approximately one hour to complete.

More recent detection procedures include luminescent and

polymerase chain reaction (PCR) assay procedures. General

information chapter Nucleic Acid-Based Techniques—Amplifi-

cation h1127i describes the general principles of PCR assays.

The sensitive 20-minute luminescent assay measures a specific

enzyme activity of mollicutes that converts adenosine diphos-

phate to adenosine triphosphate via a luciferase/luciferin reac-

tion. Results are unequivocal and semiquantitative. PCR

methods are quick and sensitive and display with good relia-

bility, but occasional false positive results are a source of con-

cern with commercial testing service labs. PCR may detect

mycoplasmal DNA fragments that are noninfectious.

Viral Testing

Viral tests often are cell-based assays in which cells are in-

oculated with the serum test sample and are observed for cy-

topathic effect due to virus infection. The appropriate cell

types employed in the testing depend on the type of viruses

that may be present in the sample and on the intended appli-

cation of the therapeutic product. The user must determine if
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full 9 CFR testing is sufficient. General information chapter

Virology Test Methods h1237i reviews the most commonly

used cell-based infectivity tests.

The procedures for serum testing are outlined in 9 CFR

113.53 and 113.52, and manufacturers should perform them

on at least two separate and unrelated cell lines, one of which

should be of bovine origin. Manufacturers should perform

multiple tests on serum lots, and during the production of vet-

erinary vaccines or test kits they should not use any lot that

tests positive at any point. The tests include viral testing by

fluorescent antibody (FA) staining on susceptible cells (Ma-

din-Darby Bovine Kidney, bovine turbinate or primary bovine

kidney, and Vero) that have been maintained in media supple-

mented with 15% test serum and passaged a minimum of three

times. At the conclusion of the third subculture and after a total

of at least 21 days of incubation, laboratory personnel examine

cultures for cytopathogenic and/or hemadsorbing agents.

Manufacturers must test for cytopathogenic and/or hemad-

sorbing agents as prescribed in 9 CFR 113.46 and 113.47 us-

ing cytological stains and light microscopy to detect inclusion

bodies, abnormal numbers of giant cells or syncytia, or other

cell abnormalities that may be indicators of viral infection.

Scientists should examine, by microscopic observation, a cul-

ture area of at least 6 cm2 of each cell type for cytopathologic

effect with and without cytologic staining (e.g., hematoxylin

and eosin or May-Grunewald giemsa) as described in the pro-

cedure outlined below.

Subject a culture area of at least 6 cm2 of each cell type to

hemadsorption procedures at 48 and 208–258 using chicken

and guinea pig erythrocyte suspensions, and examine the cul-

tures for evidence of hemadsorption. Freeze and thaw negative

cultures three times, centrifuge, and inoculate the supernate on

fresh susceptible cells. Maintain the fresh cells for 14 days,

and then again stain and examine them. Perform hemadsorp-

tion tests using chick and guinea pig cells at both 48 and 208–

258 to detect certain viral diseases for which no specific FA

testing is available. Among these are parainfluenza virus type

3 (PI-3) and cowpox. Perform viral detection testing by fluo-

rescent antibody, hemadsorption, and May-Grunwald staining

as prescribed in 9 CFR 113.46 and 113.47. Negative lots and

representative samples from the centrifuged supernatants de-

scribed above require additional FA testing.

Regulations in 9 CFR 113.47 describe testing using specific

fluorescent antibody conjugates. The panel of viruses tested as

prescribed in 9 CFR include the following:

� BVD virus

� Bovine parvovirus

� Bovine adenovirus

� Bluetongue virus

� Bovine respiratory syncytial virus

� Reovirus

� Rabies virus

In addition to the viruses listed above, other viruses can be

causative agents of disease and may require testing in various

bovine sera applications. As stated above, the user is respon-

sible for determining if full 9 CFR testing is sufficient. Detec-

tion can be either specific or nonspecific, e.g., with

observation of cytopathic effects. The viruses for which test-

ing is not required may warrant supplemental or specific viral

vigilance, depending on the intended application. A manufac-

turer’s thorough risk analysis should determine the scope of

testing and serum treatment options. The list of viruses for

which testing is not required may include the following: aka-

bane, bovine herpesvirus 1 (BHV-1), bovine leukemia, bovine

rotavirus, foot-and-mouth disease virus (FMDV), PI-3 virus,

and rinderpest. Appendix 2 provides a general description of

these viruses as well as the ones for which testing is required.

Risk Assessment and Detection Strategies

The species barrier provides a degree of protection against

infection by some animal etiologic agents. This barrier is not

an alternative to proactively ensuring that pharmaceutical

products are manufactured only from raw materials of biolog-

ical origin that have undetectable levels of adventitious agents.

Inoculation of viable organisms into a nonhost species carries
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a risk that the organisms could cross the species barrier. An

appropriate test regimen of serum material should therefore in-

clude examination for potential contaminants associated with

the species of origin and the species of intent. Treatments ap-

plied to serum are a factor in establishing the appropriate test

regimen for a particular material. The lowest risk of contami-

nation is associated with biological materials that are terminal-

ly sterilized by heat or hydrolysis. However, serum may be

adversely affected, or rendered useless, by a rigorous steriliza-

tion process that requires the use of alternative clearance pro-

cedures (e.g., chemical inactivation or irradiation) that retain

the desired activity but carry a greater probability of contam-

inant survival than does terminal sterilization.

Zero risk is neither possible nor reasonable. The manufac-

turer should fully describe specific testing regimens in the pro-

duct specifications. These will vary depending on the type and

source of the serum. Therefore, the guidelines for screening

described in this chapter are only examples, and screening

for all viruses listed may not be required for a particular ma-

terial. Some manufacturers may perform certain tests on the

finished product or on in-process materials rather than on in-

dividual component(s). Manufacturers also must evaluate the

dilution effect in relation to the limit of detection of the test

procedure. Interference of growth or neutralization of viral ac-

tivity may be an indication of antibodies masking the viral

agent. Manufacturers should consider this possibility when

they determine an adequate level of treatment to inactivate de-

tected live viruses as well as any potentially masked material.

Manufacturers should confirm that the species of origin is

bovine to ensure that no other nonbovine agents may be pre-

sent. Perform extraneous virus testing in appropriate cell cul-

tures (see general information chapter Virology Test Methods

h1237i for appropriate cell line choices dependent on assay

and targeted agent). If necessary, conduct seroconversion stu-

dies in susceptible species using a host species immune re-

sponse as the method of detection. Use this procedure

following an inactivation method to detect whether the virus

was present.

Safety Considerations

Manufacturers require serum that does not have any detect-

able antibodies or viruses so they can propagate cell cultures

used in vaccine production, diagnostic testing, and test kit

preparation, especially for the maintenance of master seed

and master cell stocks. More than 40 cell types are available

for production of veterinary biologicals, but fewer than 10 me-

dia types are available for their propagation. Some researchers

have proposed serum-free media as an alternative to propagate

certain cells and viruses, but this means adapting culture pro-

cedures, which may alter the cells and change production re-

sults. If new or different media are imported into the U.S.,

manufacturers will require confirmation of source, species,

and documentation of origin in countries that are free of

FMD, rinderpest, and BSE.

CHARACTERIZATION OF BOVINE SERUM

Introduction

Each lot of FBS must be tested to confirm that the serum

meets the requirements of proposed general chapter h90i.

For all other types of bovine sera, this section describes several

key procedures for characterization. These procedures are not

mandatory but are guidelines that manufacturers may consider

for their individual applications. The table below shows sam-

ples of specifications for the different types of bovine sera.
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FBS

Newborn Calf

Serum Calf Serum

Donor Bovine

Serum

Adult Bovine

Serum

Sterility Test No growth detected No growth detected No growth detected No growth detect-

ed

No growth de-

tected

Mycoplasma Not detected Not detected Not detected Not detected Not detected

Virus Testing Not detected Not detected Not detected Not detected Not detected

Hemoglobin (mg/

dL)

520 520 520 520 525

Total Protein (g/dL) 3.0–4.5 3.5–6.0 5.0–8.0 5.0–8.0 6.0–10.0

pH 7.00–8.00 7.00–8.00 7.00–8.00 7.00–8.00 7.00–8.00

Osmolality (mOs-

mol/Kg)

280–360 240–340 240–340 240–340 240–340

Species Identification

Both inter- and intraspecies identification assays should be

performed on serum products to confirm species identity and

the integrity of the serum products and to ensure that nonbo-

vine agents are not present. The most commonly used assay

for the identification of bovine species is based on the electro-

phoretic profile of specific serum proteins. Upon electrophore-

sis, the serum proteins usually separate in as many as six

fractions: Albumin, Alpha 1, Alpha 2, Beta 1, Beta 2, and

Gamma Globulins. Proposed general chapter h90i Bovine Se-

rum—Quality Attributes and Functionality Tests includes a de-

tailed description of the electrophoresis procedure.

Other procedures that are used for bovine speciation include

radial immunodiffusion (RID) and the double diffusion Ouch-

terlony method. These procedures allow either qualitative or

quantitative measurements of the immunoglobulin G levels

in serum. The RID method is based on the diffusion of an an-

tigen from a circular well into a homogeneous gel that contains

specific antiserum for each particular antigen. A circle of pre-

cipitated antigen and antibody forms and continues to grow

until it reaches equilibrium. The diameters of the rings are a

function of antigen concentration. The Ouchterlony method

is a double gel diffusion test wherein antigen and antibody dif-

fuse toward each other in a semisolid medium to a point in the

medium where optimum concentration of each is reached,

forming a precipitate. The Ouchterlony plates contain cylindri-

cal wells—a central 8-mm diameter antigen well surrounded

by six 3-mm anti-sera wells—which make possible the simul-

taneous monitoring of multiple antigen-antibody systems and

the identification of particular antigens in a preparation. Pro-

posed general chapter h90i describes the accepted procedure.

Hemoglobin

Hemoglobin is a multisubunit protein that forms an unstable

reversible bond with oxygen. The oxygen-loaded form is

called oxyhemoglobin and is bright red. The oxygen-unloaded

form is called deoxyhemoglobin and is purple-blue. Oxyhe-

moglobin is the predominant protein in red blood cells.

Low hemoglobin content in sera is widely accepted as a

good general indication of rapid and careful processing of

blood that will be used for serum. Red blood cells are fragile

and rupture easily, releasing hemoglobin into the serum.

Rough handling of the harvested blood, poor temperature con-

trol, or delayed processing will elevate hemoglobin content in

serum. Acceptable levels of hemoglobin may vary with the in-
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tended application. The hemoglobin levels are measured using

spectrophotomeric procedures (see Spectrophotometry and

Light Scattering h851i) as described in proposed general chap-

ter h90i.

Chemical Profile

The testing of components such as cholesterol, alpha glob-

ulin, beta globulin, gamma globulin, albumin, creatinine, bil-

irubin, glucose, alanine aminotransferase, aspartate

aminotransferase, phosphorous, potassium, calcium, and sodi-

um usually is not considered a criterion for bovine serum lot

release. Some manufacturers do not perform the tests on a rou-

tine basis but only as auxiliary tests. In some instances hospital

clinical laboratories may run the tests. The levels of these

chemicals in serum are important to end users and may also

be used to assess lot-to-lot variability.

Endotoxin Levels

Although high endotoxin levels are not suitable for applica-

tions involving injectables, acceptable levels in bovine sera

vary depending on the intended application. Some manufac-

turers may overlook the importance of low endotoxin levels

in bovine sera used in cell culture applications. Endotoxin in-

fluences more than 30 biological activities, including macro-

phage activation, mitogenic stimulation, and induction of

interferon and colony-stimulating factor (for some applica-

tions, these may be positive activities). Endotoxin also can

lead to cyototoxicity by initiating complement activation.

The most commonly used methods for endotoxin detection

are the semiquantitative gel clot Limulus Amebocyte Lysate

procedure or the quantitative kinetic chromogenic method de-

scribed in Bacterial Endotoxins Test h85i. For both the kinetic

chromogenic and gel clot assays, valid endotoxin assays re-

quire appropriate treatment by heat or dilution in order to

avoid adverse effects of interfering substances in serum. Re-

searchers should include a positive product control in each as-

say to confirm that any interference has been overcome by the

dilution/heat treatment.

Osmolality

The osmolality test is designed to evaluate the electrolyte

concentration in the bovine serum. Chemicals that affect se-

rum osmolality include sodium, chloride, bicarbonate, pro-

teins, and glucose. Manufacturers should measure the

osmolality of each serum batch to verify compliance with pro-

duct specifications using equipment calibrated with standards

that are traceable to the National Institute of Standards and

Technology. General chapter Osmolality and Osmolarity

h785i describes how osmolality is determined by freezing-

point depression of the bovine serum solution. Scientists use

at least two standards to calibrate the instrument. The osmol-

ality of each sample is calculated and related to the serum wa-

ter content and is expressed as mosmol per kg of H2O.

Total Protein Level

The total protein level in serum is measured to verify animal

age and compliance with product specifications. General in-

formation chapter Biotechnology-Derived Articles—Total

Protein Assay h1057i describes two procedures, the Biuret

and Bradford methods, for determining protein concentration.

The level of protein should range between 30 mg per mL and

45 mg per mL in FBS. The acceptable level of protein in serum

should be assessed by the end user based on the intended ap-

plication.

Cell Growth Properties

Each lot of serum should be tested for its ability to support

in vitro growth of specific cell lines. Bovine serum products

are highly variable, and different lots may yield different re-

sults. Because of this variability, manufacturers should charac-
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terize and standardize the cell lines that they will use for this

type of testing. They should design cell growth procedures

that will help them check the efficacy of bovine serum in pro-

moting cell growth. Companies will benefit from monitoring

growth promotion over several generations of subcultures to

detect any evidence of cytotoxicity or changes in cell mor-

phology. Different serum suppliers use different cell types,

and the growth studies and cell lines used by suppliers also

may differ from those applied by end users. When manufac-

turers evaluate the growth properties of a specific cell line in

response to a specific lot of serum, they should take into ac-

count plating efficiency and/or growth promotion.

Plating efficiency at low cell density is a preferred method

for analyzing the proliferative capacity and survival of single

cells under optimal growth conditions. This procedure can re-

veal differences in the growth rate within the population and is

capable of distinguishing between changes in growth rate (col-

ony size) and cell survival (colony number). The growth kine-

tic is another important aspect in the design of cell-based

experiments. Determining the growth curve of each cell line

helps define optimal culture conditions because variation in

serum and other growth additives may influence growth par-

ameters, which may affect the experimental outcome.

In the absence of specific tests designed for their particular

products, serum users can refer to the functionality tests de-

scribed in general chapter h90i to determine if a lot of serum

is suitable for their application. This chapter provides guid-

ance on how to perform growth promotion and plating effi-

ciency tests.

In Vitro Cytotoxicity

Manufacturers should use an appropriate cell line for testing

each lot of serum, and they should perform growth studies

through several subcultured generations to ensure that the se-

rum has no cytotoxic effect on the cells. The choice of cell line

depends on the intended use of serum. The cell growth and

cytotoxicity assays should be performed on the final batch

of serum after any viral inactivation step or any further proces-

sing.

CONCLUSIONS

Bovine serum is likely to remain an important component in

the manufacture of many biologics, particularly those relying

on cell culture. As with similar materials, bovine serum dis-

plays inherently variable quality. As a result, manufacturers

must establish suitable tests, procedures, and acceptance crite-

ria for introduction of materials into a particular manufactur-

ing process. This may mean screening multiple lots of bovine

serum to determine which lots meet the specification (see the

Characterization of Bovine Serum section).

Manufacturers of therapeutic products that involve use of

bovine serum are responsible for ensuring and documenting

its quality and impact on the quality, safety, and efficacy of

the final product. In addition, it is important to ensure that each

lot of serum performs in an equivalent manner during manu-

facturing. Serum can also interfere with final product purifica-

tion and therefore it is important to understand the impact

bovine serum has on the manufacturing process in order to un-

derstand the potential impact of various processes on the final

product. Finally, risks can also be mitigated through the design

of processes that include (1) steps to adequately remove the

bovine material through dilution, separation, or inactivation

and (2) the development of analytical assays to assess the bo-

vine-derived residual content present during the various pro-

cesses and in the final therapeutic product. A number of

sensitive assays can provide a quantitative means of detecting

bovine material at picogram levels.

APPENDIX 1

Bovine sera and serum-related products used in the manu-

facture of biological products are regulated in the context of

Requirements for Ingredients of Animal Origin in accordance

with 9 CFR 113.53. Currently, individual serum suppliers per-
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form detection studies to identify contaminating viruses. Be-

cause of the potential international market for serum, manu-

fac ture rs need to be mindfu l o f o the r regu la to ry

requirements. Manufacturers can use the documents listed

here as guidance for screening bovine sera for contamination

by adventitious agents. Because of the risk carried by animal-

derived serum products, manufacturers should ensure that the

national origin of the material complies with applicable regu-

latory requirements. Although no cell performance assays cur-

rently demonstrate lack of BSE in serum, manufacturers must

comply with the regulatory requirements of countries where

the serum is marketed to ensure a minimal risk of infection

with BSE/TSE.

Beyond the relevant USP chapters referenced in this general

information chapter, the following list of documents includes

regulatory documents as well as best practices in product and

process development, manufacturing, quality control, and

quality assurance.

CFR documents:

� 9 CFR 94.18 (CVB, 2001)

� 9 CFR 113.46

� 9 CFR 113.47

� 9 CFR 113.52

� 9 CFR 113.53

� 9 CFR 113.55

� 9 CFR 320

� 9 CFR 327.4

� 21 CFR 211 Subpart E

� 21 CFR 801.1

� 21 CFR 809.10

FDA documents:

� FDA. Center for Biologics Evaluation and Research

(CBER). 2000. Letter to manufacturers of biological

products. http://www.fda.gov/Cber/ltr/bse041900.pdf

� Use of Materials Derived from Cattle in Medicinal Prod-

ucts Intended for Use in Humans and Drugs Intended for

Use in Ruminants (Proposed Rule). Federal Regist.2007;

72(8), 1582–1619. Available at http://www.fda.gov/cber/

rules/catruminant.pdf.

International Regulations and Guidance documents:

� Committee for Proprietary Medicinal Products/Biotech-

nology Working Party/European Medicines Agency

(CPMP/BWP/EMEA). 1996. Guidance on virus valida-

tion studies. Available at http://www.emea.europa.eu/

pdfs/human/bwp/026895en.pdf.

� CPMP/BWP/EMEA. 2003. Note for guidance on the use

of bovine serum in the manufacture of biological medici-

nal products. Available at http://www.emea.europa.eu/

pdfs/human/bwp/179302en.pdf.

� World Health Organization (WHO), Office international

des epizooties. Terrestrial animal health code 2003. Avail-

able at http://www.oie.int.

� World Health Organization (WHO). WHO Guidelines on

tissue infectivity distribution in TSE. 2006. http://

www.who.int/bloodproducts/cs/TSEPUBLISHEDRE

PORT.pdf.

APPENDIX 2

Following is a general description of viruses that manufac-

turers can consider when they test bovine serum for the ab-

sence of adventitious agents. The list is intended only to

provide general information. The list of required testing is de-

scribed in the section Viral Testing under Testing and Control

of Adventitious Agents.

Akabane—An insect-transmitted virus that causes congen-

ital abnormalities of the central nervous system in ruminants.

Disease due to Akabane virus has been recognized in Austra-

lia, Israel, Japan, and Korea. Antibodies to it have been found

in a number of countries in Southeast Asia, the Middle East,

and Africa. The disease affects fetuses of cattle, sheep, and
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goats. Asymptomatic infection has been demonstrated serolo-

gically in horses, buffalo, and deer (but not in humans or pigs)

in endemic areas.

Blue tongue—An infectious, noncontagious arthropod-

borne viral disease primarily of domestic and wild ruminants.

Infection with Blue tongue virus is common worldwide but is

usually subclinical or mild. Blue tongue virus is the type-spe-

cies of the genus Orbivirus in the family Reoviridae. World-

wide, 24 serotypes have been identified, although not all

serotypes exist in any one geographic area (e.g., only 5 sero-

types [2, 10, 11, 13, and 17] have been reported in the U.S.)

Distribution throughout the world parallels the spatial and

temporal distribution of vector species of Culicoides biting

midges, which are the only significant natural transmitters of

the virus.

Bovine adenovirus—Associated with a wide spectrum of

diseases, Bovine adenovirus type 3 is the serotype most often

associated with bovine respiratory disease. Bovine adeno-

viruses are DNA viruses that have been separated into two

genera, the Mastadenovirus, or mammalian adenoviruses,

and the Aviadenovirus, or avian adenoviruses. Within the ge-

nus Mastadenovirus are numerous species-specific serotypes,

nine of which have been identified in cattle. Epitheliotrophic

adenoviruses also have been isolated from ruminants, and they

usually are clinically unapparent. Clinical disease is dictated

by various factors including the strain of virus, concurrent in-

fection, stress, environmental conditions, and management

practices.

Bovine herpesvirus 1 (BHV-1)— Associated with several

conditions in cattle, including infectious bovine rhinotrachei-

tis, infectious pustular vulvovaginitis, balanoposthitis, con-

junctivitis, abortion, encephalomyelitis, and mastitis. BHV-1

infections are widespread in the cattle population. In feedlot

cattle the respiratory form is most common.

Bovine leukemia—An exogenous C-type oncovirus in the

family Retroviridae. Bovine leukemia is a viral disease of adult

cattle characterized by neoplasia of lymphocytes and lymph

nodes. Infection occurs by iatrogenic transfer of infected lym-

phocytes and is followed by a permanent antibody response.

The prevalence of infection in a herd may be high, but only a

few animals develop fatal lymphosarcoma. Infection is spread

by contact with contaminated blood from an infected animal.

Bovine reovirus—Double-stranded RNA (dsRNA) viruses

with nonenveloped spherical virions 60–80 nm in diameter.

They cause bovine respiratory diseases.

Bovine respiratory syncytial virus (BRSV)—An RNA vi-

rus classified as a pneumovirus in the paramyxovirus family.

This virus was named for its characteristic cytopathic effect—

the formation of syncytial cells. In addition to cattle, sheep and

goats also can be infected by respiratory syncytial viruses. Hu-

man respiratory syncytial virus (HRSV) is an important respi-

ratory pathogen in infants and young children. HRSV has

antigenic subtypes, and preliminary evidence suggests the ex-

istence of antigenic subtypes of BRSV. BRSV is distributed

worldwide, and the virus is indigenous in the cattle population.

BRSV infections associated with respiratory disease occur

predominantly in young beef and dairy cattle.

Bovine rotavirus—A dsRNA spherical virion 60–80 nm in

diameter without an envelope. They are the most common vi-

ral cause of diarrhea in calves and lambs.

Bovine viral diarrhea virus (BVDV)— An RNA virus

classified as a Pestivirus in the family Flaviviridae. BVDV

can cross the placenta and appears to be capable of inducing

immunosuppression, which allows the development of secon-

dary bacterial pneumonia. BVDV has been reported to be the

virus most frequently associated with multiple viral infections

of the respiratory tract of calves.

Foot-and-mouth disease (FMD)— A highly infectious vi-

ral disease of cattle, pigs, sheep, goats, buffalo, and artiodactyl

wildlife species. In a susceptible population morbidity ap-

proaches 100%. The disease is rarely fatal except in young an-

imals. FMD is caused by an Aphthovirus of the family

Picornaviridae. Seven immunologically distinct serotypes are

known, and within each serotype exist a large number of

strains that exhibit a spectrum of antigenic characteristics.
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Parainfluenza-3 virus (PI-3)—An RNA virus classified in

the paramyxovirus family. Although PI-3 is capable of causing

disease, the virus usually is associated with mild to subclinical

infection. The most important role of PI-3 is to serve as an in-

itiator that can lead to the development of secondary bacterial

pneumonia. Infections caused by PI-3 are common in cattle.

Parvovirus—A relatively heat stabile single-stranded DNA

virus approximately 20 nm in diameter that has been recov-

ered from cattle but under natural conditions is not known

to cause disease.

Rabies—An acute viral encephalomyelitis that principally

affects carnivores and bats, although it can affect any mam-

mal. Rabies is caused by Lyssaviruses in the Rhabdovirus fam-

ily. Although they are usually confined to one major reservoir

species in a given geographic area, spillover to other species is

common.

Rinderpest—A Morbillivirus, closely related to the viruses

that cause canine distemper and measles. Strains may vary

markedly in host range and virulence. Sera from recovered

or vaccinated cattle cross-react with all strains in neutralization

tests, but minor antigenic differences have been demonstrated.

The virus is fragile and becomes rapidly inactivated by heat

and light but remains viable for long periods in chilled or fro-

zen tissues. Rinderpest is endemic in many countries of Asia

and Africa. Historically, the virus has been widely distributed

throughout Europe and Africa but, to date, has not established

itself in North America, Central America, the Caribbean Is-

lands, South America, Australia, or New Zealand. Rinderpest

is included in the World Health Organization’s Office interna-

tional des épizooties List A. (List A is the list of communica-

ble diseases that have the potential for very serious and rapid

spread, irrespective of national borders. These diseases, of ma-

jor concern in the international trade of livestock and livestock

products, have serious socio-economic and public health con-

sequences.)&1S (USP32)

BRIEFING

h1225i Validation of Compendial Procedures, USP 31 page 683.
The General Chapters Expert Committee proposes to introduce termi-
nology into this General Information Chapter that is currently used by
ISO. For additional information see the Stimuli article ‘‘Making
Sense of Trueness, Precision, Accuracy and Uncertainty’’ by Walter
W. Hauck, William Koch, Darrell Abernethy, Roger L. Williams, in
this issue of PF.

(GC: H. Pappa) RTS—61214

Change to read:

VALIDATION

Validation of an analytical procedure is the process by which it is
established, by laboratory studies, that the performance characteris-
tics of the procedure meet the requirements for the intended analytical
applications. Typical analytical performance characteristics that
should be considered in the validation of the types of procedures de-
scribed in this document are listed in Table 1. Because opinions may
differ with respect to terminology and use, each of the performance
characteristics is defined in the next section of this chapter, along with
a delineation of a typical method or methods by which it may be mea-
sured.

&The definitions refer to ‘‘test results.’’ The description of the

analytical procedure should define what the test results for the

procedure are. As noted in ISO 5725-1 and 3534-1, a test re-

sult is ‘‘the value of a characteristic obtained by carrying out a

specified test method. The test method should specify that one

or a number of individual measurements be made, and their

average, or another appropriate function (such as the median

or the standard deviation), be reported as the test result. It may

also require standard corrections to be applied, such as correc-

tion of gas volumes to standard temperature and pressure.

Thus, a test result can be a result calculated from several ob-

served values. In the simple case, the test result is the observed

value itself.’’ A test result also can be, but need not be, the

final, reportable value that would be compared to the accep-

tance criteria of a specification.&1S (USP32)
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Table 1. Typical Analytical Characteristics
Used in Method Validation

Accuracy
Precision
Specificity

Detection Limit
Quantitation Limit

Linearity
Range

Robustness

In the case of compendial procedures, revalidation may be neces-
sary in the following cases: a submission to the USP of a revised an-
alytical procedure; or the use of an established general procedure with
a new product or raw material (see below in Data Elements Required
for Validation).
The ICH documents give guidance on the necessity for revalida-

tion in the following circumstances: changes in the synthesis of the
drug substance; changes in the composition of the drug product; and
changes in the analytical procedure.

Analytical Performance Characteristics

ACCURACY

Definition—The accuracy of an analytical procedure is the close-
ness of test results obtained by that procedure to the true value. The
accuracy of an analytical procedure should be established across its
range.

&[A note on terminology: The definition of accuracy in h1225i

and ICH Q2 corresponds to unbiasedness only. In the Interna-

tional Vocabulary of Metrology (VIM) and documents of the

International Organization for Standardization (ISO), ‘‘accura-

cy’’ has a different meaning. In ISO, accuracy combines the

concepts of unbiasedness (termed ‘‘trueness’’) and preci-

sion.]&1S (USP32)

Determination—In the case of the assay of a drug substance, ac-
curacy may be determined by application of the analytical procedure
to an analyte of known purity (e.g., a Reference Standard) or by com-
parison of the results of the procedure with those of a second, well-
characterized procedure, the accuracy of which has been stated or de-
fined.
In the case of the assay of a drug in a formulated product, accuracy

may be determined by application of the analytical procedure to syn-
thetic mixtures of the drug product components to which known
amounts of analyte have been added within the range of the proce-
dure. If it is not possible to obtain samples of all drug product com-
ponents, it may be acceptable either to add known quantities of the
analyte to the drug product (i.e., ‘‘to spike’’) or to compare results
with those of a second, well-characterized procedure, the accuracy
of which has been stated or defined.
In the case of quantitative analysis of impurities, accuracy should

be assessed on samples (of drug substance or drug product) spiked
with known amounts of impurities. Where it is not possible to obtain
samples of certain impurities or degradation products, results should
be compared with those obtained by an independent procedure. In the
absence of other information, it may be necessary to calculate the
amount of an impurity based on comparison of its response to that
of the drug substance; the ratio of the responses of equal amounts
of the impurity and the drug substance (relative response factor)
should be used if known.
Accuracy is calculated as the percentage of recovery by the assay

of the known added amount of analyte in the sample, or as the differ-
ence between the mean and the accepted true value, together with
confidence intervals.

The ICH documents recommend that accuracy should be assessed
using a minimum of nine determinations over a minimum of three
concentration levels, covering the specified range (i.e., three concen-
trations and three replicates of each concentration).
Assessment of accuracy can be accomplished in a variety of ways,

including evaluating the recovery of the analyte (percent recovery)
across the range of the assay, or evaluating the linearity of the rela-
tionship between estimated and actual concentrations. The statisti-
cally preferred criterion is that the confidence interval for the slope
be contained in an interval around 1.0, or alternatively, that the slope
be close to 1.0. In either case, the interval or the definition of close-
ness should be specified in the validation protocol. The acceptance
criterion will depend on the assay and its variability and on the pro-
duct. Setting an acceptance criterion based on the lack of statistical
significance of the test of the null hypothesis that the slope is 1.0 is
not an acceptable approach.

PRECISION

Definition—The precision of an analytical procedure is the degree
of agreement among individual test results when the procedure is ap-
plied repeatedly to multiple samplings of a homogeneous sample.
The precision of an analytical procedure is usually expressed as the
standard deviation or relative standard deviation (coefficient of vari-
ation) of a series of measurements. Precision may be a measure of
either the degree of reproducibility or of repeatability of the analytical
procedure under normal operating conditions. In this context, repro-
ducibility refers to the use of the analytical procedure in different la-
boratories, as in a collaborative study. Intermediate precision (also
known as ruggedness) expresses within-laboratory variation, as on
different days, or with different analysts or equipment within the
same laboratory. Repeatability refers to the use of the analytical pro-
cedure within a laboratory over a short period of time using the same
analyst with the same equipment.

Determination—The precision of an analytical procedure is deter-
mined by assaying a sufficient number of aliquots of a homogeneous
sample to be able to calculate statistically valid estimates of standard
deviation or relative standard deviation (coefficient of variation). As-
says in this context are independent analyses of samples that have
been carried through the complete analytical procedure from sample
preparation to final test result.
The ICH documents recommend that repeatability should be as-

sessed using a minimum of nine determinations covering the speci-
fied range for the procedure (i.e., three concentrations and three
replicates of each concentration or using a minimum of six determi-
nations at 100% of the test concentration).

SPECIFICITY

Definition—The ICH documents define specificity as the ability to
assess unequivocally the analyte in the presence of components that
may be expected to be present, such as impurities, degradation prod-
ucts, and matrix components. Lack of specificity of an individual an-
alytical procedure may be compensated by other supporting
analytical procedures. [NOTE—Other reputable international authori-
ties (IUPAC, AOAC-I) have preferred the term ‘‘selectivity,’’ reser-
ving ‘‘specificity’’ for those procedures that are completely selective.]
For the tests discussed below, the above definition has the following
implications:

Identification Tests: ensure the identity of the analyte.

Purity Tests: ensure that all the analytical procedures performed
allow an accurate statement of the content of impurities of an analyte
(e.g., related substances test, heavy metals limit, organic volatile im-
purities).

Assays: provide an exact result, which allows an accurate state-
ment on the content or potency of the analyte in a sample.

Determination—In the case of qualitative analyses (identification
tests), the ability to select between compounds of closely related
structure that are likely to be present should be demonstrated. This
should be confirmed by obtaining positive results (perhaps by com-
parison to a known reference material) from samples containing the
analyte, coupled with negative results from samples that do not con-
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tain the analyte and by confirming that a positive response is not ob-
tained from materials structurally similar to or closely related to the
analyte.
In the case of analytical procedures for impurities, specificity may

be established by spiking the drug substance or product with appro-
priate levels of impurities and demonstrating that these impurities are
determined with appropriate accuracy and precision.
In the case of the assay, demonstration of specificity requires that it

can be shown that the procedure is unaffected by the presence of im-
purities or excipients. In practice, this can be done by spiking the drug
substance or product with appropriate levels of impurities or excipi-
ents and demonstrating that the assay result is unaffected by the pres-
ence of these extraneous materials.
If impurity or degradation product standards are unavailable, spec-

ificity may be demonstrated by comparing the test results of samples
containing impurities or degradation products to a second well-char-
acterized procedure (e.g., a Pharmacopeial or other validated proce-
dure). These comparisons should include samples stored under
relevant stress conditions (e.g., light, heat, humidity, acid/base hy-
drolysis, oxidation). In the case of the assay, the results should be
compared; in the case of chromatographic impurity tests, the impurity
profiles should be compared.
The ICH documents state that when chromatographic procedures

are used, representative chromatograms should be presented to dem-
onstrate the degree of selectivity, and peaks should be appropriately
labeled. Peak purity tests (e.g., using diode array or mass spectrom-
etry) may be useful to show that the analyte chromatographic peak is
not attributable to more than one component.

DETECTION LIMIT

Definition—The detection limit is a characteristic of limit tests. It
is the lowest amount of analyte in a sample that can be detected, but
not necessarily quantitated, under the stated experimental conditions.
Thus, limit tests merely substantiate that the amount of analyte is
above or below a certain level. The detection limit is usually ex-
pressed as the concentration of analyte (e.g., percentage, parts per bil-
lion) in the sample.

Determination—For noninstrumental procedures, the detection
limit is generally determined by the analysis of samples with known
concentrations of analyte and by establishing the minimum level at
which the analyte can be reliably detected.
For instrumental procedures, the same approach may be used as for

noninstrumental procedures. In the case of procedures submitted for
consideration as official compendial procedures, it is almost never
necessary to determine the actual detection limit. Rather, the detec-
tion limit is shown to be sufficiently low by the analysis of samples
with known concentrations of analyte above and below the required
detection level. For example, if it is required to detect an impurity at
the level of 0.1%, it should be demonstrated that the procedure will
reliably detect the impurity at that level.
In the case of instrumental analytical procedures that exhibit back-

ground noise, the ICH documents describe a common approach,
which is to compare measured signals from samples with known
low concentrations of analyte with those of blank samples. The min-
imum concentration at which the analyte can reliably be detected is
established. Typically acceptable signal-to-noise ratios are 2 : 1 or
3 : 1. Other approaches depend on the determination of the slope of
the calibration curve and the standard deviation of responses. What-
ever method is used, the detection limit should be subsequently vali-
dated by the analysis of a suitable number of samples known to be
near, or prepared at, the detection limit.

QUANTITATION LIMIT

Definition—The quantitation limit is a characteristic of quantita-
tive assays for low levels of compounds in sample matrices, such
as impurities in bulk drug substances and degradation products in fin-
ished pharmaceuticals. It is the lowest amount of analyte in a sample
that can be determined with acceptable precision and accuracy under
the stated experimental conditions. The quantitation limit is ex-
pressed as the concentration of analyte (e.g., percentage, parts per bil-
lion) in the sample.

Determination—For noninstrumental procedures, the quantitation
limit is generally determined by the analysis of samples with known
concentrations of analyte and by establishing the minimum level at
which the analyte can be determined with acceptable accuracy and
precision.
For instrumental procedures, the same approach may be used as for

noninstrumental procedures. In the case of procedures submitted for
consideration as official compendial procedures, it is almost never
necessary to determine the actual quantitation limit. Rather, the quan-
titation limit is shown to be sufficiently low by the analysis of sam-
ples with known concentrations of analyte above and below the
quantitation level. For example, if it is required that an analyte be as-
sayed at the level of 0.1 mg per tablet, it should be demonstrated that
the procedure will reliably quantitate the analyte at that level.
In the case of instrumental analytical procedures that exhibit back-

ground noise, the ICH documents describe a common approach,
which is to compare measured signals from samples with known
low concentrations of analyte with those of blank samples. The min-
imum concentration at which the analyte can reliably be quantified is
established. A typically acceptable signal-to-noise ratio is 10 : 1. Oth-
er approaches depend on the determination of the slope of the calibra-
tion curve and the standard deviation of responses. Whatever
approach is used, the quantitation limit should be subsequently vali-
dated by the analysis of a suitable number of samples known to be
near, or prepared at, the quantitation limit.

LINEARITYAND RANGE

Definition of Linearity—The linearity of an analytical procedure
is its ability to elicit test results that are directly, or by a well-defined
mathematical transformation, proportional to the concentration of
analyte in samples within a given range. Thus, in this section, ‘‘lin-
earity’’ refers to the linearity of the relationship of concentration and
assay measurement. In some cases, to attain linearity, the concentra-
tion and/or the measurement may be transformed. (Note that the
weighting factors used in the regression analysis may change when
a transformation is applied.) Possible transformations may include
log, square root, or reciprocal, although other transformations are ac-
ceptable. If linearity is not attainable, a nonlinear model may be used.
The goal is to have a model, whether linear or nonlinear, that de-
scribes closely the concentration-response relationship.

Definition of Range—The range of an analytical procedure is the
interval between the upper and lower levels of analyte (including
these levels) that have been demonstrated to be determined with a
suitable level of precision, accuracy, and linearity using the procedure
as written. The range is normally expressed in the same units as test
results (e.g., percent, parts per million) obtained by the analytical pro-
cedure.

Determination of Linearity and Range—Linearity should be es-
tablished across the range of the analytical procedure. It should be
established initially by visual examination of a plot of signals as a
function of analyte concentration of content. If there appears to be
a linear relationship, test results should be established by appropriate
statistical methods (e.g., by calculation of a regression line by the
method of least squares). Data from the regression line itself may
be helpful to provide mathematical estimates of the degree of linear-
ity. The correlation coefficient, y-intercept, slope of the regression
line, and residual sum of squares should be submitted.
The range of the procedure is validated by verifying that the ana-

lytical procedure provides acceptable precision, accuracy, and linear-
ity when applied to samples containing analyte at the extremes of the
range as well as within the range.
ICH recommends that, for the establishment of linearity, a mini-

mum of five concentrations normally be used. It is also recommended
that the following minimum specified ranges should be considered:

Assay of a Drug Substance (or a finished product): from 80% to
120% of the test concentration.

Determination of an Impurity: from 50% to 120% of the accep-
tance criterion.

For Content Uniformity: a minimum of 70% to 130% of the test
concentration, unless a wider or more appropriate range based on the
nature of the dosage form (e.g., metered-dose inhalers) is justified.
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For Dissolution Testing: +20% over the specified range (e.g., if
the acceptance criteria for a controlled-release product cover a region
from 20%, after 1 hour, and up to 90%, after 24 hours, the validated
range would be 0% to 110% of the label claim).

ROBUSTNESS

Definition—The robustness of an analytical procedure is a mea-
sure of its capacity to remain unaffected by small but deliberate var-
iat ions in procedural parameters listed in the procedure
documentation and provides an indication of its suitability during
normal usage. Robustness may be determined during development
of the analytical procedure.

SYSTEM SUITABILITY

If measurements are susceptible to variations in analytical condi-
tions, these should be suitably controlled, or a precautionary state-
ment should be included in the procedure. One consequence of the
evaluation of robustness and ruggedness should be that a series of
system suitability parameters is established to ensure that the validity
of the analytical procedure is maintained whenever used. Typical var-
iations are the stability of analytical solutions, different equipment,
and different analysts. In the case of liquid chromatography, typical
variations are the pH of the mobile phase, the mobile phase compo-
sition, different lots or suppliers of columns, the temperature, and the
flow rate. In the case of gas chromatography, typical variations are
different lots or suppliers of columns, the temperature, and the flow
rate.
System suitability tests are based on the concept that the equip-

ment, electronics, analytical operations, and samples to be analyzed
constitute an integral system that can be evaluated as such. System
suitability test parameters to be established for a particular procedure
depend on the type of procedure being evaluated. They are especially
important in the case of chromatographic procedures. Submissions to
the USP should make note of the requirements under the System Suit-
ability section in the general test chapter Chromatography h621i.

Data Elements Required for Validation

Compendial test requirements vary from highly exacting analytical
determinations to subjective evaluation of attributes. Considering this
broad variety, it is only logical that different test procedures require
different validation schemes. This chapter covers only the most com-
mon categories of tests for which validation data should be required.
These categories are as follows:

Category I—Analytical procedures for quantitation of major com-
ponents of bulk drug substances or active ingredients (including pre-
servatives) in finished pharmaceutical products.

Category II—Analytical procedures for determination of impuri-
ties in bulk drug substances or degradation compounds in finished
pharmaceutical products. These procedures include quantitative as-
says and limit tests.

Category III—Analytical procedures for determination of perfor-
mance characteristics (e.g., dissolution, drug release).

Category IV—Identification tests.
For each category, different analytical information is needed. List-

ed in Table 2 are data elements that are normally required for each of
these categories.
Already established general procedures (e.g., titrimetric determina-

tion of water, bacterial endotoxins) should be
~

verified to establish
their suitability for use, such as~USP31 their accuracy (and absence
of possible interference) when used for a new product or raw material.
The validity of an analytical procedure can be verified only by la-

boratory studies. Therefore, documentation of the successful comple-
tion of such studies is a basic requirement for determining whether a
procedure is suitable for its intended application(s). Current compen-
dial procedures are also subject to regulations that require demonstra-
tion of suitability under actual conditions of use

~

(see Verification of
Compendial Procedures h1226i for principles relative to the verifica-
tion of compendial procedures).~USP31 Appropriate documentation
should accompany any proposal for new or revised compendial ana-
lytical procedures.

Table 2. Data Elements Required for Validation

Analytical
Performance
Characteristics Category I

Category II

Category III Category IVQuantitative
Limit
Tests

Accuracy Yes Yes * * No
Precision Yes Yes No Yes No
Specificity Yes Yes Yes * Yes
Detection Limit No No Yes * No
Quantitation Limit No Yes No * No
Linearity Yes Yes No * No
Range Yes Yes * * No

* May be required, depending on the nature of the specific test.
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BRIEFING

h1251iWeighing on an Analytical Balance,USP 31 page 712. On
the basis of comments received and because of extensive changes and
reorganization to the previous proposal published in PF 33(4), a new
draft is proposed for this general information chapter and the PF
33(4) proposal is cancelled. In addition, a section on minimum weight
previously published in the general chapterWeight and Balances h41i
is proposed for inclusion.

(GC: H. Pappa) RTS—C58997; C59093; C59085; C58811;
C59083; C59057; C57468; C59080; C59075; C60179

Change to read:

Weighing is a frequent step in analytical procedures, and the bal-
ance is an essential piece of laboratory equipment in most analyses. In
spite of this, weighing is a common source of error that can be diffi-
cult to detect in the final analytical results.The procedure described
here applies directly to electronic balances ; therefore, certain por-
tions of the procedure are not applicable to other types of balance.
The weighing procedure can be separated into three basic steps: plan-
ning, checking the balance, and weighing the material.

&The general information described here applies directly to

electronic balances used in analytical procedures, and certain

portions of the chapter are not applicable to other types of bal-

ances. This chapter should not be considered all-inclusive, and

there are other sources of information that may be useful and

applicable (e.g., NIST, FDA, and balance manufacturers)1

when performing a weighing operation or implementing a

weighing procedure. [NOTE—See Analytical Instrument Qual-

ification h1058i for general information on analytical instru-

ment qualification and classification of the balance being

used.] The recommendations in this chapter are not intended

to meet all the standards stated in Weights and Balances h41i

but instead to provide for recommendations for balances used

in all analytical procedures.&1S (USP32)

PLANNING

The initial step is to assemble the proper equipment, such as con-
tainers for weighing, receiving vessels, forceps, pipets, spatulas of
proper size, and so forth. Use containers of size such that the loading
capacity of the balance is not exceeded. Make sure that the containers
selected to receive the weighed material are clean and dry. Assemble
the necessary chemicals if solutions or reagents are required.

Preparation of the material to be weighed is often necessary. The
material may require grinding or drying. Some materials may have
been heated or stored in a refrigerator. Materials must be brought to
the temperature of the balance before they are weighed. To avoid con-
densation of moisture, refrigerated materials must be allowed to come
to room temperature before the container is opened.

CHECKING THE BALANCE

In the next step it is important to remember that, unless the balance
is checked before each weighing operation is performed, errors can
easily occur, resulting in faulty analytical data. The balance user
should check the Balance Environment, Calibration, and Balance
Uncertainties. Do not assume that the balance has been left in the
proper operating condition by the previous user.

Balance Environment

The balance is placed in a suitable location with sufficiently low
levels of vibration and air current. It must have a constant electrical
supply. The balance and the surrounding work area have to be kept
neat and tidy. It is good practice to use a camel’s hair brush or its
equivalent to dust the balance pan before any weighing so as to re-
move any materials that may have been left by the previous operator.
[NOTE—Individuals must clean up debris, dispose of any spilled ma-
terials or paper, and remove the vessels and apparatus used in making
the measurements.] When a balance is moved, it must be allowed to
adjust to the temperature of its new environment and be recalibrated.

Calibration

If necessary, turn on the power, and allow the balance to equilibrate
for at least 1 hour before proceeding with the calibration. (Microba-
lances may require up to 24 hours to reach equilibrium.) If the balance
power has gone off and then has come back on, as in a power outage,
certain types of balance may display a message indicating that the
balance must be calibrated before a weighing is made. If the operator
touches the balance bar, the message may be cleared and the balance
may display zeros; however, the balance will not give the correct
weighing until it has been calibrated. Electronic analytical balances
have an internal calibration system based on an applied load. The cal-
ibration applies for the current ambient temperature.

Balance Uncertainties

DRIFT REDUCTION

Drift is one of the most common errors, and it is also one of the
easiest to reduce or eliminate. Balance drift can be present without
the operators being aware of the problem. Check the sample, the bal-
ance, and the laboratory environment for the following causes of er-
rors, and eliminate them:
1. A balance door is open.
2. Temperatures of the balance and the material to be weighed are

not the same.
3. The sample is losing or gaining weight.
4. The balance has been recently moved but has not been allowed

to equilibrate to its surroundings or has not been recalibrated.
5. Air currents are present in the laboratory.
6. Temperatures in the laboratory vary.
7. The balance is not properly leveled.
8. Laboratory operations are causing vibration.
9. Hysteresis of the mechanical parts occurs during weighing.

MECHANICAL HYSTERESIS

Hysteresis in the balance is caused by excessive stretching of the
springs, and it is primarily due to overloading or to the accidental
dropping of an object onto the pan. Microbalances are very sensitive
to overload and shock. When using a microbalance, set the lever to

1 Also see: Ted Scorer, Michael Perkin, Mike Buckley and ‘‘Good
Practice Guide No. 70Weighing in the Pharmaceutical Industry,’’ Na-
tional Physical Laboratory, Teddington, Middlesex, United Kingdom,
for additional details. Nomenclature in this chapter tends to follow
this document, except where in conflict with USP terms.
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the rest position when adding or removing material; turn the lever to
the weigh position to register the weight. In some cases, drift due to
hysteresis can be eliminated by allowing the balance to stand without
weighing long enough for it to recover. If stretching of the springs is
excessive, an expensive balance overhaul may be needed. In the case
of electronic force restoration balances, springs are replaced by flex-
tures, and the term creep is more appropriate than hysteresis.

QUALITYASSURANCE PROCEDURE FOR MEASUREMENT

OF BALANCE DRIFT

Over an extended period of time, balance drift and other day-to-day
variations are monitored by weighing a fixed check-weight on a reg-
ular basis; this check should be performed after the balance has been
calibrated at the ambient laboratory temperature. The check should be
made before the first weighing of the day or after any event that might
disturb the balance’s calibration (power failure, moving the balance to
a new location, etc.). The check-weight may be any object whose
mass remains constant and does not exceed the load limit of the bal-
ance. A balance weight makes a reliable check-weight. Each balance
should be provided with a check-weight, which should be stored in a
protective container near the balance.
Perform the following procedures to reduce balance errors and the

possibility of an incorrect reading because of drift:
1. Make certain that the electrical power to the balance is on and

that the level bubble is in the center of the indicator.
2. Calibrate the analytical balance or the microbalance. [NOTE—

Some balances have a calibration lever, which must be returned
fully to its original weighing position. Do not depend upon any
prior calibration.]

3. The first person to use the balance each day should weigh the
check-weight and record the weight in the log book for compar-
ison with previous readings. If a deviation greater than those in-
dicated below for Analytical Balances and Microbalances is
observed, the balance should be reported for service. [NOTE—
Check-weights tend to gain weight upon standing because of
mishandling and exposure to contaminants in the atmosphere.
These weights can be cleaned by wiping with a lint-free cloth
moistened with a small amount of an appropriate solvent such
as diethyl ether.]

Analytical Balances—Select a check-weight of an appropriate
mass to examine an analytical balance. If possible, set the balance
to read to 5 decimal places. Follow the manufacturer’s operating in-
structions. Pick up the check-weight with a forceps, place it carefully
on the balance pan, and weigh it. [NOTE—Do not drop the weight on
the balance pan, because damage to the balance could result.] Place
the weight in the center of the pan to eliminate corner-weighing dif-
ferences. The accuracy of the weight is not important: the only factor
of interest is whether any drift has occurred. If no drift has taken
place, the value should remain constant. Periodic weighing of a fixed
weight will determine whether the boards (or knife edges in mechan-
ical balances) in the instrument are defective. The check for drift at
the most sensitive position will show whether a problem exists; the
variation in the observed weight does not exceed +0.2 mg. For ex-
ample, with a 20-g weight, if the mean value of the readings were
19.9984, the tolerance would be from 19.9982 to 19.9986 g. Thus,
several readings must be taken before one can establish a tolerance.
[NOTE—The check-weight need not be of high accuracy, but it is es-
sential that its mass remain constant. In addition, the tolerance does
not correspond to the value of 0.1%, specified underWeights and Bal-
ances h41i, for weighing material accurately. Rather, the tolerance is
purposefully tight to reveal possible drift or calibration errors; this
tolerance is readily achievable with modern electronic balances.]

Microbalances—Proceed as directed for Analytical Balances, but
use a check-weight appropriate for the particular balance. For exam-
ple, a 100-mg check-weight might be selected for a balance that has a
load limit of 150 mg; or a 10-mg check-weight might be used for an
ultramicrobalance with a load limit of 15 mg. (The operator must
know the maximum capacity of the balance to select the correct
check-weight.) The balance indicates the weight in milligrams. Re-
cord the weight as soon as the reading is stable for a few seconds.
The variation in weighings ought to be within a range commensurate
with the specifications given by the balance manufacturer, but not
greater than 0.1% of the amount of material typically weighed on

the particular balance. For example, if 10-mg samples are routinely
weighed, the variation in the weighings of the check-weight cannot
exceed 0.01 mg.

WEIGHING THE MATERIAL

In this final step, select the number of decimal places required for
the analytical procedure. In most pharmaceutical analyses small
quantities of material are used, requiring the balance reading to be
set to the fifth decimal place to achieve the necessary accuracy.
Weighing read with four decimal places is preferred for weighing
near-gram quantities. Do not allow the material to remain on the bal-
ance for an extended period of time because changes, caused by in-
teraction with atmospheric water or carbon dioxide, may take place.

Load Limit

Select the appropriate balance for the quantity and accuracy need-
ed. Each balance has a load limit, which should not be exceeded.
Each balance manufacturer supplies the maximum loading condition,
and this limit varies with the type of balance. The operator should
know this limit so that the balance will not be damaged. [NOTE—Elec-
tronic balances operate on a ‘‘load cell’’ principle that produces an
electrical output proportional to the movement of the strain gauge
and is linear over the range.]

Receivers

The proper receiver for the material must be selected. The recei-
ver’s weight plus the weight to be measured must not exceed the max-
imum load for the balance; the size and shape of the receiver should
permit it to fit into the space and on the balance pan without interfer-
ing with any operation. It is important that the receiver be clean and
dry. Common receivers are weighing bottles, weighing funnels,
flasks, and weighing paper. The correct receiver depends upon the
quantity and type of material (liquid, solid, or powder) to be weighed.
All other things being equal, a vessel of low mass should be chosen
when small amounts of material are to be weighed. It is recommended
that gloves, forceps, or another type of gripping device be used when
handling receivers, because oils from the hands will add weight.
The weighing funnel is often the most satisfactory receiver, be-

cause it can function as both a weighing dish and a transfer funnel,
allowing easy transfer to volumetric flasks. Weighing funnels come in
various sizes; the size suitable for the operation should be selected.
Weighing paper may be used for solids. Paper receivers must be

handled by hand, and great care must be used to prevent spills.

Weighing by Difference

Weighing is usually done by difference. The following methods are
acceptable for good analytical results.

METHOD 1

Tare the empty receiver as follows. Place the receiver on the bal-
ance in the center of the pan, and press the appropriate tare key on the
balance. This operation electrically sets the signal from the strain
gauge to zero so that the weight of the receiver is no longer indicated.
Add the material to the receiver, and record the weight. Transfer the
weighed material to the final flask or receiver; then reweigh the orig-
inal weighing receiver by placing it in the same position on the pan.
[NOTE—Do not change the set tare of the balance between these two
weighings.] The second weight represents the untransferred material
and is subtracted from the total material weight to determine the
weight of the transferred material.
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METHOD 2

If the empty receiver is not going to be tared, add the material to the
receiver, and place the receiver on the balance in the center of the pan.
Record the weight, and transfer the weighed material to the final flask
or receiver; then reweigh the original weighing receiver by returning
it to the same position on the pan. The second weight represents the
sum of the weights of the receiver and the untransferred material; sub-
tract this sum from the sum of the total material weight and the re-
ceiver weight to determine the weight of the transferred material.

METHOD 3

This method may be described as quantitative transfer. The mate-
rial is added to the tared receiver, the amount is determined by differ-
ence, and then the whole amount is transferred quantitatively (e.g., by
using a solvent) to the final receiver.

Materials-Handling Safety Procedures

The operator must be familiar with precautions described in the
Material Safety Data Sheet for the substance before weighing it. Haz-
ardous materials must be handled in an enclosure having appropriate
air filtration. Many substances are extremely toxic, are possibly aller-
genic, and may be liquids or finely divided particles. A mask that
covers the nose and mouth should be used to prevent any inhalation
of chemical dust. Gloves should be used to prevent any contact with
the skin. [NOTE—The use of gloves is good practice for handling any
chemical. If it is necessary to handle the container being weighed, the
operator should put on gloves, not only for self-protection but also to
prevent moisture and oils from being deposited on the weighed con-
tainer.] During a weighing, the operator may be exposed to high con-
centrations of the pure substance; therefore, the operator must
carefully consider these possibilities at all times.
Weighings are made on many different types of materials, such as

large solids, finely divided powders, and liquids (viscous or nonvis-
cous, volatile or nonvolatile). Each type of material requires its own
special handling.

Weighing Solids

Solids come in two forms: large chunks, with or without powdery
surface, and finely divided powders or small crystals. If large chunks
with a powdery surface are to be weighed, at least a piece of weighing
paper must be placed on the balance pan to protect it from damage.
Large nonreactive chunks that have no powdery surface may be
placed directly on the pan (for example, a coated tablet). [NOTE—Sol-
id pieces must be handled with forceps, never by hand.]

STATIC CHARGE

Fine powders have a tendency to pick up static charge, which will
cause the particles to fly around. This static charge must be eliminated
before a suitable weighing can be made. An antistatic device may be
used to minimize this problem. [NOTE—Such devices may use piezo-
electric components or a very small amount of a radioactive element
(typically polonium) to generate a stream of ions that dissipate the
static charge when passed over the powder to be weighed.] The static
charge depends upon the relative humidity of the laboratory, which in
turn depends upon the atmospheric conditions. In certain conditions,
static charge is caused by the type of clothing worn by the operator;
this charge causes large errors in the weighing when discharged.

WEIGHING PROCEDURE

Place the receiver on the balance pan, close the balance door, and
weigh as indicated for Weighing by Difference, with the following
additions. Carefully add the powdered material from a spatula until
the desired amount is added. Use care to avoid spilling. Close the bal-
ance door, and record the weight as soon as the balance shows a stable
reading.

SPILLS

If solids are spilled, remove the receiver, and sweep out all of the
spilled material from the balance. The spilled material must be pro-
perly disposed of and must not be swept out onto the balance table
where other operators may come in contact with the chemical. Then
either start the process over or reweigh the remaining material.
[NOTE—Never return any excess material to the original container.
Any excess material must be disposed of in a proper manner.]

Weighing Liquids

Liquids may be volatile or nonvolatile and viscous or nonviscous.
Each type requires special attention.

WEIGHING PROCEDURE

Weigh as directed for Weighing by Difference, with the following
additions. Liquids should always be weighed into a container that can
be closed so that none of the material is lost. It is best if the liquid can
be added to its receiving container outside the balance because of the
possibility of a spill. [NOTE—Liquids spilled within the balance hous-
ing can cause serious damage to the balance, and they may be difficult
to remove.]
Nonviscous liquids can be handled with a Pasteur capillary pipet

equipped with a small rubber bulb such as a medicine dropper bulb.
The liquid is discharged into its receiver, the top is closed or stop-
pered, and the receiver and contents are weighed. Small quantities
of viscous liquids can be handled by touching a glass stirring rod
to the surface of the liquid and then carefully touching the rod to
the side of the receiving vessel, which allows some of the material
to be transferred.

Weighing Corrosive Materials

Many chemicals, such as salts, are corrosive, and materials of this
nature should not be spilled on the balance pan or inside the balance
housing. Extreme care is essential when materials of this nature are
being weighed.

CONCLUSION

By carefully following the procedures outlined above, laboratory
personnel will eliminate many errors that might be introduced into
weighing procedures. However, it is important for each balance to
be serviced and calibrated regularly by a specially trained internal
or external service person. The balance should be tested using
weights traceable to standardization by the National Institute of Stan-
dards and Technology. No repairs should be made to any balance by
anyone other than a qualified maintenance person.

&QUALIFICATION

Users are advised to consult Analytical Instrument Qualifi-

cation h1058i, standard operating procedures, and recommen-

dations from manufacturers in devising qualification plans.
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Installation

A balance’s performance is dependent on the conditions of

the facility where it is installed. Information provided by the

manufacturer should be consulted prior to installing a balance.

SUPPORT SURFACE

The balance should be mounted on a solid, level, nonmag-

netic surface that minimizes the transmission of vibration

(e.g., a floor-mounted, polished-granite weigh bench). If a me-

tallic support surface is used, the surface should be grounded

in order to prevent the buildup of static electricity.

LOCATION

The balance should be located in a room that is temperature

and humidity controlled. The location should have a clean,

consistent electrical power supply. The location should be free

of drafts and should not be near ovens, furnaces, air condition-

er ducts, or cooling fans from equipment or computers. The

balance should be positioned away from outside windows so

that direct sunlight does not strike the balance. The balance

should not be installed near sources of electromagnetic radia-

tion such as radio frequency generators, electric motors, hand-

held communication devices (including cordless telephones,

cellular telephones, and walkie-talkies). The balance should

not be located near magnetic fields induced by laboratory in-

strumentation or other equipment.

In some situations, it may not be possible to position the bal-

ance in an optimum environment. Examples of potential facil-

ity issues include the following:

1. Air currents are sometimes present in the laboratory.

2. Temperatures in the laboratory vary excessively (check

manufacturer’s literature on temperature sensitivity).

3. Humidity is either very low or very high. Either condition

may increase the rate at which the sample weight varies

due to pickup or loss of water. Low humidity increases

buildup of static electricity.

4. Adjacent facility operations are causing vibration.

5. Corrosive materials are used nearby or are routinely

weighed.

6. The balance is located within a fume hood because it is

used to weigh corrosive or hazardous materials.

7. The balance is adjacent to equipment producing a mag-

netic field (e.g., a magnetic stirrer).

In these cases, the performance of the balance should be as-

sessed following installation and prior to use in order to dem-

onstrate adequate performance. In situations where the balance

is located near equipment or systems that induce vibration,

drafts, electromagnetic radiation, magnetic fields, or changes

in temperature or humidity, the assessment should be conduct-

ed with those systems operating in order to duplicate a worst-

case scenario.

Qualification and Routine Checks

Calibration is defined as a set of operations that establish,

under specified conditions, the relationship between values

of quantities indicated by a measuring instrument or measur-

ing system, or values represented by a material measure or a

reference material, and the corresponding values realized by

standards.

If necessary, turn on the power and allow the balance to

equilibrate according to the manufacturer’s instructions (1 to

24 hours, depending on type of balance) prior to performing

calibrations.

Several types of electronic analytical balances use internal

weights for automatic calibration adjustment. This adjustment

can also be applied for changes in the ambient temperature and

is intended to reduce the effect of the drift of the balance over

time. If, the balance system does not provide any clear indica-
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tion regarding the state of calibration, the calibrated state can

only be verified by use of external weights with known mass-

es.

Calibration is normally performed prior to any other quali-

fication measurements and periodically prior to use of the bal-

ance. In Weights and Balances h41i, a check of the state of

calibration is typically performed each day the balance is used

or at appropriate intervals based on applicable standard oper-

ating procedures and the measured weight is within 0.1% of

the certified value.

Operational Qualification

Operational qualification is often performed by the manu-

facturer of the analytical balance but may also include specific

requirements not tested by the manufacturer. Depending on

the balance model, these tests may include testing of the fol-

lowing:

� tare facility

� maximum capacity of the balance

� autocalibration feature

� operation of ancillary equipment, e.g., printer

Performance Qualification

Table 1 provides examples for accomplishing performance

qualification requirements. The examples in the table are not

all-inclusive. Any procedures used should be consistent with

in-house standard operating procedures, applicable for the

specific balance, and adequately justified. Performance quali-

fication would be performed before placing the balance into

routine use and then periodically as described in standard op-

erating procedures.

Table 1. Suggested Performance Qualification Tests

Test Example Considerations for Criteria

Linearity From 3 to 10 points over the range

of the balance.

No more than 0.1% deviation where Weight and

Balances h41i is applicable; for other uses con-

sider how the balance is used, but errors should

not exceed the larger of 0.1% or 1 mg.

Repeatability 10 replicates (near minimum weight

or 1/10 of range).

Manufacturer’s specification; Weights and Bal-

ances h41i requirements, as applicable.

Hysteresis Three measurements covering the

range of the balance, e.g.,

1) 0% of load

2) 50% of load

3) 100% of load

Consider how the balance is used, but errors

should not exceed 0.1% of load.

Eccentricity Eccentricity test should be performed

at four corners of the balance pan

at approximately 50% load.

Consider how the balance is used, but errors

should not exceed 0.1% of load.
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Quality Control Checks (Weight Check)

Analytical balances vary greatly in the features they offer to

ensure that the balance is maintained in a calibrated state. A

weight check using an internal or external check weight en-

sures that the balance is suitable to use. The weight check is

typically performed each day the balance is used or at appro-

priate intervals based on applicable standard operating proce-

dures and the measured weight is within 0.1% of the certified

value. Table 2 provides suggested information on balance

checks using check-weights.

Table 2. Suggested Balance Checks

Topic Example Criteria

Type of material Stable but not necessarily a NIST-traceable external

weight.

Possible need for calibration certificate or weight

history.

Mass of weight Large enough to minimize variation from handling,

e.g., 200 mg for a 4- or 5-place balance, near the

upper limit for microbalances (6–7 place).

Below the maximum weight for the balance and

above the minimum weight for the balance (if es-

tablished).

Frequency of use Time-of-use, daily, or other periodic check. A justified fixed interval needs to be used.

Measurement result Statistical process control and control charts with

limits based on measured performance.

Justified action limit (e.g., no more than 0.1% de-

viation from check weight) based on control

charts with the failure limit based on balance ap-

plication.

Routine weight checks using external weights should be re-

corded in a manner where the data can be used to easily track

balance performance in order to allow for setting of meaning-

ful action and failure limits (such as control charts) and to as-

sist in laboratory investigations as needed.

The check weights that are used should be stored and han-

dled in such a manner as to minimize contamination. Proce-

dures should be in place to address check-weight results that

are observed to be outside acceptable ranges and to provide

assurance that the balance cleanliness and environment have

not affected the result. Also, a procedure for removing a bal-

ance from service due to observed results outside acceptable

ranges should be in place.

Minimum Weight

In addition, Weights and Balances h41i gives specific re-

quirements for balances used in pharmacopeial procedures

with a reportable value expressed in at least three significant

figures2 (see }7.1 Interpretation of Requirements under }7 Test

Results in the General Notices), when substances are to be

‘‘accurately weighed’’. The information used for repeatability

requirements in h41imay also be used to calculate a minimum

weight from the formula:
2 Zeros within a number are always significant. Zeros that do nothing
but set the decimal point are not significant. Trailing zeros that aren’t
needed to hold the decimal point are significant. Examples of where
this requirement would apply are: (1) procedures with specification
limits: 90.0 to 110.0%, 98.0 to 102.0; procedure where result is re-
ported in mg: mg limits for 5 mg tablet where the specification is
90.0 to 110.0% are 4.50 mg to 5.50 mg; limits expressed with three
significant figures; not more than 1.50%, not more than 0.00100%.
Examples of where this requirement would not necessarily apply
are: procedures with specification limits: 90 to 110%; limits ex-
pressed with less than three significant figures not more than 1.5%,
not more than 0.0010%, not more than 150 ppm.
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(k /Urel)s

in which k is the coverage factor (�2); Urel represents the un-

certainty factor of 0.001; and s is the standard deviation, in mg,

of not less than 10 replicate measurements of a mass near the

low end of the operating range. The uncertainty factor of 0.001

is for a reportable value expressed in at least three significant

figures and corresponding uncertainty factors of 0.01 and 0.1

could be used for reportable values with two and one signifi-

cant figures; respectively. Example minimum weights are

shown in the Table 3.

Table 3.

Reportable limit

(number of significant

figures) s = 0.002 s = 0.02 s = 0.2

3 4 40 400

2 0.4 4 40

1 0.04 0.4 4

OPERATION OF THE ANALYTICAL BALANCE

Select the appropriate balance for the quantity and accuracy

needed. Weights and Balances h41i provides requirements

when the reportable value from a pharmacopeial analysis is

expressed on at least three significant figures.

The balance user should check the balance environment (vi-

bration, air currents, cleanliness) and status of calibration.

Receivers

To ensure suitable accuracy in measuring the weight of a

specimen, consideration should be given to selecting a proper

receiver for the material.

GENERAL CHARACTERISTIC

All receivers must be clean, dry, and inert. The total weight

of the receiver plus the specimen must not exceed the weight

capacity of the balance. Therefore, receivers of a low mass are

the most desirable, especially in cases where specimens of low

weight are being measured. Receivers should be constructed

from nonmagnetic materials in order to prevent magnetic in-

terference of electronic balance components. Receivers should

be at ambient temperature in order to prevent the formation of

air currents within the balance cell.

SOLID SAMPLES

Receivers for weighing solid materials include weighing pa-

per, weighing dishes, weighing funnels, or enclosed vessels,

including bottles, vials, and flasks. Papers that are hygroscopic

in nature are not recommended for weighing because they may

have a detrimental effect on the observed results.

Weighing dishes are typically constructed from a polymer or

from aluminum. Specialty ‘‘anti-static’’ weighing dishes are

available for measuring the weights of materials that retain sta-

tic electricity.

Weighing funnels are typically constructed from glass or

from a polymer. The design of this type of receiver combines

attributes of a weighing dish and a transfer funnel, which can

simplify the analytical transfer of a weighed powder to a nar-

row-necked vessel, such as a volumetric flask.

For solid samples that are volatile or deliquescent, it is nec-

essary to weigh the material into an enclosed vessel. Where

practical, an enclosed vessel with a small opening should be

used in order to reduce sample weight loss from volatilization

or weight gain from the adsorption of water from the atmo-

sphere.
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LIQUID SAMPLES

Receivers for liquid samples will typically be inert, enclosed

vessels. For liquid samples that are volatile or deliquescent, an

enclosed vessel with a small opening should be used, and the

enclosure should be replaced rapidly following the transfer of

material. Special precautions should be taken to be certain that

the receiver and the enclosure are constructed from a material

that is compatible with the liquid sample. The receiver and en-

closure must have a seal sufficient to prevent leaks from a liq-

uid that is of low viscosity or has low surface tension or a low

boiling point.

Types of Weighing

QUANTITATIVE ANALYSIS

The initial step for many quantitative analyses is to ac-

curately weigh a specified amount of a sample. Errors intro-

duced during the weighing of a sample will affect the

accuracy of all subsequent analytical measurements.

ADDITION WEIGHING

Addition weighings are typically used for the weighing of

solid samples. The receiver is placed on the balance. After

the balance display stabilizes, tare the balance. Add the desired

amount of material to the receiver, and allow the balance dis-

play to stabilize. Record the weight, and quantitatively transfer

the material to an appropriate vessel.

DISPENSE WEIGHING

Dispense weights are typically used for the weighing of

emulsions or viscous liquids such as a topical ointment. In

these situations, it is not practical to weigh the material into

a typical receiver. Tare the balance. Fill a small transfer pipet

or a syringe with an amount of sample greater than the desired

specimen weight. Wipe the outside of the pipet or syringe

clean and place on the balance. After the balance display sta-

bilizes, record the weight. Transfer the desired amount of sam-

ple to an appropriate receiving vessel, such as a volumetric

flask. Place the pipet or syringe back onto the balance. The

difference in the two weighings is equal to the weight of the

transferred specimen.

Alternatively, the sample can be weighed directly into a

tared vessel such as a volumetric flask, provided that the

weight of the vessel is sufficiently small to allow an accurate

tare and that the total weight of the vessel and the sample spec-

imen do not exceed the accurate range of the balance.

Problem Samples

ELECTRICALLY CHARGED SAMPLES

Dry, finely divided powders may be charged with static elec-

tricity. The static charge will make the powder either attracted

to or repelled by the receiver or the balance. This can cause

inaccurate weight measurements and specimen loss during

transfer. A rapid change in the balance readings should alert

the operator to the possibility that the material has a static

charge. Commercially available balances with a built-in anti-

static device can be used to remedy the problem. Such devices

may use piezoelectric components or a very small amount of a

radioactive element (typically polonium) to generate a stream

of ions that dissipate the static charge when passed over the

powder to be weighed. Anti-static weigh boats, anti-static

guns, and anti-static screens are also commercially available.

The static charge depends on the relative humidity of the la-

boratory, which in turn depends on atmospheric conditions. In

certain conditions, static charge is caused by the type of cloth-

ing worn by the operator; this charge causes large errors in the

weighing. Plastic containers will have a greater tendency to

pick up a static charge, especially at low relative humidity.

The gloves used to protect the operator may also increase

the potential for a static charge problem. Placing the plastic
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container in a metal holder may help to dissipate the static

charge; special anti-static gloves also may help to alleviate

the problem.

VOLATILE SAMPLES

When weighing a liquid that has a low boiling point, the

specimen must be received in a vessel with a gas-tight enclo-

sure of small diameter. Tare the vessel and enclosure. Add the

desired amount of sample, and replace the enclosure. After the

balance display stabilizes, record the specimen weight.

WARM OR COOL SAMPLES

Samples that are warm or cool should be equilibrated in the

laboratory, or the weight readings may be erroneous. With re-

gard to warm samples, the apparent weight will be higher than

the true weight because of heat convection.

HYGROSCOPIC SAMPLES

Hygroscopic materials readily absorb moisture from the at-

mosphere and will steadily gain weight if left exposed. There-

fore, hygroscopic samples must be either weighed promptly or

placed in a vessel with a gas-tight enclosure. For a gas-tight

vessel, tare the vessel and enclosure. Add the desired amount

of sample and replace the enclosure. After the balance display

stabilizes, record the specimen weight.

ASEPTIC OR BIOHAZARDOUS SAMPLES

The weighing of sterile or biohazardous samples will take

place within the confines of a laminar flow hood or similar

containment cabinet. The flow of air within the hood will po-

tentially cause balance instability. It is recommended that, up-

on installation of the balance in the hood, a rigorous

qualification study be performed with suitable weight artifacts

(see Weights and Balances h41i) in order to determine the ac-

ceptability of the balance performance in this environment.

WEIGHING CORROSIVE MATERIALS

Many chemicals, such as salts, are corrosive, and materials

of this nature should not be spilled on the balance pan or inside

the balance housing. Extreme care is essential when materials

of this nature are being weighed. The use of sealed containers

such as weighing bottles or syringes should be considered. In

the event of a spill, requalification of balance may be neces-

sary, depending on the nature of the spill.

SAFETY CONSIDERATIONS WHEN WEIGHING

During a weighing, the operator may be exposed to high

concentrations of the pure substance. The operator must care-

fully consider this possibility at all times and should be famil-

iar with the precautions described in the Material Safety Data

Sheet for a substance before weighing it. Hazardous materials

should be handled in an enclosure having appropriate air filtra-

tion. Many extremely toxic—and possibly allergenic—sub-

stances present as liquids or finely divided particles. When

weighing these substances, a mask that covers the nose and

mouth should be used to prevent any inhalation of the sub-

stance, and gloves should be used to prevent any contact with

the skin. [NOTE—The use of gloves is good practice for han-

dling any chemical. If it is necessary to handle the container

being weighed, the operator should put on gloves, not only for

self-protection but also to prevent moisture and oils from be-

ing deposited on the weighed container.]

BUOYANCY CORRECTION

Buoyancy corrections are not generally needed for typical

pharmaceutical applications; however, this information is pro-

vided as a guide to users that may have a need to apply
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abuoyancy correction to their weighing operation. In general,

buoyancy corrections are applied to mass measurements by

calculating the difference in volume between the material be-

ing weighed and the weight standard, multiplying the volume

difference by the density of air (which is dependent on temper-

ature, relative humidity, and atmospheric pressure) at the bal-

ance or scale, and adding the product to the mass of the

standard. The correction also depends on the type of balance

and method of calibration.3

For powders, the buoyancy correction strictly applies only

to the true density (gas pycnometer) and not the bulk density.

The true density of most organic solids is greater than 1. Many

balances have a program to correct for buoyancy that uses a

value for sample density provided by the user. The manufac-

turer’s instructions should be consulted for the proper way to

correct for buoyancy. For single-pan electronic balances, the

error is generally �0.1% for densities �1 g/cm3. Buoyancy

corrections are crucial only when the weighing error must

be minimized or when the densities of the weighed materials

are low. Examples of buoyancy errors for a single-pan elec-

tronic balance are shown in the accompanying table.

Density Error (%)

2 0.05

0.8 0.1

0.5 0.2

0.4 0.3

0.2 0.6

0.1 1

3 NIST SOP 2, ‘‘Recommended Standard Operations Procedure for
Applying Air Buoyancy Corrections.’’
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Black plate (808,1)

REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

Acetylacetone, USP 31 page 751. It is proposed to include
information regarding the chromatographic phase to be used in the
Assay.

(HDQ: M. Marques) RTS—C63701

Change to read:

Acetylacetone (2,4-Pentanedione; Diacetylmethane), C5H8O2—
100.12 [123-54-6]—Clear, colorless to slightly yellow, flammable
liquid. Soluble in water; miscible with alcohol, with chloroform,
with acetone, with ether, and with glacial acetic acid.
Assay—Not less than 98% of C5H8O2, a suitable gas chromato-

graph equipped with a flame-ionization detector being used and
helium being used as the carrier gas. The following conditions have
been found suitable: a 3-mm 6 1.83-m stainless steel column
containing 10% phase G

&G43&1S (USP32)
on support S1A; the injection port and detector temperatures are
maintained at 2508 and 3108, respectively; the column temperature is
programmed to rise 88 per minute, from 508 to 2208.
Refractive index h831i: between 1.4505 and 1.4525, at 208.

BRIEFING

Alcohol, Denatured. It is proposed to add this new reagent.

(HDQ: M. Marques) RTS—C62909

Add the following:

&Alcohol, Denatured—It is ethyl alcohol to which has

been added some substance or substances which, while

allowing the use of the alcohol in most applications, renders it

entirely unfit for consumption as a beverage. The most

common denaturants used, either alone or in combination, are

the following: methanol, camphor, aldehol, amyl alcohol,

gasoline, isopropanol, terpineol, benzene, castor oil, acetone,

nicotine, aniline dyes, ether, cadmium iodide, pyridine bases,

sulfuric acid, kerosene, and diethyl phthalate. Use a suitable

grade.&1S (USP32)

BRIEFING

Beclomethasone. It is proposed to add this new reagent used in
the Assay test in the monograph for Betamethasone Oral Solution.

(HDQ: M. Marques) RTS—C63539

Add the following:

&Beclomethasone C22H29ClO5—408.92 [4419-39-0]—Use

a suitable grade with a content of not less than 99%.&1S (USP32)

BRIEFING

Calcium Chloride, USP 31 page 762. It is proposed to correct the
CAS number of this reagent.

(HDQ: M. Marques) RTS—C63459

Change to read:

Calcium Chloride, CaCl2 � 2H2O—147.01 [10043-52-4]

&[10035-04-8]&1S (USP32)
—Use ACS reagent grade Calcium Chloride Dihydrate.In
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Black plate (809,1)

BRIEFING

Diatomaceous Earth. It is proposed to add this new reagent used
in the Identification test in the monograph for Prednisone Tablets.

(HDQ: M. Marques) RTS—C63438

Add the following:

&Diatomaceous Earth [91053-39-3]—Use a suitable

grade. [NOTE—A suitable grade is available as Celite

545-AW.]&1S (USP32)

BRIEFING

2,7-Dihydroxynaphthalene. It is proposed to add this new
reagent.

(HDQ: M. Marques) RTS—C63762

Add the following:

&2,7-Dihydroxynaphthalene—See 2,7-naphthalene-

diol.&1S (USP32)

BRIEFING

Hydrogen Peroxide, 30 Percent, Unstabilized. It is proposed to
add this new reagent.

(HDQ: M. Marques) RTS—C63090

Add the following:

&Hydrogen Peroxide, 30 Percent, Unstabilized H2O2—

34.01 [7722-84-1]—Use ACS reagent grade, with an assay

content between 29.0% and 32.0%, without an added

stabilizer.&1S (USP32)

BRIEFING

Hydrogen Peroxide, 50 Percent in Water. It is proposed to add
this new reagent used in the test for Limit of lead in the monograph
for Hydrogenated Starch Hydrolysate.

(HDQ: M. Marques) RTS—C63700

Add the following:

&Hydrogen Peroxide, 50 Percent in Water, H2O2—34.01

[7722-84-1]—Use a suitable grade.&1S (USP32)

BRIEFING

Maltotriose. It is proposed to add this new reagent, which is used
in several monographs.

(HDQ: M. Marques) RTS—C62491

Add the following:

&Maltotriose, C18H32O16—504.44 [1109-28-0]—Use a

suitable grade with a content of not less than 95%.&1S (USP32)

BRIEFING

Phosphatase Enzyme, Alkaline, USP 31 page 789. It is proposed
to specify the type of enzyme that could be used.

(HDQ: M. Marques) RTS—C63454

Change to read:

Phosphatase Enzyme, Alkaline—Use a suitable grade

&from intestinal origin.&1S (USP32)

[NOTE—A suitable grade is available from Worthington Biochem-
ical Corp., www.worthington-biochem.com.]
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Black plate (810,1)

BRIEFING

Silver Nitrate, USP 31 page 796. It is proposed to correct the
CAS number of this reagent.

(HDQ: M. Marques) RTS—C63572

Change to read:

Silver Nitrate, AgNO3—169.87 [7783-99-5]

&[7761-88-8]&1S (USP32)
—Use ACS reagent grade.

BRIEFING

Sodium Cholate Hydrate. It is proposed to add this new reagent.

(HDQ: M. Marques) RTS—C63576

Add the following:

&Sodium Cholate Hydrate (3a,7a,12a-trihydroxy-5b-cholan-

24-oic acid sodium salt; cholalic acid sodium salt),

C24.H39.NaO5.xH2O—430.55 (anhydrous)[206986-87-0]—It

can be from ox or sheep bile. Use a suitable grade with a

content of not less than 99%.&1S (USP32)

BRIEFING

Sorbitol. It is proposed to add this new reagent.

(HDQ: M. Marques) RTS—C63763

Add the following:

&Sorbitol—Use Sorbitol (NF monograph).&1S (USP32)

BRIEFING

Tetrabutylammonium Hydroxide 30-Hydrate. It is proposed to
add this new reagent.

(HDQ: M. Marques) RTS—C63549

Add the following:

&Tetrabutylammonium Hydroxide 30-Hydrate,

C16H37NO � 30H2O—799.93[2052-49-5]—Use a suitable

grade with a content of not less than 98.0%.&1S (USP32)

BRIEFING

Tetrabutylammonium Hydroxide, 40 Percent in Water, USP
31 page 802. It is proposed to delete this reagent. It will be replaced
with Tetrabutylammonium Hydroxide 30-Hydrate.

(HDQ: M. Marques) RTS—C63547

Delete the following:

&Tetrabutylammonium Hydroxide, 40 Percent in Water,
[CH3(CH2)3]4NOH—259.47 [2052-49-5]—Use a suitable
grade.&1S (USP32)

BRIEFING

2,3,7,8-Tetrachlorodibenzo-p-dioxin, 13C-labeled, USP 31 page
802. It is proposed to include information on a suitable supplier of
this reagent.

(HDQ: M. Marques) RTS—C63702

Change to read:

2 ,3 ,7 ,8 -Tetrachlorodibenzo-p -d iox in , 1 3C-labe led ,
13C12H4Cl4O2—333.84—Clear, colorless liquid.
Assay—Inject an appropriate volume into a gas chromatograph

(see Chromatography h621i) equipped with an electron-capture
detector, helium being used as the carrier gas. The following
conditions have been found suitable: a 0.25-mm 6 30-m capillary
column coated with a 1-mm layer of phase G2; the injection port
temperature is maintained at 3008; the detector temperature is
maintained at 3008; and the column temperature is maintained at 708
and programmed to rise 158 per minute to 3008. The area of the
13C12H4Cl4O2 peak is not less than 99.0% of the total peak area.

&NOTE—A suitable grade is available from Cambridge

Isotopes Laboratories (www.isotope.com).&1S (USP32)
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Black plate (811,1)

BRIEFING

2,3,7,8-Tetrachlorodibenzofuran, 13C-labeled, USP 31 page
802. It is proposed to include information about a suitable supplier
of this reagent.

(HDQ: M. Marques) RTS—C63703

Change to read:

2,3,7,8-Tetrachlorodibenzofuran, 13C-labeled, 13C12H4Cl4O—
317.84—Clear, colorless liquid.
Assay—Inject an appropriate volume into a gas chromatograph

(see Chromatographyh621i) equipped with an electron-capture
detector, helium being used as the carrier gas. The following
conditions have been found suitable: a 0.32-mm 6 60-m capillary
column coated with a 1-mm layer of phase G27; the injection port
temperature is maintained at 3008; the detector temperature is
maintained at 3508; and the column temperature is maintained at 708
and programmed to rise 158 per minute to 2758. The area of the
C12H4Cl4O peak is not less than 99.0% of the total peak area.

&NOTE—A suitable grade is available from Cambridge

Isotopes Laboratories (www.isotope.com).&1S (USP32)

Test Solutions

BRIEFING

Test Solutions, USP 31 page 814 and page 444 of PF 34(2)
[Mar.–Apr. 2008]. For Acetic Acid, Glacial, TS, it is proposed to
harmonize the Water content requirements with those in the
European Pharmacopoeia. For Potassium Pyroantimonate TS, it is
proposed to correct the preparation by adding sodium hydroxide
solution, which is necessary because the concentration of sodium
must be close to saturation for precipitation to occur. Finally, it is
proposed to add a new solution, Alcoholic TS, used in Identification
test A: SDS-Polyacrylamide gel electrophoresis in the monograph
for Alpha-Lactalbumin, which appears elsewhere in this issue of PF.

(HDQ: M. Marques) RTS—C62908; C63455; C63573

TEST SOLUTIONS (TS)

Change to read:

Acetic Acid, Glacial, TS—Determine the water content of a
specimen of glacial acetic acid by the Titrimetric Method (see Water
Determination h921i). If the acid contains more than 0.05% of water,
add a few mL of acetic anhydride, mix, allow to stand overnight, and
again determine the water content. If the acid contains less than
0.02% of water, add sufficient water to make the final concentration
between 0.02% and 0.05%, mix, allow to stand overnight, and again
determine the water content. Repeat the adjustment with acetic
anhydride or water, as necessary, until the resulting solution shows a
water content between 0.02% and 0.05%

&of not more than 0.4%.&1S (USP32)

Add the following:

&Alcoholic TS—It contains 95 parts of specially denatu-

rated alcohol 3A with 5 parts of isopropyl alcohol. The final

concentrations are approximately 90% alcohol, 5% methanol,

and 5% isopropanol.
NOTE—A suitable grade is available as Reagent alcohol, catalog

number R8382, available at www.sigma-aldrich.com.&1S (USP32)

Add the following:

&Alkaline Cupric Citrate TS 2—See Cupric Citrate TS 2,

Alkaline.&2S (USP31)

Add the following:

&Ammonia TS 2—Prepare by diluting 13.5 mL of

ammonium water, stronger (see Reagent Specifications in

the section Reagents) with water to make 100 mL.&1S (USP32)

Add the following:

&Cupric Citrate TS 2, Alkaline—With the aid of heat,

dissolve about 173 g of sodium citrate dihydrate and 117 g of

sodium carbonate monohydrate in about 700 mL of water,

and filter. In a second flask, dissolve about 27.06 g of cupric

sulfate (Cu2O4 � 5H2O) in about 100 mL of water. Slowly

combine the two solutions while stirring, and dilute with

water to 1000 mL.&2S (USP31)

Add the following:

&Iodine and Potassium Iodide TS 3—Dissolve 0.127 g of

iodine and 0.20 g of potassium iodide in water, and dilute

with water to 10.0 mL.&1S (USP32)
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Black plate (812,1)

Add the following:

&Lanthanum Nitrate TS—Dissolve 5.0 g of lanthanum

nitrate hexahydrate in 100 mL of water.&1S (USP32)

Add the following:

&Methyl Red TS 2—To 1.86 mL of 0.1M sodium

hydroxide and 50 mL of alcohol, add 50 mg of methyl red,

and dilute with water to 100 mL.&1S (USP32)

Change to read:

Potassium Pyroantimonate TS—Dissolve 2 g of potassium
pyroantimonate in 85 mL of hot water. Cool quickly, and add 10
mL of a solution of potassium hydroxide (3 in 20). Allow to stand
for 24 hours, filter, and dilute with water to 100 mL.

&a solution containing 2.5 g of potassium hydroxide in 50 mL of

water and 1 mL of sodium hydroxide solution (8.5 in 100). Allow to

stand for 24 hours, filter, and dilute with water to 150 mL.&1S (USP32)

Add the following:

&Sodium Hydroxide TS 2—Transfer 8.5 g of sodium

hydroxide to a 100-mL volumetric flask, and dissolve in and

dilute with water to volume.&2S (USP31)

Volumetric Solutions

BRIEFING

Volumetric Solutions,USP 31 page 821 and page 445 of PF
34(2) [Mar.–Apr. 2008]. It is proposed to add a procedure to
standardize Potassium Iodate, Twentieth-Molar (0.05M).

(HDQ: M. Marques) RTS—C63640

Change to read:

Bismuth Nitrate, 0.01 mol/L

~M~USP32

Bi(NO3)3 � 5H2O, 485.07
1000 mL of this solution contains 4.851 g of bismuth nitrate

pentahydrate
Dissolve 4.86 g of bismuth nitrate pentahydrate in 60 mL of dilute

nitric acid, add water to make 1000 mL, and standardize the solution
as follows.
Accurately measure 25 mL of the prepared bismuth nitrate

solution, add 50 mL of water and 1 drop of xylenol orange TS, and
titrate the solution with 0.01 mol/L of disodium dihydrogen
ethylenediamine tetraacetate

~0.01M edetate disodium~USP32
VS until the red color changes to yellow. Calculate the molarity
factor.

Add the following:

&Iodine, Twentieth-Normal (0.05N)
I, 126.90

6.33 g in 1000 mL

Dissolve about 6.5 g of iodine in a solution of 18 g of

potassium iodide in 100 mL of water, add 3 drops of

hydrochloric acid, dilute with water to 1000 mL, and

standardize the solution as follows.
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Black plate (813,1)

Transfer 50.0 mL of the iodine solution to a 250-mL flask,

dilute with water to 100 mL, add 1 mL of 1N hydrochloric

acid, swirl gently to mix, and titrate with 0.1 N sodium

thiosulfate VS until the solution has a pale yellow color. Add

2 mL of starch TS, and continue titrating until the solution is

colorless.

&2S (USP31)

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Chlorobenzene
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of chlorobenzene. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Methanol
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of methanol. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Toluene
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of toluene. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Potassium Iodate, Twentieth-Molar (0.05 M)
KIO3, 214.00

10.70 g in 1000 mL
Dissolve 10.700 g of potassium iodate, previously dried at 1108 to

constant weight, in water to make 1000.0 mL.

& Standardize the solution as follows: To 15.0 mL of solution

in a 250 mL iodine flask, add 3 g of potassium iodide and

3 mL of hydrochloric acid previously diluted with 10 mL of

water. Stopper immediately, and allow to stand in the dark for

5 minutes. Then add 50 mL of cold water, and titrate the

liberated iodine with freshly standardized 0.1 N sodium

thiosulfate. Add 3 mL of starch indicator solution near the

end of the titration, and continue to the absence of the blue-

starch-iodine complex.
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Black plate (814,1)

&1S (USP32)

Change to read:

Sodium Tetraphenylboron, Fiftieth-Molar (0.02 M)
NaB(C6H5)4, 342.22
6.845 g in 1000 mL

Dissolve an amount of sodium tetraphenylboron, equivalent to
6.845 g of NaB(C6H5)4, in water to make 1000 mL, and standardize
the solution as follows.
Pipet two 75-mL portions of the solution into separate beakers,

and to each add 1 mL of acetic acid and 25 mL of water. To each
beaker add, slowly and with constant stirring, 25 mL of potassium
biphthalate solution (1 in 20), and allow to stand for 2 hours. Filter
one of the mixtures through a filtering crucible, and wash the

precipitate with cold water. Transfer the precipitate to a container,
add 50 mL of water, shake intermittently for 30 minutes, filter, and
use the filtrate as the saturated potassium tetraphenylborate solution
in the following standardization procedure. Filter the second mixture
through a tared filtering crucible, and wash the precipitate with three
5-mL portions of saturated potassium tetraphenylborate solution.
Dry the precipitate at 1058 for 1 hour. Each g of potassium
tetraphenylborate (KTPB) is equivalent to 955.1 mg of sodium
tetraphenylboron.

NOTE—Prepare this solution just before use.
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Black plate (815,1)

REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets,USP 31 page
831, and page 448 of PF 34(2) [Mar.–Apr. 2008].

(HDQ) RTS—C40365; C44703; C54641; C56285; C58885

The following table is provided as a reminder for the pharmacist
engaged in the typical dispensing situation who already is acquainted
with the Packaging and storage requirements set forth in the individ-
ual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T),
well-closed (W), and light-resistant (LR) specifications applicable
to containers in which the drug that is repackaged should be dis-
pensed.
This table is not intended to replace, nor should it be interpreted as

replacing, the definitive requirements stated in the individual mono-
graphs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Acitretin Capsules W, LR&1S (USP31)

Add the following:

~

Arginine Capsules T, LR~USP32

Add the following:

~

Arginine Tablets T, LR~USP32

Add the following:

~

Bicalutamide Tablets T~USP32

Add the following:

&Cabergoline Tablets T, LR&1S (USP32)

Add the following:

&Calcium Carbonate and Magnesia

Chewable Tablets W&1S (USP31)

Add the following:

&Calcium Citrate Tablets W&1S (USP32)

Add the following:

&Carvedilol Tablets T, LR&2S (USP31)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

&Cat’s Claw Capsules T, LR&1S (USP31)

Add the following:

&Cat’s Claw Tablets T, LR&1S (USP31)

Change to read:

Cefaclor

&Chewable&2S (USP31)

Tablets T

Add the following:

~

Cefdinir Capsules T, LR~USP32

Add the following:

&Cilostazol Tablets T, LR&1S (USP31)

Add the following:

&Clonazepam Orally Disintegrating

Tablets W, LR&1S (USP32)

Add the following:

&Colestipol Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Curcuminoids Capsules W, LR~USP32

Add the following:

~

Curcuminoids Tablets W, LR~USP32

Add the following:

&Diclofenac Sodium Tablets, Extended-

Release W&1S (USP31)

Add the following:

&Didanosine Tablets for Oral Suspension T&2S (USP31)

Add the following:

&Doxycycline Hyclate Tablets, Delayed-

Release T, LR&1S (USP32)

Add the following:

&Estradiol Vaginal Tablets T&1S (USP31)
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Black plate (816,1)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Fenofibrate Capsules W~USP32

Add the following:

&Fish Oil Containing Omega-3 Acids

Capsules

T&1S (USP31)

Add the following:

~

Flavoxate Hydrochloride Tablets W, LR~USP32

Add the following:

&Galantamine Tablets &1S (USP31)

Change to read:

Asian Ginseng Capsules
T, LR

&

&2S (USP31)

Add the following:

&Glimepiride Tablets W&1S (USP31)

Add the following:

&Hydroxyzine Pamoate Capsules W&1S (USP32)

Add the following:

&Ivermectin Tablets W&2S (USP31)

Add the following:

&Ivermectin and Pyrantel Pamoate

Tablets T&1S (USP32)

Add the following:

&Ketoprofen Capsules, Extended-

Release T&2S (USP31)

Add the following:

~

Lisinopril and Hydrochlorothiazide

Tablets W~USP32

Add the following:

&Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR&2S (USP31)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

&Loratadine Orally Disintegrating

Tablets T&1S (USP32)

Add the following:

&Metronidazole Capsules W, LR&1S (USP32)

Add the following:

~

Mirtazapine Orally Disintegrating

Tablets LR~USP32

Add the following:

&Orbifloxacin Tablets T&1S (USP32)

Add the following:

&Orlistat Capsules T&1S (USP31)

Add the following:

&Orphenadrine Citrate Tablets,

Extended-Release T, LR&1S (USP32)

Add the following:

~

Pantoprazole Sodium Delayed-Release

Tablets T~USP32

Add the following:

&Pilocarpine Hydrochloride Tablets T&1S (USP32)

Add the following:

&Potassium Citrate Tablets W&1S (USP32)

Add the following:

&Raloxifene Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Soy Isoflavones Capsules T, LR~USP32

Add the following:

&Zinc Citrate Tablets W&1S (USP32)
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Black plate (817,1)

BRIEFING

Description and Relative Solubility of USP and NF Articles,
USP 31 page 840, page 266 of PF 29(1) [Jan.–Feb. 2003], page
591 of PF 31(2) [Mar.–Apr. 2005], page 1193 of PF 31(4) [July–
Aug. 2005], page 188 of PF 32(1) [Jan.–Feb. 2006], page 662 of
PF 32(2) [Mar.–Apr. 2006], page 110 of PF 33(1) [Jan.–Feb.
2007], page 285 of PF 33(2) [Mar.–Apr. 2007], page 507 of PF
33(3) [May–June 2007], page 775 of PF 33(4) [July–Aug. 2007],
page 1053 of PF 33(5) [Sept.–Oct. 2007], page 1270 of PF 33(6)
[Nov.–Dec. 2007], page 166 of PF 34(1) [Jan.–Feb. 2008], and page
450 of PF 34(2) [Mar.–Apr. 2008].

(HDQ) RTS—C58919; C42649; C44288; C52887; C53379;
C57519; C43220

Add the following:

&Chlorhexidine Acetate: Awhite or almost white, micro-

crystalline powder. Soluble in alcohol; slightly soluble in gly-

cerol and in propylene glycol; sparingly soluble in

water.&1S (USP32)

Add the following:

&Haloperidol Decanoate: A white or almost white pow-

der. Very soluble in alcohol, in methanol, and in methylene

chloride; practically insoluble in water.&1S (USP32)

Add the following:

&Alpha-Lactalbumin: Free-flowing, slightly hygroscop-

ic light cream-colored powder. Soluble in wide pH ranges.

Freely soluble in water; insoluble in methanol, in alcohol, in

ether, and in acetone. NF category: Buffering agent; bulking

agent for freeze-drying; coating agent; complexing agent;

emulsifying and/or solubilizing agent; stiffening agent; sus-

pending and/or viscosity-increasing agent; tablet binder; tablet

and/or capsule diluent; vehicle.&1S (NF27)

Add the following:

&Lamotrigine: A white-to pale cream-colored powder.

Slightly soluble in 0.1 N hydrochloric acid, in acetone, in

methanol, and in water.&1S (USP32)

Change to read:

Metronidazole: White to pale yellow, odorless crystals or crys-
talline powder. Is stable in air, but darkens on exposure to light.

&Soluble in dilute hydrochloric acid (1 in 2);&1S (USP32)

sparingly soluble in water and in alcohol; slightly soluble in ether and
in chloroform.

Add the following:

&Olanzapine: A yellow crystalline solid. Soluble in n-

propanol; sparingly soluble in acetonitrile; slightly soluble in

methanol and in dehydrated alcohol; practically insoluble in

water.&1S (USP32)

Add the following:

&Rocuronium Bromide: Almost white or pale yellow.

Slightly hygroscopic powder. Freely soluble in water and in

dehydrated alcohol.&1S (USP32)
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and published in the

Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an item is adopted, it is

published in the USP–NF, its Supplements, or an IRA. Those items that have not yet been adopted are marked as Pending Pro-

posals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Requirements; USP

monographs; Dietary Supplements Monographs; General Chapters; Reference Tables; Excipients; and NF Monographs. Each

entry in the Pending Proposals list contains the monograph title and the citation of the most recent publication of the monograph.

Reprints of PF proposals may be purchased from USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.
� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible for the

proposed revisions. The contact information (phone number and email) for the Scientific Liaison is available in the Staff

Directory section of How to Use PF. For USP–NF Online subscribers, the name and contact information for the assigned

Scientific Liaison is available in the Auxiliary Information portion of each monograph.
� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chapter of

interest.
� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general chapter in the

subject line of the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were pending,

but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e., 34(1) through 34(6)].

Note that canceled proposals may be republished in PF to be considered for future adoption into the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

General Notices (entire General Notices and Requirements revised) 34 1 40

USP Monographs
Acarbose (new) 33 3 388
Acetylcysteine—USP Reference standards, Assay 31 3 726
Acitretin (new) 33 3 390
Acitretin Capsules (new) 33 3 392
Albendazole—Assay 34 1 69
Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add)
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Sulfate—USP Reference standards, Assay 34 2 242
Albuterol Tablets—Assay 31 3 726
Alfuzosin Hydrochloride (new) 34 1 69
Allopurinol—Related compounds, Limit of hydrazine (add) 34 1 70
Alprazolam—USP Reference Standards, Identification, Loss on drying,
Chromatographic purity (delete), Related compounds (add), Assay

33 5 868

Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable—
Tablets (new)

29 6 1836

Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets—
Title (name change), Defoaming activity (delete)

33 5 870

Alumina, Magnesia, and Simethicone Chewable Tablets (new)—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia, and Simethicone Oral Suspension—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Tablets—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Chewable Tablets—
Defoaming activity (delete)

33 5 871

Aluminum Acetate Topical Solution—Identification 34 2 242
Aluminum Subacetate Topical Solution—Identification 34 2 242
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Amiloride Hydrochloride and Hydrochlorothiazide Tablets—Dissolution 33 4 636
Aminophylline—CAS number 34 1 72
Amodiaquine Hydrochloride—USP Reference standards, Identification,
Chromatographic purity, Assay

34 2 243

Anastrozole (new) 34 2 244
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Arginine Capsules (new) 33 6 1160
Arginine Tablets (new) 33 6 1161
Atovaquone—Heavy metals, Assay 34 2 247
Atovaquone Oral Suspension—Assay 34 2 247
Avobenzone—Assay 33 5 872
Aztreonam—Definition, Labeling, Identification, Water 33 5 872
Aztreonam for Injection—Assay 31 3 737
Bacitracin—Chemical structure (add), Definition,
Identification, Residue on ignition (add),
Composition (add)

33 5 873

Bacitracin Zinc—Definition, Identification,
Composition (add)

33 5 875

Baclofen—Assay 33 2 211
Benzonatate Capsules—Dissolution 33 3 394
Bicalutamide (new) 33 5 876
Bicalutamide Tablets (new) 34 1 73
Biological Indicators for Moist Heat, Dry Heat, and Gaseous
Modes of Sterilization, Metal or Plastic Carriers (new)

30 1 63

Biological Indicators for Moist Heat, Dry Heat, and Gaseous
Modes of Sterilization, Liquid Spore Suspensions (new)

30 1 66

Bismuth Subsalicylate Magma—Packaging and storage 33 4 638
Bisoctrizole (new) 32 2 309
Bupivacaine Hydrochloride—CAS number 34 1 75
Bupropion Hydrochloride—Identification, Related compounds,
Content of chloride (delete)

33 4 638

Bupropion Hydrochloride Tablets—Identification 33 2 211
Buspirone Hydrochloride—Content of chloride 31 3 742
Cabergoline (new) 34 1 75
Calcitonin Salmon (new) 33 5 878
Calcium Carbonate and Magnesia Tablets (title change)—Labeling 33 2 211
Calcium Carbonate and Magnesia Chewable Tablets (new) 33 2 212
Calcium Carbonate, Magnesia, and Simethicone Tablets (new)—
Defoaming activity (delete)

33 5 888

Calcium Carbonate, Magnesia, and Simethicone Chewable
Tablets (new)—Defoaming activity (delete)

33 5 888

Camphor—Water 31 3 742
Carbachol—Identification 33 2 213
Carbachol Intraocular Solution—Identification 33 2 213
Carbachol Ophthalmic Solution—Identification 33 2 214
Carvedilol (new) 32 4 1057
Carvedilol Tablets (new) 33 5 888
Cefaclor Capsules—Identification, Related compounds, Assay 34 2 248
Cefdinir (new) 33 6 1162
Cefdinir for Oral Suspension (new) 34 1 81
Cefaclor Tablets (new) 33 4 641
Cefotetan Disodium—Water, Method Ic 34 1 86
Cefotetan for Injection—Water, Method Ic (add), Other requirements 34 1 86
Chlorhexidine Gluconate Oral Rinse—Labeling, USP Reference
standards

34 2 250

Chlorhexidine Gluconate Solution—USP Reference standards,
Limit of p-chloroaniline, Assay

34 2 250

Chloroquine—Assay 34 1 86
Chloroquine Phosphate—USP Reference standards,
Identification, Assay

34 2 251

Ciclopirox—Related compounds 33 4 642
Ciclopirox Olamine—Related compounds 33 4 643
Cilostazol Tablets (new) 33 3 395
Cisapride (new) 34 2 253
Citalopram Hydrobromide—Identification, 33 2 214
Anhydrous Citric Acid (Harmonization), Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization), Sulfate 31 3 750
Citric Acid, Magnesium Oxide, and Sodium Carbonate
Irrigation—USP Reference standards, Assay for citric
acid (delayed implementation to January 1, 2009)

31 2 394
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Cladribine—Specific rotation, Related compounds 33 1 49
Climbazole (new) 33 5 891
Clonazepam Orally Disintegrating Tablets (new) 34 2 254
Clopidogrel Tablets—Related compounds 33 1 50
Clozapine—USP Reference standards, Identification,
Chromatographic purity (delete), Related compounds (add)

33 5 893

Colchicine—Definition 33 3 396
Colestipol Hydrochloride—Identification 33 5 895
Colestipol Hydrochloride for Oral Suspension—
Identification (add)

33 5 896

Colestipol Hydrochloride Tablets (new) 33 5 896
Cupric Sulfate—Limit of calcium 33 5 898
Cyromazine (new) 33 4 644
Dalteparin Sodium (new) 30 5 1598
Dantrolene Sodium Capsules—Dissolution 33 4 645
Dapsone—Assay 31 3 750
Acellular Dermal Matrix (new) 33 5 898
Desmopressin Nasal Spray Solution (new) 31 4 1059
Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclofenac Potassium—Identification 34 1 87
Diclofenac Potassium Tablets—Dissolution, Loss on drying (delete),
Limit of potassium (delete), Related compounds, Assay

34 2 257

Diclofenac Sodium Delayed-Release Tablets—Identification 31 3 751
Diclofenac Sodium Extended-Release Tablets (new) 33 2 218
Didanosine—USP Reference standards, Related compounds 34 1 87
Didanosine Tablets for Oral Suspension (new) 33 5 903
Dihydrocodeine Bitartrate—Definition 33 3 396
Dihydroxyaluminum Sodium Carbonate Chewable
Tablets (new)

29 6 1873

Diethylstilbestrol Diphosphate (delete entire monograph) 33 6 1165
Diethylstilbestrol Diphosphate Injection (delete entire monograph) 33 6 1167
Diltiazem Hydrochloride—Definition 33 5 907
Dimenhydrinate—Identification 33 5 907
Dimenhydrinate Injection—USP Reference standards, Identification 33 5 907
Dimethyl Sulfoxide—Definition, Congealing temperature (delete),
Substances darkened by potassium hydroxide (delete), Limit of
dimethyl sulfone (delete),Limit of nonvolatile residue,
Related compounds (add), Assay (add)

34 1 88

Dinoprost Tromethamine Injection (new) 33 5 908
Dipivefrin Hydrochloride—Assay 34 1 89
Disopyramide Phosphate—Assay 34 1 90
Dronabinol—Packaging and storage, Related compounds, Assay 34 1 90
Dyclonine Hydrochloride— Chemical information 33 6 1167
Egg Phospholipids (new) 31 3 757
Enalapril Maleate and Hydrochlorothiazide Tablets—
Dissolution

33 2 220

Enoxaparin Sodium (new) 33 1 52
Enoxaparin Sodium Injection (new) 33 1 58
Epinephrine—Assay 34 1 91
Eprinomectin (new) 33 1 60
Esomeprazole Magnesium (new) 33 3 397
Estradiol—Chemical information, Labeling (add) 33 6 1167
Estradiol Benzoate (new) 33 2 220
Estradiol Vaginal Inserts (new) 32 4 1071
Conjugated Estrogens—Definition 30 3 840
Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Ethinyl Estradiol Tablets—Disintegration (delete), Dissolution (add) 31 4 1067
Ethionamide—Assay 33 4 648
Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Eucatropine Hydrochloride (delete entire monograph) 33 6 1168
Eucatropine Hydrochloride Ophthalmic Solution (delete entire
monograph)

33 6 1168

Famotidine Injection (new) 32 2 333
Fenofibrate (new) 31 3 763
Fenofibrate Capsules (new) 34 2 258
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride
Extended-Release Tablets—Labeling (add), Identification, Dissolution,
Related compounds, Assay

34 2 262

Flavoxate Hydrochloride (new) 33 6 1172
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Flavoxate Hydrochloride Tablets (new) 33 6 1174
Fluconazole—Related compounds 34 1 96
Fluconazole Injection (new) 34 2 266
Fludarabine Phosphate Injection (new) 33 2 232
Fludeoxyglucose F 18 Injection—Chemical purity 33 6 1176
Flumazenil Injection—Bacterial endotoxins 33 2 234
Flurazepam Hydrochloride—Identification 31 3 766
Fluvestrant (new) 33 5 99
Formaldehyde Solution—Definition, Labeling (delete),
Content of methanol (add), Assay

33 4 650

Formoterol Fumarate (new) 33 3 402
Foscarnet Sodium (new) 34 1 97
Fosphenytoin Sodium—Related compounds, Assay 34 2 270
Galantamine Hydrobromide (new) 33 2 234
Galantamine Tablets (new) 33 3 407
Glimipiride Tablets (new) 33 3 411
Glutaral Concentrate—Specific gravity 31 3 766
Glyburide Tablets—Dissolution 33 4 651
Glyburide and Metformin Hydrochloride Tablets (new) 31 3 766
Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride (new) 33 6 1176
Heparin Sodium—Definition, Anti-factor Xa

activity, Assay
33 2 238

Hydrocodone Bitartrate and Homatropine Methylbromide Tablets—
Labeling (add), Dissolution (add)

33 4 654

Hydroxyzine Pamoate—Identification, Residue on ignition,
Heavy metals, Pamoic acid content (delete), Assay

34 2 271

Hydroxyzine Pamoate Capsules—Identification, Assay 34 2 272
Hydroxyzine Pamoate Oral Suspension—Identification, Assay 34 2 273
Hyoscyamine Sulfate—Specific rotation 33 4 659
Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Iopamidol—Chemical structure, Reference standards, Identification,
Related compounds

33 6 1179

Iopamidol Injection—Assay 33 6 1182
Ipratropium Bromide (new) 33 2 241
Isopropyl Alcohol—Reference standards 33 6 1182
Isosorbide Mononitrate Extended-Release Tablets (new) 33 4 659
Isotretinoin Capsules—Dissolution (add), Chromatographic
purity, Assay

34 2 274

Ivermectin—Definition 33 5 912
Ivermectin Injection (new) 33 5 913
Ivermectin Paste (new) 33 5 914
Ivermectin Topical Solution (new) 33 5 916
Ivermectin Tablets (new) 33 5 918
Ivermectin and Clorsulon Injection (new) 33 5 921
Ivermectin and Pyrantel Pamoate Tablets (new) 34 2 277
Ketoprofen—Assay 31 3 772
Ketoprofen Extended-Release Capsules (new) 31 5 1378
Letrazole Tablets—Related compounds 33 2 244
Levalbuterol Hydrochloride (new) 33 3 416
Levalbuterol Inhalation Solution (new) 33 3 420
Levorphanol Tartrate—Assay 34 2 280
Levothyroxine Sodium—Definition, Identification,
Water, Method III (delete), Water, Method I (add),
Limit of inorganic iodides (delete),
Limit of liothyronine sodium (delete),
Related compounds (add), Assay

33 3 422

Levothyroxine Sodium Tablets—Definition 34 1 100
Lindane—Assay 34 2 280
Liothyronine Sodium—Identification, Limit of
inorganic iodide (delete), Limit of
levothyroxine sodium, Assay

33 3 426

Lipid Injectable Emulsion (new) 32 2 350
Lisinopril and Hydrochlorothiazide Tablets (new) 33 6 1182
Loratadine and Pseudoephedrine Sulfate Extended-Release Tablets (new) 32 6 1715
Lorazepam—USP Reference standards, Identification,
Related compounds, Assay

33 3 427

Lorazepam Tablets—Related compounds 33 3 429
Mafenide Acetate Cream—Identification 34 2 280
Magadrate and Simethicone Tablets—Title (name change),
Defoaming activity (delete)

33 5 923
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Magaldrate and Simethicone Chewable Tablets (new)
Defoaming activity (delete)

33 5 924

Magnesium Carbonate and Citric Acid for Oral Solution—
USP Reference standards (add), Content of anhydrous
citric acid, Other requirements (delayed implementation
to January 1, 2009)

31 2 419

Magnesium Citrate Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 420

Magnesium Citrate for Oral Solution—USP Reference
standards (add), Content of anhydrous citric acid,
Other requirements (delayed implementation
to January 1, 2009)

31 2 421

Mannitol Injection—Labeling 32 2 263
Meclizine Hydrochloride—Chromatographic purity 33 6 1186
Meclizine Hydrochloride Tablets—Identification,
Dissolution, Related compounds, Assay

33 6 1186

Mefenamic Acid—Heavy metals 34 2 281
Mefloquine Hydrochloride—Assay 33 4 667
Meradimate—Assay 34 1 100
Methoxsalen Capsules—Assay 34 1 101
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylphenidate Hydrochloride Tablets—USP Reference
standards, Assay

33 2 246

Methylprednisolone—Chromatographic purity, Assay 33 6 1189
Metronidazole Benzoate—USP Reference standards,
Related compounds

31 3 781

Mineral Oil—CAS number (add), Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add),
Neutrality (delete), Acidity (add), Readily carbonizable
substances, Limit of polynuclear compounds, Limit of sulfur
compounds (add)

33 5 962

Mineral Oil, Rectal—Packaging and storage, USP Reference standards
(add), Identification (add), Neutrality (delete),
Acidity (add)

33 5 964

Topical Light Mineral Oil—Packaging and storage,
Labeling, USP Reference standards (add), Identification,
Viscosity, Neutrality and solid paraffin (delete), Acidity (add),
Solid paraffin (add)

33 5 964

Mirtazapine Orally Disintegrating Tablets (new) 33 6 1189
Morantel Tartrate—pH 32 6 1735
Mupirocin Calcium—Identification, Related compounds, Assay 34 1 101
Mupirocin Cream—Related compounds, Assay 34 2 281
Mycophenolate Mofetil (new) 33 5 924
Naltrexone Hydrochloride—Related compounds 34 2 283
Naphazoline Hydrochloride Ophthalmic
Solution—Assay

33 5 926

Naproxen Delayed-Release Tablets—Drug release 33 6 1192
Nicotine Transdermal System—Drug release, Assay 33 5 927
Norethindrone Tablets—Labeling (add), Disintegration (delete),
Dissolution (add)

33 6 1193

Norethindrone Acetate and Ethinyl Estradiol Tablets—Dissolution 33 3 432
Norethindrone Acetate and Ethinyl Estradiol Tablets—Identification 33 6 1194
Nystatin Oral Suspension—Uniformity of dosage units 34 1 103
Octinoxate—Chromatographic purity, Assay 33 2 246
Octocrylene—Identification, Assay 33 5 929
Ofloxacin—Chromatographic purity (delete), Related
compounds (add)

30 4 1274

Ofloxacin Tablets (new) 33 3 434
Omeprazole Magnesium (new) 33 3 436
Ondansetron Hydrochloride—Limit of ondansetron
related compound D, Assay

32 1 126

Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution

33 3 439

Orbifloxacin (new) 34 2 283
Orbifloxacin Tablets (new) 34 2 286
Orlistat Capsules (new) 32 6 1739
Oxandrolone—Ordinary impurities (delete)
Related compounds (add), Assay

33 2 247
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Oxandrolone Tablets—Identification, Assay 33 5 929
Paclitaxel—USP Reference standards, Related compounds 33 2 250
Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Pantoprazole Sodium (new) 33 6 1194
Pantoprazole Sodium Delayed-Release Tablets (new) 33 6 1197
Paricalcitol—Identification, Chromatographic
purity, Assay

33 2 252

Paroxetine Hydrochloride—Limit of related compound C,
Limit of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine,
Chromatographic purity, Assay

33 5 932

Paroxetine Tablets—Identification, Uniformity of dosage units, Assay 33 4 672
Pectin—Identification 31 3 783
Penicillamine Capsules—Dissolution 31 2 436
Pentazocine and Acetaminophen Tablets —Title, Assay for pentazocine,
Assay for acetaminophen

33 6 1200

Pentobarbital Sodium—Labeling (add), USP Reference
standards, Other requirements (add)

31 1 73

Pergolide Oral Suspension, Veterinary (new) 34 2 289
Permethrin (new) 32 4 1100
Permethrin Cream (new) 34 1 103
Petrolatum (new)—Harmonization 28 2 569
White Petrolatum (new)—Harmonization 28 2 570
Phenylephrine Hydrochloride—Assay 34 2 291
Phenytoin Chewable Tablets (new) 29 6 1965
Pilocarpine Hydrochloride Tablets (new) 34 2 291
Piperazine—USP Reference standards (add), Identification,

Primary amines and ammonia (delete), Chromatographic purity (add)
34 1 105

Piperazine Adipate (new) 33 6 1201
Piperazine Citrate—USP Reference standards (add)
Identification, Primary amines and ammonia (delete)
Chromatographic purity (add), Assay

34 1 106

Piperazine Dihydrochloride (new) 33 6 1202
Piperazine Phosphate (new) 33 6 1204
Polyethlene Glycol 3350 and Electrolytes for Oral Solution—
Reference standards, Assay for potassium and sodium

33 6 1205

Polyvinyl Alcohol—Definition, Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Viscosity,
Residue on ignition, Heavy metals (add), Acid value (add),
Water-insoluble substances, Limit of methanol (methyl alcohol)
and methyl acetate (add)

33 6 1206

Potassium and Sodium Bicarbonates and Citric Acid
Effervescent Tablets for Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 440

Potassium Bitartrate—Limit of ammonia 31 3 786
Potassium Bromide Oral Solution, Veterinary (new) 33 5 936
Potassium Citrate Extended-Release Tablets—USP
Reference standards (add), Assay (delayed implementation
to January 1, 2009)

31 2 443

Potassium Citrate and Citric Acid Oral Solution—USP
Reference standards (add), Assay for citrate
(delayed implementation to January 1, 2009)

31 2 444

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Povidone–Iodine—Nitrogen content 33 5 937
Pravastatin Sodium—Chromatographic purity, Assay 34 2 294
Prednisolone Sodium Phosphate—Definition, Free prednisolone (delete)
Related compounds (add), Assay

34 1 108

Primaquine Phosphate—Identification, Assay 33 5 937
Primaquine Phosphate Tablets—Uniformity of dosage units, Assay 33 5 938
Proguanil Hydrochloride (new) 34 2 296
Promethazine Hydrochloride—USP Reference standards,
Related compounds

32 4 1105

Promethazine Hydrochloride Tablets—USP Reference standards,
Related compounds, Assay

32 4 1107

Propofol Injectable Emulsion (new) 33 6 1208
Propoxycaine and Procaine Hydrochloride and Norepinephrine
Bitartrate Injection—Assay for norepinephrine

34 1 110
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Pseudoephedrine Hydrochloride—Definition, USP Reference standards,
Ordinary impurities (delete), Chromatographic purity (add),
Assay

34 2 298

Pyrimethamine—Identification, Assay 33 5 939
Raloxifene Hydrochloride (new) 33 4 673
Raloxifene Hydrochloride Tablets (new) 33 4 676
Ramipril—Definition, Assay 31 3 787
Ranitidine Hydrochloride—Chromatograpic purity, Assay 34 2 299
Oral Rehydration Salts—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 5 1399

Reserpine Tablets—Uniformity of dosage units 33 3 453
Ritonavir—Related compounds 33 4 679
Salsalate Tablets—Assay 33 6 1211
Saquinavir Mesylate—Heavy metals 33 5 940
Sevoflurane (new) 33 5 940
Simethicone Capsules—Disintegration, Defoaming activity (delete) 33 5 948
Simethicone Oral Suspension—Defoaming activity (delete) 33 5 948
Simethicone Tablets—Defoaming activity (delete) 33 5 948
Simvastatin—Definition, Chromatographic purity 33 5 948
Sodium Bromide Injection, Veterinary (new) 33 5 949
Sodium Bromide Oral Solution, Veterinary (new) 33 5 950
Sodium Chloride—Identification, Loss on drying,
Limit of potassium (postponed indefinitely)

32 2 264

Sucralfate—Identification 33 2 254
Silver Sulfadiazine—Silver content 33 5 951
Sulfadimethoxine Sodium—Loss on drying 33 2 254
Sulfadoxine—Identification, Assay 34 2 300
Sulfadoxine and Pyrimethamine Tablets—Assay 34 2 301
Sulfamethazine Granulated—Assay 31 3 797
Sulfamethoxazole—Packaging and storage 33 3 455
Sulisobenzone—Definition, Identification,
Water (add), Assay

33 3 456

Sumatriptan Succinate (new) 33 3 456
Tamsulosin Hydrochloride (new) 33 6 1211
Tazobactam—Identification, Specific rotation,
Related compounds, Organic volatile
impurities (delete), Assay

34 2 302

Terbinafine Hydrochloride (new) 33 3 459
Terbutaline Sulfate Inhalation Aerosol—USP Reference
standards, Assay

31 2 450

Thiabendazole Chewable Tablets (new) 29 6 1991
Thioguanine—USP Reference standards, Identification,
Limit of guanine

34 2 305

Thioridazine Hydrochloride—Identification 31 3 798
Tiagabine Hydrochloride—Chromatographic purity 34 2 306
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tobramycin Inhalation Solution—Identification (add), Osmolarity,
Chromatographic purity, Other requirements (delete), Assay

34 2 307

Torsemide—Water 33 6 1213
Tramadol Hydrochloride (new) 31 2 458
Tramadol Hydrochloride Tablets (new) 31 2 462
Trandolapril (new) 34 2 310
Travoprost (new) 32 4 1115
Travoprost Ophthalmic Solution (new) 32 4 1118
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Tricitrates Oral Solution—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 2 465

Triclosan—Residue on ignition (delete),
Completeness of solution (add), Assay

33 4 681

Tryptophan—Chromatographic purity (add),
Limit of tryptophan related compound A (add)

33 6 1214

Tylosin Injection (new) 33 5 952
Ursodiol Capsules—Dissolution 31 3 800
Valganciclovir Hydrochloride (new) 33 1 84
Valganciclovir Tablets (new) 33 1 89
Valproic Acid Injection—Title, Definition 34 2 312
Valsartan—Related compounds 33 3 467
Vancomycin Hydrochloride—Labeling (add), USP Reference standards,
Chromatographic purity, Other requirements (add)

34 1 111

Sterile Vancomycin Hydrochloride—(delete the entire monograph) 34 1 112
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Vancomycin Hydrochloride for Injection—Definition,
Chromatographic purity, Assay

34 1 112

Vecuronium Bromide—Related compounds 33 4 682
Verapamil Hydrochloride—Definition 33 5 953
Warfarin Sodium—Chemical information, Identification,
Assay

33 3 468

Warfarin Sodium for Injection—Assay 33 3 469
Warfarin Sodium Tablets—Identification,
Dissolution, Assay

33 3 470

Pure Steam (new) 31 2 467
Water for Hemodialysis—Bacterial endotoxins 31 2 468
Sterile Water for Inhalation—pH (delete), Ammonia (delete),
Calcium (delete), Carbon dioxide (delete), Chloride
(delete), Sulfate (delete), Conductivity (add),
Oxidizable substances

31 3 802

Sterile Water for Injection—Oxidizable substances 31 3 803
Sterile Water for Irrigation—Oxidizable substances 31 3 804
Sterile Purified Water—Oxidizable substances 31 3 804

Dietary Supplements Monographs
Acesulfame Potassium—Packaging and storage (add),
Limit of fluoride

31 3 811

Powdered Bilberry Extract (new) 33 4 685
Calcium Citrate Tablets (new) 34 2 312
Cat’s Claw (new) 32 4 1120
Powdered Cat’s Claw (new) 32 4 1124
Powdered Cat’s Claw Extract (new) 32 4 1124
Cat’s Claw Capsules (new) 32 4 1126
Cat’s Claw Tablets (new) 32 4 1127
Chamomile—Definition, Identification, Microbial enumeration,
Absence of specified microorganisms (add), Volatile oil content,
Content of apigenin-7-glucoside, Content of bisabolan derivatives

33 4 688

Curcuminoids (new) 33 6 1215
Curcuminoids Capsules (new) 33 6 1217
Curcuminoids Tablets (new) 33 6 1218
Fish Oil Containing Omega-3 Acids (new) 33 3 471
Fish Oil Containing Omega-3 Acids Capsules (new) 33 3 477
Ginger—Definition, Packaging and storage,
Botanic characteristics

33 3 478

Powdered Ginger—Packaging and storage,
Botanic characteristics

33 3 479

Asian Ginseng Capsules (new) 30 2 571
Glucosamine Hydrochloride—Specific rotation, Assay 33 4 691
Glucosamine Sulfate Potassium Chloride—Identification, Specific
rotation, Residue on ignition, Assay

33 4 692

Glucosamine Sulfate Sodium Chloride—Identification, Specific rotation,
Residue on ignition, Assay

33 4 692

Powdered Decaffeinated Green Tea Extract (new) 33 6 1220
Lutein—Residue on ignition, Zeaxanthin and
other related compounds, Content of lutein

33 2 255

Lutein Preparation—Definition, Water, Residue on
ignition, Heavy metals, Zeaxanthin and other related
compounds, Content of lutein

33 2 255

Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Maritime Pine—Identification, Content of procyanidins 32 4 1140
Maritime Pine Extract—Identification, microbial enumeration,
Content of procyanidins

32 4 1142

Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Potassium Citrate Tablets (new) 34 2 313
Sodium Benzoate—USP Reference standards (add),
Identification

31 3 818

Powdered Soy Isoflavones Extract (new) 33 6 1224
Soy Isoflavones Capsules (new) 33 6 1227
Soy Isoflavones Tablets (new) 33 6 1228
Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
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Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Xanthan Gum—Assay 31 3 821
Zinc Citrate (new) 34 2 315
Zinc Citrate Tablets (new) 34 2 316
Zinc and Vitamin C Lozenges (new) 34 2 317

USP General Test Chapters
h1i Injections—Labels and Labeling 33 3 494
h11i USP Reference Standards— 29

30
31
31
31
31
32
32
32
33
33
33
33
33
33
34
34

6
5
2
4
5
6
1
2
4
1
2
3
4
5
6
1
2

2022
1674
507
1154
1433
1680
181
407
1161
95
267
497
716
981
1256
142
332

h41i Weights and Balances—Introduction, Repeatability (add),
Verification of Accuracy (add), Calibration Check (add)

33 4 716

h55i Biological Indicators—Resistance Performance
Tests—Total Viable Spore Count, D-Value Determination

30 1 212

h85i Bacterial Endotoxins Test—Harmonization 33 3 539
h121i Insulin Assays—Appendix (add) 30 5 1675
h191i Identification Tests—General—Introduction, Acetate, Ammonium 34 2 333
h207i Test for 1,6-Anhydro Derivative for Enoxaparin Sodium (new) 34 1 143
h231i Heavy Metals—Method II 32 1 182
h271i Readily Carbonizable Substances Test 33 6 1258
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h381i Elastomeric Closures for Injections—(entire submission) 30 1 220
h429i Light Diffraction Measure of Particle Size (new)—
Harmonization

31 4 1234

h503i Acetic Acid in Peptides (new) 33 2 268
h525i Sulfur Dioxide (new) 33 3 498
h601i Aerosols, Nasal Sprays, Metered-Dose Inhalers,
and Dry Powder Inhalers—Harmonization

33 3 550

h616i Bulk Density and Tapped Density—Harmonization 31 3 909
h621i Chromatography—System Suitability, Glossary of Symbols 34 1 152
h643i Total Organic Carbon—Introduction, Apparatus
Requirements, Glassware Preparation, Standard Solution, Test
Solution, Other Control Solutions, System Suitability, Procedure

33 4 720

h645i Water Conductivity—Introduction, Instrument Specifications
and Operating Procedures

33 4 722

h661i Containers—Plastics—Introduction, Polyethylene
Containers, Polypropylene Containers

34 2 335

h671i Containers—Performance Testing—Introduction,
Moisture Permeation, Light Transmission Test

34 2 337

h699i Density of Solids (new)—Harmonization 31 3 912
h701i Disintegration—Apparatus 34 1 155
h729i Globule Size Distribution in Lipid Injectable Emulsions—
Method II—Measurement of Large Globule Content by Light
Obscuration or Extinction Method

34 2 341

h741i Melting Range or Temperature—Introduction,
Procedure for Class I, Apparatus I,
Procedure for Class I, Apparatus II

33 5 982

h785i Osmolality and Osmolarity—Measurement of Osmolality 34 1 157
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h797i Pharmaceutical Compounding—Sterile Preparations—
Environmental Monitoring (add)

32 3 852

h811i Powder Fineness—Harmonization 31 1 228
h941i X-Ray Diffraction (new)—Harmonization 31 4 1241

General Information Chapters
h1010i Analytical Data—Interpretation and Treatment—
Measurement Principles and Variation, Appendixes B, C, D, E, F

33 4 726

h1058i Analytical Instrument Qualification (new) 32 6 1784
h1078i Good Manufacturing Practices for Bulk Pharmaceutical
Excipients (entire chapter revised)

34 2 343

h1082i Genotoxicity Testing (new) 30 1 264
h1087i Apparent Intrinsic Dissolution—Dissolution Testing
Procedures for Rotating Disk and Stationary Disk
(entire chapter revised)

33 2 269

h1116i Microbiological Evaluation of Clean Rooms and
Other Controlled Environments (entire chapter revised)

31 2 524

h1119i Near-Infrared Spectrophotometry (entire chapter revised) 33 4 737
h1121i Nomenclature—General Nomenclature Forms 34 1 159
h1125i Nucleic Acid-Based Techniques—General (new) 33 5 984
h1126i Nucleic Acid-Based Techniques—Extraction,
Detection, and Sequencing (new)

33 5 990

h1127i Nucleic Acid-Based Techniques—Amplification (new) 33 5 1005
h1129i Nucleic Acid-Based Techniques—Genotyping (new) 33 5 1019
h1130i Nucleic Acid-Based Techniques—Approaches
for Detecting Trace Nucleic Acids (Residual DNA Testing) (new)

33 5 984

h1160i Pharmaceutical Calculations in Prescription
Compounding—Basic Pharmaceutical Calculations

31 3 847

h1195i Significant Change Guide for Bulk Pharmaceutical
Excipients (new)

34 2 375

h1196i Pharmacopeial Harmonization—PDG Working Procedures 33 4 751
h1211i Sterilization and Sterility Assurance of Compendial Articles—
Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation

30 5 1729

h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1237i Virology Test Methods (new) 34 2 391
h1788i Particulate Matter Determination in Parenteral
and Ophthalmic Products (new)

34 2 421

Dietary Supplement Chapters
h2750i Manufacturing Practices for Dietary Supplements—
Organization and Personnel; Grounds, Buildings, and Facilities;
Equipment; Raw Materials, Product Containers, and Closures;
Production and Process Controls; Labeling and Packaging;
Quality Control Operations; Records and Reports; Returned and
Salvaged Products; Glossary

33 5 1035

Reagents, Indicators, and Solutions
Reagent Specifications—Introduction 33 3 503
Acetic Acid 33 6 1259
Alcohol 34 2 442
8-Amino-6-methoxyquinoline (new) 34 1 162
p-Aminophenol 34 2 442
a-Amylase 34 1 162
Barium Chloride 34 2 442
Bismuth Subnitrate (new) 34 1 162
1-Butanesulfonic Acid Sodium Salt (new) 33 4 766
Butyrophenone (new) 33 4 766
Activated Charcoal 33 6 1259
Cetyltrimethylammonium Bromide (new) 33 4 766
Chloramine T 34 2 442
a-Cyclodextrin (new) 33 2 276
Diethylamine Phosphate (new) 33 4 766
Diethylene Glycol 33 6 1259
Dimethyltin Dibromide (new) 34 2 442
4’4-Dipyridyl Dihydrochloride 33 5 1047
Docusate Sodium (delete) 33 3 504
Ethylene Oxide in Methylene Chloride (50 mg/mL) (new) 31 3 859
Ethylenediamine (new) 34 2 442
Ferric Chloride 34 2 443
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Ferrous Sulfate 33 6 1260
Fuchsin, Basic 33 4 766
n-Heptane, Chromatographic 33 4 767
Hexadecyltrimethylammonium Bromide (new) 33 4 767
Hexylamine (new) 33 6 1260
Hydrogen Peroxide, 30 Percent 34 2 443
Lead Acetate 34 2 443
7-Methoxycoumarin (new) 34 2 443
2-Methylpentane (new) 33 5 1047
Morin (new) 34 2 443
Naphthalene 33 6 1260
4-(p-Nitrobenzyl)pyridine 33 6 1260
1-Octanol (new) 32 6 1804
Octanesulfonic Acid Sodium Salt (new) 33 4 767
Phloxine B (new) 33 6 1260
Pullulanase (new) 33 5 1047
Anion-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Cation-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Salicylaldehyde 33 6 1260
Sodium Phosphate, Dibasic, Dihydrate 33 1 101
Sodium Phosphate, Monobasic, Anhydrous (new) 33 2 276
Sodium Phosphate, Monobasic, Dihydrate (new) 33 2 276
Sodium Phosphite Pentahydate (new) 34 1 162
Tetrahexylammonium Hydrogen Sulfate (new) 34 1 162
Tetrahydro-2-furancarboxylic Acid 33 6 1261
Tetrapropylammonium Chloride (new) 33 2 276
Thrombin Human (new) 29 6 2055
Triethylamine Phosphate (new) 33 6 1261
Triethylenediamine (new) 34 2 443
Trimethyltin Bromide (new) 34 2 444

Test Solutions
Alkaline Cupric Citrate TS 2 (new) 34 2 444
Ammonia TS 2 (new) 34 2 444
Cupric Citrate TS 2, Alkaline (new) 33 4 768
Iodine and Potassium Iodide TS 3 (new) 34 2 444
Lanthanum Nitrate TS (new) 34 2 444
Methyl Red TS 2 (new) 34 2 445
Sodium Hydroxide TS 2 (new) 33 4 768

Volumetric Solutions
Bismuth Nitrate, 0.01 mol/L 34 1 163
Iodine, Twentieth-Normal (0.05 N) 33 5 1050
Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Methanol 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Toluene 33 4 769
Sodium Tetraphenylboron, Fiftieth-Molar (0.02 M) 34 2 447

Chromatographic Reagents
Chromatographic Reagents (new) 33 6 1261

Reference Tables
Container Specifications for Capsules and Tablets 34 2 448
Description and Solubility 29 1 266

31 2 591
31 4 1193
32 1 188
32 2 662
33 1 110
33 2 285
33 3 507
33 4 775
33 5 1053
33 6 1270
34 1 166
34 2 450

Excipients 34 2 320
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NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete),
Storage under Nonspecific Conditions (delete),
Other General Notices (delete)

34 1 119

NF Monographs
Acetone—USP Reference standards (add), Water, Assay 34 1 120
Agar—CAS number (add), Definition, Botanic characteristics,
Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

rAlbumin Human (new) 34 1 121
Alfadex—USP Reference standards, Identification, Heavy metals
Reducing sugars, Related compounds, Assay

34 1 126

Amino Methacrylate Copolymer—Definition, Packaging and storage,
Viscosity, Limit of monomers

34 2 326

Betadex—Structure (add), Packaging and storage, USP Reference
standards, Identification, Microbial limits, pH, Heavy metals,
Reducing substances, Light-absorbing impurities (add)
Related compounds (add), Assay

34 1 127

Butylated Hydroxytoluene—USP Reference standards (add),
Identification, Related compounds (add)

34 1 130

Carbomer 934—Title, Definition, Packaging and storage, Viscosity 34 1 131
Carbomer 934P—Title, Definition, Packaging and storage, Viscosity 34 1 132
Carbomer 940—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer 941—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer Copolymer—Definition, Labeling, Viscosity,Limit of
benzene, Limit of acrylic acid

34 1 134

Carbomer Homopolymer—Title, Definition, Labeling, Viscosity,
Residue on ignition, Limit of benzene, Limit of arylic acid

34 1 136

Carbomer Interpolymer—Definition, Labeling,Viscosity, Limit of benzene,
Limit of acrylic acid

34 1 138

Carmellose (new)—Harmonization 33 3 537
Hydrogenated Coconut Oil (new) 34 2 327
Copovidone—Harmonization 32 6 1843
Corn Syrup (new) 33 6 1240
High Fructose Corn Syrup—Total solids, Assay 34 2 329
Crospovidone—Harmonization 28 4 1257
Dehydroacetic Acid (reinstated with changes) 33 4 703
Egg Phospholipids (new) 33 4 703
Erythorbic Acid (new) 33 6 1246
Ethyl Acrylate and Methyl Methacrylate
Coplymer Dispersion—Identification

33 6 1247

Gamma Cyclodextrin (new) 33 4 707
Liquid Glucose—CAS number (add), Packaging and storage,

Labeling (add), Reference standards (add), Identification,
Assay for reducing sugars (dextrose equivalent) (add)

33 6 1248

Glyceryl Monooleate—Chemical name, Reference standards,
Identification, Saponification value

33 6 1248

Hydrogenated Palm Oil (new) 34 2 330
Hydrogenated Polydecene (new) 33 3 485
Hydrogenated Starch Hydrolysate (new) 33 3 488
Hydroxyethyl Cellulose (new)—Harmonization 30 2 709
Low-Substituted Hydroxypropyl Cellulose—
Harmonization

30 1 338

Inositol (new) 33 4 711
Anhydrous Lactose—Harmonization 32 6 1847
Lecithin—CAS number (add), Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Acid value,
Peroxide value (add), Hexane-insoluble matter, Lead,
Heavy metals, Content of acetone-insoluble matter

33 6 1249

Magnesium Stearate—Harmonization 30 1 340
Methylacrylic Acid Copolymer—Definition, Packaging and storage,
Labeling, Viscosity, Heavy metals, Limit of monomers

33 6 1251

Methylacrylic Acid Copolymer Dispersion—Packaging and storage,
Viscosity, Limit of monomers, Coagulum content

33 6 1254

Methyl Alcohol—USP Reference standards (add), Identification,
Assay

34 1 139
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Light Mineral Oil —Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add)
Viscosity, Neutrality, Acidity, Readily carbonizable substances,
Limit of polycyclic aromatic hydrocarbons, Limit of sulfur compounds,
Solid paraffin

33 5 972

Nitrogen—Definition, Packaging and storage, Assay 31 4 1145
Nitrogen 97 Percent—Definition, Packaging and storage, Assay 31 4 1146
Paraffin—CAS number (add), Definition,
Labeling (add), USP Reference standards (add),
Identification, Reaction (delete), Acidity (add),
Alkalinity (add), Readily carbonizable substances, Limit of polycyclic
aromatic hydrocarbons (add), Limit of sulfur compounds (add)

33 5 972

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polyethylene Glycol—Harmonization 31 3 897
Polypropylene Glycol Monolaurate—USP Reference standards,
Identification

34 1 140

Polyvinyl Acetate (new) 32 2 400
Propylene Glycol (new)—Harmonization 33 2 317
Propylene Glycol Monocaprylate (new) 33 2 261
Propylene Glycol Dicaprylate/Dicaprate (new) 33 5 974
Propylene Glycol Monolaurate—USP Reference standards, Identification 34 1 140
Pullulan (new) 33 5 975
Hydrphoboc Colloidal Silica (new) 33 5 976
Silicon Dioxide (new)—Harmonization 31 4 1229
Colloidal Silicon Dioxide (new)—Harmonization 31 4 1233
Sodium Caprylate—Appearance of solution 33 3 493
Rice Starch (new)—Harmonization 30 2 721
Sucralose—Related compounds 33 6 1255
Sucrose—Harmonization 31 3 902
Stannous Chloride (new) 33 5 978
Tagatose (new) 30 5 1672
Tetrafluoroethane (new) 31 6 1672
Trehalose (new) 33 2 263
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Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 34(1)–PF 34(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
{Acetazolamide Oral Solution (entire submission) 32 1 43
{Baclofen Oral Solution (entire submission) 32 1 49
{Diclofenac Sodium Extended-Release Tablets—Drug release

(add)
30 2 476

{Estradiol Transdermal System—Drug release (add) 31 4 1063
{Isosorbide Mononitrate Extended-Release Tablets—
Dissolution (add)

31 4 1082

{Isosorbide Mononitrate Tablets—Dissolution (add) 29 5 1513
{Labetalol Hydrochloride Oral Solution (entire submission) 32 1 116
{Meclizine Hydrochloride Tablets—Assay 33 2 245
{Ofloxacin Tablets—Dissolution (add) 32 6 1737
{Oxytocin Injection—Definition 32 6 1750
{Piperacillin and Tazobactam Injection (entire submission) 31 2 437
{Piperacillin and Tazobactam for Injection (entire submission) 31 2 439
Protein A (entire submission)* 33 3 442
rProtein A, C-CYS (entire submission)* 33 3 444
rProtein A (entire submission)* 33 3 446
rProtein A, B4-C-CYS (entire submission)* 33 3 452
Pseudoephedrine Hydrochloride—Ordinary impurities 34 1 110
{Synthetic Conjugated Estrogens (entire submission) 31 6 1620
{Tazobactam—Specific rotation, Related compounds, Assay
(add)

31 4 1116

{Terbinafine Hydrochloride—Identification test B
(add)

33 3 459

Valproic Acid Injection—Title change (to become official
October 1, 2008)

32 2 387

Dietary Supplements Monographs
{Ademetionine Disulfate Tosylate—Related compounds,
Content of tosylate (add)

31 2 469

USP General Test Chapters
{h1iInjections—Packaging 33 3 494

USP General Information Chapters
{h1251i Weighing on an Analytical Balance (entire submission) 33 4 756

NF Monographs
{Strawberry Syrup (entire submission) 32 1 179

{New cancellations in PF 34(3).
* Four protein A ancillary materials monographs, Protein A; rProtein A, C-CYS; rProtein A; and rProtein A, B4-C-CYSwere proposed in PF 33(3).
Since ancillary materials are not medicinal products, USP has decided to incorporate information on these types of materials in General Chapters
rather than monographs. General Chapter <130> Protein A Quality Attributes combines the information on the four protein A materials as pro-
posed in PF 33(3).
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HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG). The PDG

consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The

process of harmonization is composed of several steps (Stages).

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each item.

The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be carried out retro-

spectively for existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of a

Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation data

where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature, experts, and

staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating pharma-

copeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as OFFI-

CIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and submits the

consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized Stage 5A

draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a

CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating

pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure. Adopted

items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular region.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an Expert Com-

mittee publishes an article on which they are specifically seeking comment, this will be clearly stated in the article. Readers may

submit comments on issues raised in this section, but comment is not as critical as that for the In-Process Revision and Pharma-

copeial Previews sections. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other commen-

taries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum

under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that they have not been

published previously in any language or medium and that they are not simultaneously under consideration by any other publica-

tion.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and if ac-

cepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of the USP Con-

vention (USPC) and may not be subsequently published elsewhere without written permission from the USPC. Authors are also

responsible for obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage (numbers, abbreviations,
etc.). For the latter, authors should use the current AMAManual of Style or the current ACS Style Guide. Authors may usefully consult a current
copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of Medicine’s

Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer examples of reference

formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding author.

This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the Scientific Liaison if they

would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the electronic file.

Submit the text in Microsoft1 Word or another current word-processing application. The preferred format for graphics submitted

electronically is tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for publication should be

addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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Making Sense of Trueness, Precision, Accuracy, and Uncertainty

Walter W. Hauck,*William Koch, Darrell Abernethy, Roger L. Williams, USP

ABSTRACT Understanding terminology is important in order for scientists to be able to communicate with each another. This
Stimuli article thus reviews the terms accuracy and precision, along with the related terms, trueness and uncertainty. The goals are
to be clear where there is agreement between the usage in USP’s compendia and in the international metrological community and
where there is not and to make recommendations regarding use of these terms in USP and its compendia.

INTRODUCTION

Understanding terminology is important for scientists so
they can communicate with one another, particularly in na-
tional and international harmonizing activities and in interdis-
ciplinary activities where the likelihood of using similar terms
with different meanings is high. This Stimuli article had its be-
ginning in two such observations. The first pertained to differ-
ences between the International Conference on Harmonization
of Technical Requirements for Registration of Pharmaceuti-
cals for Human Use (ICH) and the International Organization
for Standardization (ISO) regarding their use of the term accu-
racy. The second arose from many conversations between the
first author, a statistician, and analytical scientists during
which they used the term precision with differing meanings.

This Stimuli article thus reviews the terms accuracy and
precision, and the related terms, trueness and uncertainty,with
three objectives: The first is to aid discourse by clarifying
where there is and is not agreement between the usage in
the USP’s compendia, starting with the United States Pharma-
copeia (USP), and in the international metrological commu-
ni ty. The second is to make recommendat ions for
implementation in the short term regarding use of these terms
in USP and, as appropriate, in other USP compendia such as
National Formulary (NF) and the Food Chemicals Codex
(FCC). The last objective is to begin a process that could lead
in the long term to harmonization of USP terminology with
that of metrology.

The concepts underlying these terms are important for any
measurement procedure and statistical use of measurements.
Section I: Background reviews the underlying concepts with-
out using the technical terminology that is the topic of this pa-
per. Statements in this section are consistent with common
English usage or with introductory statistics texts. Section II:
Terminology reviews the terms. For each term, the Section
provides various definitions with any explanatory text pro-
vided by sources (as referenced), and then adds comment
and recommendations for USP. Though not shown in quotes,
the definitions are copied from the sources without editing. An

ellipsis (. . .) indicates if some source text has been eliminated.
In addition to documents from ICH, ISO, and USP, definitions
are included from the International Vocabulary of Metrology
(VIM), 3rd edition. VIM was revised by an international work-
ing group under the Joint Committee for Guides in Metrology
(JCGM), chaired by the Director of the International Bureau of
Weights and Measures (BIPM). The Joint Committee was
made up of representatives of: BIPM, the International Elec-
trotechnical Commission (IEC), the International Federation
of Clinical Chemistry and Laboratory Medicine (IFCC),
ISO, the International Union of Pure and Applied Chemistry
(IUPAC), the International Union of Pure and Applied Physics
(IUPAP), the International Organization of Legal Metrology
(OIML), and the International Laboratory Accreditation Co-
operation (ILAC).

Section I: Background

When considering any measurement method, metrologists
and other scientists must consider two general questions that
underlie all the terms that will be discussed here: First, do the
measurements tend to center around the (unknown) true or
correct result? Second, do the measurements tend to be close
together or spread apart (dispersed)? Simulated data represent-
ing weighings of an item with an actual (true) weight of 1.00 g
are provided for illustrative purposes (Figures 1–3).

Measurements centered on the true result are commonly
said to be unbiased or to have no systematic error; they could
be said to be ‘‘on target’’(Figure 1). The distance between the
center of a large (infinite) number of measurements and the
correct value (1.00 g in the example) is the bias. (For purposes
of this paper, the issue of how best to measure the center will
not be considered.) The actual data, because they are only a
sample and not an infinite number of measurements, will not
necessarily average to the correct value. The average of the 50
values provided in the example is 1.03 g. The concept of being
on target is covered under the heading Trueness in Section II.

* Correspondence should be addressed to: Walter W. Hauck, PhD, Senior
Scientific Fellow, US Pharmacopeia, 12601 Twinbrook Parkway, Rockville,
MD 20852-01790; phone 301.816.8390; e-mail wh@usp.org.
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Figure 1. Example of data that are on target but widely dispersed.

Being on target, however, does not say anything about how
close together the measurements are. The data of Figure 1, for
example, are fairly widely spread. In basic statistics, spread or
consistency (hereafter, dispersion), such as shown in Figure 1,
is often measured by the standard deviation, variance, or coef-
ficient of variation (relative standard deviation). Dispersion is
a property of how the data are obtained; i.e., the measurement

process. Reducing the dispersion requires changing the mea-
surement process. Dispersion is covered under the heading
Precision in Section II.

Knowing the degree to which the data are dispersed does
not say whether the data are on target. Figure 2 shows data that
display little spread (relative to that of Figure 1) but that are off
target.

Figure 2. Example of data that show little dispersion but are off target.

Ideal measurements are ones for which there is little disper-
sion (there is always some dispersion), and the results center
on the true value, as in Figure 3. Because neither the bias nor
dispersion, by itself, captures this combination, analysts need
another measure. Common ones in the statistical literature are

the average of the squared differences between the results and
the true value (mean squared error = variance + bias2) and the
(square) root of the mean squared error. The combination term
is considered further under the heading Accuracy in Section II.

Figure 3. Example of data that are both on target and show little dispersion.

Once measurements are available, some form of statistical
analysis can be applied. For example, we may average the set
of measurements to provide a single resulting value as an es-
timate of the true value. Of course, estimates are never exactly

correct. Estimates can be wrong because of systematic errors
(bias) and random errors associated with the dispersion in the
measurements. The systematic error typically is measured by
bias, as discussed earlier. The random contribution often is
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measured by the standard error of the estimate, which depends
on the dispersion of the measurements and the sample size;
i.e., it depends on the measurement process (dispersion) and
the quantity of data (sample size). The random component also
can be captured in a statistical confidence interval that repre-
sents a range of values for the true value that are consistent
with the data obtained (with a specified degree of confidence).
This is further discussed under the heading Uncertainty in Sec-
tion II.

When we consider the uncertainty of, for example, an aver-
age weighing, we need to consider sources of variability that
may not be captured in the scatter of the data and hence may
not be included in the standard error as calculated according to
procedures outlined in statistics texts. For our weighing exam-
ple, any error in the calibration of the balance adds uncertainty.
The intent of the calibration is to reduce bias. If the 50 mea-
surements are all from the same balance without recalibration,
any uncertainty due to the calibration is not included in the
standard error. If, instead, the 50 measurements were from
50 different balances, each with its own calibration, the uncer-
tainty from the calibration will be part of the calculated stan-
dard error. This is further considered under the heading Types
A and B Uncertainty in Section II.

Section II: Terminology

Trueness
USP: Not defined
ICH: Not defined
ISO 2, ISO 3, and ISO 5: The closeness of agreement be-

tween the average value obtained from a large series of test
results and an accepted reference value. The measure of true-
ness is usually expressed in terms of bias.

VIM: Closeness of agreement between the average of an in-
finite number of replicate measured quantity values and a ref-
erence quantity value. Measurement trueness is not a quantity
and thus cannot be expressed numerically, but measures for
closeness of agreement are given in ISO 5725. Measurement
trueness is inversely related to systematic measurement error,
but is not related to random measurement error. Measurement
accuracy should not be used for ‘measurement trueness’ and
vice versa.

Comments: Although the terminology of ‘‘trueness’’ differs
from that of statistics texts, the concept is that of statistical
bias. As explained in ISO 5725-1, ‘‘The term bias has been
in use for statistical matters for a very long time, but because
it caused certain philosophical objections among members of
some professions (such as medical and legal practitioners), the
positive aspect has been emphasized by the invention of the
term trueness’’ (p. iv).

Recommendations for USP: Because USP and ICH share a
definition of accuracy that corresponds to trueness, USP Gen-
eral Information Chapter Validation of Compendial Proce-
dures h1225i should add the same clarification as does ICH
(see Accuracy section).

Precision
USP: The precision of an analytical procedure is the degree

of agreement among individual test results when the procedure
is applied repeatedly to multiple samplings of a homogeneous

sample. The precision of an analytical procedure is usually ex-
pressed as the standard deviation or relative standard deviation
(coefficient of variation) of a series of measurements.

ICH: The precision of an analytical procedure expresses the
closeness of agreement (degree of scatter) between a series of
measurements obtained from multiple sampling of the same
homogeneous sample under the prescribed conditions. Preci-
sion may be considered at three levels: repeatability, inter-
mediate precision, and reproducibility. . . . The precision of
an analytical procedure is usually expressed as the variance,
standard deviation, or coefficient of variation of a series of
measurements.

ISO 2, ISO 3, and ISO 5: The closeness of agreement be-
tween independent test results obtained under stipulated con-
ditions. Precision depends only on the distribution of random
errors and does not relate to the true value or the specified val-
ue. The measure of precision is usually expressed in terms of
imprecision and computed as a standard deviation of the test
results.

VIM: Closeness of agreement between indications or mea-
sured quantity values obtained by replicate measurements on
the same or similar objects under specified conditions. Mea-
surement precision is usually expressed numerically by mea-
sures of imprecision, such as standard deviation, variance, or
coefficient of variation under the specified conditions of mea-
surement. The ‘‘specified conditions’’ can be repeatability
conditions of measurement, intermediate precision conditions
of measurement, or reproducibility conditions of measurement
. . . Sometimes ‘‘measurement precision’’ is erroneously used
to mean measurement accuracy.

Comments: One needs to use care in identifying the mea-
surements to which the concept of precision is applied. Here
the language varies. USP and ISO use ‘‘test results,’’ VIM uses
‘‘measured quantity values,’’ and ICH uses ‘‘series of mea-
surements.’’ Only ISO defines what is meant (5725-1, pg 2
and 3534-1, pg 33): A test result is ‘‘the value of a character-
istic obtained by carrying out a specified test method.’’ The
clarifying note continues, ‘‘The test method should specify
that one or a number of individual measurements be made,
and their average or another appropriate function (such as
the median or the standard deviation) be reported as the test
result. It may also require standard corrections to be applied,
such as correction of gas volumes to standard temperature and
pressure. Thus a test result can be a result calculated from sev-
eral observed values. In the simple case, the test result is the
observed value itself.’’

One observes some conflict here between metrological
usage and common statistical usage. Precision in metrology
is a property of a measurement procedure, which means (fol-
lowing ISO) the precision of whatever the test procedure de-
fines as the test result, which could be an individual observed
value. In contrast, statisticians often use precision as a prop-
erty of a quantity being determined, such as the content of a
reference standard. The common statistical usage thus corre-
sponds more closely to the random component of uncertainty
in metrological language.

Recommendations for USP: There is good agreement be-
tween the sources on what is meant by precision and on the
conditions of measurement (repeatability, intermediate preci-
sion, and reproducibility). USP h1225i should clarify what
is meant by ‘‘test result.’’
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Accuracy
USP: The accuracy of an analytical procedure is the close-

ness of test results obtained by that procedure to the true value
. . . Accuracy is calculated as the percentage of recovery by the
assay of the known added amount of analyte in the sample, or
as the difference between the mean and the accepted true val-
ue, together with confidence intervals.

ICH: The accuracy of an analytical procedure expresses the
closeness of agreement between the value which is accepted
either as a conventional true value or an accepted reference
value and the value found. This is sometimes termed trueness.

ISO 3 and ISO 5 (not defined in ISO 2): The closeness of
agreement between a test result and the accepted reference val-
ue. The term accuracy, when applied to a set of test results,
involves a combination of random components and a common
systematic error or bias component.

VIM: Closeness of agreement between a measured quantity
value and a true quantity value of a measurand. The concept
‘‘measurement accuracy’’ is not a quantity and is not given a
numerical quantity value. A measurement is said to be more
accurate when it offers a smaller measurement error. The term
‘‘measurement accuracy’’ should not be used for measurement
trueness and the term measurement precision should not be
used for ‘‘measurement accuracy’’, which, however, is related
to both these concepts. ‘‘Measurement accuracy’’ is some-
times understood as closeness of agreement between measured
quantity values that are being attributed to the measurand.

Comments: ICH and USP use accuracy for lack of bias
(trueness). ISO uses accuracy for trueness (systematic error)
and precision (random component). ISO 5725-1 notes the
change: ‘‘The term accuracy was at one time used to cover
only the one component now termed trueness, but it became
clear that to many persons it should imply the total displace-
ment of a result from reference value, due to random as well as
systematic effects’’ (p. iv). The ISO concept of accuracy thus
corresponds to the statistical concept of total error (combining
random and systematic components). The target analogy is
again useful. In ISO usage, trueness refers to being centered
properly (but without regard to dispersion), precision refers
to tightness of results (without regard to centering), and accu-
racy covers both (on center and tightly together).

Recommendations for USP: Because ‘‘accuracy’’ in USP
does not agree with ISO usage, at minimum some clarifying
note to that effect should be added to h1225i and to the glos-
sary being developed for the new bioassay chapters. Longer
term, USP needs to decide whether to align with ISO on this
language. Doing so, however, would be contrary to longstand-
ing USP practice and to ICH and thus likely would be contrary
to common industry usage.

Uncertainty
USP: not defined
ICH: not defined
ISO 2 (not defined in ISO 5): [Measurement] parameter, as-

sociated with the result of a measurement, that characterizes
the dispersion of the values that could reasonably be attributed
to the measurand. The parameter may be, for example, a stan-
dard deviation (or a given multiple of it), or the half-width of
an interval having a stated level of confidence.

ISO 3: An estimate attached to a test result which charac-
terizes the range of values within which the true value is as-
serted to lie . . . Uncertainty should be distinguished from an

estimate attached to a test result which characterizes the range
of values within which the expectation is asserted to lie. This
latter estimate is a measure of precision rather than of accuracy
and should be used only when the true value is not defined.
When the expectation is used instead of the true value the ex-
pression ‘‘random component of uncertainty’’ should be used.

VIM: Non-negative parameter characterizing the dispersion
of the quantity values being attributed to a measurand, based
on the information used. Measurement uncertainty includes
components arising from systematic effects, such as compo-
nents associated with corrections and the assigned quantity
values of measurement standards, as well as the definitional
uncertainty [component of measurement uncertainty resulting
from the finite amount of detail in the definition of a measur-
and]. Sometimes estimated systematic effects are not corrected
for but, instead, associated measurement uncertainty compo-
nents are incorporated. The parameter may be, for example,
a standard deviation called standard measurement uncertainty
(or a specified multiple of it), or the half-width of an interval,
having a stated coverage probability.

Comments: ISO 2 is not clear that the standard deviation
referred to is meant to be the standard error (standard measure-
ment uncertainty). The broadness of the definition of test result
(see Precision section) enters here. As defined by ISO, the test
result could be something calculated from a series of measure-
ments and is not necessarily the original observed values. ISO
3 and VIM bring systematic components into the uncertainty
definition.

Although the language is different, the uncertainty calcula-
tions in ISO documents mostly follow formulas for what has
been traditionally called propagation of errors and are for what
are traditionally called standard errors.

Recommendations for USP: The definition of uncertainty
(and of Types A and B evaluation; see next section) needs
to be included somewhere in USP. USP General Information
Chapter Measurement Principles and Variation h1010i is a
good candidate.

Types A and B Evaluation of Uncertainty
USP: Not defined
ICH: Not defined
ISO 2, ISO 3, and ISO 5: Not defined. However, Types A

and B evaluation are referred to in ISO 2 and described,
though not explicitly identified, in a note accompanying the
definition of uncertainty: Uncertainty of measurement com-
prises, in general, many components. Some of these compo-
nents may be evaluated from the statistical distribution of
the results of a series of measurements and can be character-
ized by experimental standard deviations. Other components,
which also can be characterized by standard deviations, are
evaluated from the assumed probability distributions based
on experience or other information.

VIM, A: Evaluation of a component of measurement uncer-
tainty by a statistical analysis of measured quantity values ob-
tained under defined measurement conditions.

VIM, B: Evaluation of a component of measurement uncer-
tainty determined by means other than a Type A evaluation of
measurement uncertainty. [As examples,] evaluation based on
information: associated with authoritative published quantity
values; associated with the quantity value of a certified refer-
ence material; obtained from a calibration certificate; about
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drift; obtained from the accuracy class of a verified measuring
instrument; obtained from limits deduced through personal ex-
perience.

Comments: The Type A–Type B distinction is new lan-
guage reflecting, in part, old practices. For example, many as-
says determine a content or potency relative to that of a
reference standard. The final determination of content or po-
tency then uses the value assigned to the reference standard.
Normal practice is to include (propagate) the uncertainty of
the assigned value in determining the uncertainty of the final
content or potency. The uncertainty of the reference standard
is a Type B uncertainty.

SUMMARY

This discussion highlights opportunities for clarification in
USP among the terms trueness, accuracy, and uncertainty to
assist scientists whose work crosses among USP, ICH, and
ISO. In the short term, these clarifications could be added ea-
sily to h1010i and h1225i. Responses to this Stimuli article
will advance these additions. In the longer term, USP en-
courages continued harmonization of terminology among
ISO, VIM, ICH, the compendia, and other interested parties.
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Product Performance Test for Medicated Chewing Gums

Jayachandar Gajendran,1,3Johannes Kraemer,1,4Stig Randers Knudsen2,4*

ABSTRACT The nature and type of performance tests used to characterize dosage forms administered to the oral cavity differ
significantly and thus demand different release testing apparatus. For many dosage forms given orally but not limited to muco-
adhesive buccal tablets, chewable tablets, and sublingual preparations, product performance tests are adapted from existing
procedures and are well characterized in the United States Pharmacopeia (USP). Unlike chewable tablets medicated gums are
not supposed to be swallowed and may be removed from the site of application without resort to invasive means. Moreover,
medicated gums require the active and continuous masticatory activities for activation and continuation of drug release.
Medicated chewing gums are dosage forms given orally for both local and therapeutic effect, and no performance test has
been indicated for medicated chewing gums in USP. This Stimuli article outlines the importance and rationale of in vitro drug
release testing and the product quality tests used during the development of medicated chewing gums and their quality control for
market release.

INTRODUCTION

Medicated chewing gums are solid or semi-solid pharma-
ceutical dosage forms and contain one or more active pharma-
ceutical ingredients (API) and water-soluble or -insoluble
excipients blended with a water-insoluble gum base. The drug
product is intended to be chewed in the oral cavity for a spe-
cific period of time, after which the insoluble gum base is dis-
carded. Medicated chewing gums are defined by the European
Pharmacopoeia (Ph. Eur.) and the guidelines for pharmaceu-
tical dosage forms issued in 1991 by the Committee for Med-
icinal Products for Human Use (CPMP) as ‘‘solid single dose
preparations with a base consisting mainly of gum that are in-
tended to be chewed but not swallowed, providing a slow stea-
dy release of the medicine contained’’ (1). Drug release from
the dosage form is induced by the masticatory process. Two
different types of tests are performed to assess the drug pro-
duct characteristics: product quality and performance tests.

The scope and the differences between the product quality
tests and performance tests are clearly defined and have been
discussed previously (2, 3). Currently USP contains individual
monographs with product quality tests for Nicotine Polacrilex
(4) and Nicotine Polacrilex Gum (5). Ph. Eur. has adopted a
general monograph on medicated chewing gums (6, 7) and a
monograph describing the apparatus for dissolution testing of
medicated chewing gums (8–10).

MEDICATED CHEWING GUMS

In Ph. Eur. medicated chewing gums have been separately
categorized under solid dosage forms. However, medicated
chewing gums also could be defined both as solid and semi-
solid preparations based on the art of manufacturing, i.e.,
using conventional melting procedures (11) or direct compres-
sion of tailored gum-base powder (12). Table 1 shows the
product quality tests associated with the chewing gum pre-
parations described in Ph. Eur. in general and specifically with
nicotine polacrilex resins and gums in USP. In addition to the
product quality tests, additional testing specific to the product
may be performed to ensure the final quality of the finished
product. This may include, for example, texture analysis,
product feel and consistency, evaluation of flavors and sweet-
eners, tests for coatings, impurities, water content, degradation
products, residual solvents, etc. Product performance tests also
are included at times by some manufacturers as a quality con-
trol tool and are employed during the early phase of product
development. USP does not contain a compendial apparatus
for performance testing of medicated chewing gums. Thus
in many cases product performance data were generated by ap-
paratus developed by the drug product manufacturers and are
not contained in the public monograph.

1 PHAST GmbH, Homburg/Saar, Germany
2 Fertin Pharma, Vejle, Denmark
3 Department of Biopharmaceutics and Pharmaceutical Technology, Johannes
Gutenberg University, Mainz, Germany
4 The USP Mucosal Drug Delivery Advisory Committee
* Correspondence should be addressed to: Will Brown, Senior Scientist, US
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel.
301.816.8380; e-mail web@usp.org.
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Table 1. Product Quality Tests for Medicated Chewing Gums

Dosage Form Nature Patient Activation
Safety Test
Requirement Product Quality Tests

Medicated gums Solid/semi-solid Yes Yes Assay
Identification
Uniformity of dosage

units, content, and
mass

Scientific Rationale For In Vitro Drug Release
Determination

Currently, the USP monograph for nicotine polacrilex gums
does not contain a drug release test. Recently, much effort has
been spent describing the in vitro release kinetics of special
dosage forms, including medicated chewing gums (13–15).
Due to the complexity of the release mechanisms involved, re-
searchers proposed minimal requirements for experimental
settings with respect to the site of release and absorption.
The performance tests must, however, be able to detect the in-
fluence of critical manufacturing variables, discriminate be-
tween different degrees of product performance, and to some
extent describe the biopharmaceutical quality of finished
products.

The scope, purpose, and importance of release tests have
been discussed previously (2). Besides the product quality
tests, the drug release tests can provide useful information
about the characteristics of the product itself, which includes
but is not limited to the influence of the composition of the
gum and other excipients on drug release, a main tool required
primarily during product screening and development, and to
some extent the product performance in vivo.

Drug Release Testing Methodology
Ph. Eur. has adopted an apparatus to determine the release

rate from chewing gums formulations (10). The basic principle
is a simple masticatory movement employed to simulate the
chewing action on a piece of gum placed in a small chewing
chamber containing a known volume of buffer solution at a
given temperature (10). The drug release rate is influenced

by the chewing rate and angle, which provides the necessary
shear force to expose new gum surfaces and is a requisite for
further drug release.

The mechanism and kinetics of drug release from chewing
gums have not yet been completely understood due to the
complexity of the formulation itself. The transition from the
inactive gum to the active dosage form is influenced by
� mechanical forces
� temperature
� wettability and water permeation.

As a general rule, under sink conditions, the rate at which
the drug is released is directly proportional to the chewing fre-
quency and aqueous solubility of drug substance and is indi-
rectly proportional to the mass of the gum base.

Apparatus I. Chewing Gum Apparatus, Compendial—
Ph. Eur.

The chewing apparatus for medicated chewing gum was
adopted by Ph. Eur. in 2000 (8). Figure 1 shows the construc-
tion of the apparatus. The chewing apparatus comprises a
chewing chamber, two horizontal pistons, and a third vertical
piston (tongue). The vertical piston operates alternatively with
the two horizontal pistons and makes sure the gum stays in the
right place between chews. If necessary, it is feasible to con-
struct the machine so that at the end of the chew the horizontal
pistons rotate around their own axes in opposite directions to
each other to obtain maximum chewing. The working proce-
dure of this chewing apparatus is described in Ph. Eur. (8–10).
Several studies (12, 15–21) have been carried out using the
Ph. Eur. apparatus, and the results indicate the methodology
is rugged and reproducible.
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Figure 1. Apparatus for the determination of drug release from medicated chewing gum. Revised with permission from reference (10).

Apparatus II. Alternative Chewing Gum Apparatus,
Noncompendial—Wennergren

One of the noncompendial apparatus commercially avail-
able was designed by Wennergren (22). The schematic repre-
sentation of the Wennergren chewing apparatus is shown in
Figure 2. The chewing procedure consists of reciprocations
of the lower surface in combination with a shearing (twisting)
movement of the upper surface that provides mastication of

the chewing gum and at the same time adequate agitation of
the test medium. The upper jaw has a flat surface that is par-
allel to the central part of the lower surface. The small brim of
the lower surface is angled upwards (45 degrees) so that the
lower surface functions as a small bowl with a flat bottom.
This bowl prevents the chewing gum from sliding during mas-
tication.
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Figure 2. Single-module chewing apparatus from Wennergren (reproduced from publicly available source (22): http://www.fia.se/artikel.pdf).

Investigations of the performance of the chewing apparatus
with multiple drug products were published by Wennergren et
al. (22). The influences of different operational parameters of
the chewing gum apparatus on drug release have been care-
fully investigated (23).

General Comments about Apparatus I and Apparatus II
Both the apparatus described have been well studied and re-

ported in the literature (15–18, 22–25). The results show that
the apparatus can provide strong mechanical forces that influ-
ence drug release and can prove to be a useful tool for drug
release testing of medicated chewing gums both in quality
control as well as in product development. To some extent re-
levance to in vivo behavior has been demonstrated using both
the apparatus (17, 22), which suggests their usefulness in the
quality control and product development environments.

Product Performance Test for Medicated Chewing Gums
In vitro drug release testing has become a compendial

procedure for many dosage forms. For medicated chewing
gums, the performance test ensures the adequate/required re-
lease from a dosage form to provide a local or therapeutic ef-
fect. When combined with product quality tests, it serves as a
rugged and robust test to ensure the quality of finished prod-
ucts. Both of the apparatus could be successfully employed for

performance tests. Before the USP Mucosal Drug Delivery
Advisory Committee submits recommendations for medicated
chewing gum performance tests to USP, the Advisory Com-
mittee suggests that a collaborative study is necessary to eval-
uate the comparative performance of these apparatus. The
study should use drug products from different manufacturers,
which would provide a sound scientific rationale to advance an
apparatus to compendial status in USP.

SUMMARY

Further collaborative investigations are required to evaluate
and characterize precisely the performance tests for different
medicated chewing gum products. These would help identify
the appropriate apparatus and its suitability for the perfor-
mance tests. The USP Mucosal Drug Delivery Advisory Com-
mittee is interested in receiving feedback and commentaries on
this Stimuli article to expand and refine the scientific knowl-
edge that would ultimately lead to the development of mono-
graphs accompanying General Chapters in USP–NF and the
development of specifications for medicated chewing gum
product performance in individual chapters.
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that incor-

porate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Proposed and Rec-

ommended International Nonproprietary Names (INN) when they have been announced by the World Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how

nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomenclature issues that

also occasionally report on related matters pertaining to USAN and INN.
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Proposed and Recommended International Nonproprietary Names

International Nonproprietary Names (INN) are devised by the World
Health Organization (WHO).
Under its charter, WHO is empowered simply to recommend specific
actions or procedures to its Member States. This limitation is incor-
porated into the WHO program concerned with the selection of inter-
national nonproprietary names for pharmaceutical substances, in that
WHO first publishes the selected names as proposals (‘‘Proposed In-
ternational Nonproprietary Names’’). For a period of four months
from the date of publication of WHO Drug Information, comments

and objections may be submitted by the Member States or other inter-
ested parties. In general, an objection reflects a belief that the pro-
posed name may be confused with a preexisting name, perhaps in
only a restricted area in which the party has a proprietary interest
in the form of trademark rights. In the event that no objection is re-
ceived, WHO lists and publishes the names as recommendations
(‘‘Recommended International Nonproprietary Names’’), which the
Member States then recognize as the sole or preferred nonproprietary
name for use within their respective territories.

Proposed International Nonproprietary Names–List 97

The following 75 names have been selected by WHO as Proposed
International Nonproprietary Names. This list, with chemical names,

descriptions and molecular formulae, appears inWHODrug Informa-
tion, Vol. 21, No. 2, 2007.

Suggested INN Category

Albiglutide Antidiabetic
Albinterferon Alfa-2b Antiviral
Anamorelin Growth hormone-releasing fac-

tor
Apremilast Anti-asthmatic
Arbaclofen Placarbil Antispasmodic
Arterolane Antimalarial
Azilsartan Medoxomil Angiotensine II receptor antago-

nist
Azoximer Bromide Immunomodulator
Begacestat Gamma secretase inhibitor
Belinostat Antitumour agent, inhibitor of

histone deacetylase
Boceprevir Antiviral
Brivanib Alaninate Angiogenesis inhibitor
Canakinumab Immunomodulator
Carfilzomib Antineoplastic
Ceftaroline Fosamil Antibiotic
Cenersen Antineoplastic
Choline Fenofibrate Antihyperlipidaemic
Cinaciguat Guanylate cyclase activator
Contusugene Ladenovec Induce cell growth arrest and

apotopsis
Dapagliflozin Antidiabetic
Delimotecan Antineoplastic
Dovitinib Antineoplastic
Eldecalcitol Vitamin D analogue
Elvitegravir Antiviral
Epetirimod Immunomodulator
Epoetin kappa Antianaemic
Eribulin Antineoplastic
Faxeladol Analgesic
Ferric Carboxymaltose Haematinic
Flovagatran Thrombin inhibitor
Gantenerumab Immunomodulator
Golotimod Immunomodulator
Ibalizumab Antiviral
Idrabiotaparinux Sodium Antithrombotic
Laropiprant Prostanoid DP1 receptor antag-

onist
Levamlodipine Calcium channel blocker
Lonaprisan Progesterone receptor antago-

nist
Metenkefalin m- and d-opioid receptors ago-

nist
Milveterol Bronchodilator
Motesanib Antineoplastic
Nepidermin Epidermal growth factor
Neratinib Antineoplastic

Suggested INN Category

Perampanel AMPA receptor antagonist
Peretinoin Retinoid derivative, antineoplas-

tic
Pexacerfont Antidepressant
Pimavanserin Serotonin receptor antagonist
Piragliatin Antidiabetic
Pomalidomide Antineoplastic
Posaraprost Anti-inflammatory
Pyronaridine Antimalarial
Rabeximod Immunomodulator
Raltegravir Antiviral
Regrelor Platelet aggregation inhibitor
Rolapitant Neurokinin NK1 receptor antag-

onist
Romiplostim Platelet st imulating factor

(through Mpl receptor)
Ronacaleret Antagonist of the G-protein

coupled calcium sensing recep-
tor

Ropidoxuridine Antineoplastic
Rosonabant Cannabinoid receptor antago-

nist
Salirasib Antineoplastic
Sitimagene Ceradenovec Antineoplastic
Sotrastaurin Protein kinase C inhibitor
Taranabant Cannabinoid receptor antago-

nist
Tarenflurbil Apoptosis regulator
Teplizumab Immunomodulator
Terameprocol Antineoplastic
Thrombin Alfa Coagulation promoting agent
Tiliquinatine Antineoplastic
Totrombopag Thrombopoietin receptor ago-

nist
Trabedersen Antineoplastic
Trelanserin Serotonin receptor antagonist
Tridecactide Corticotropin-like activity
Tropantiol Chelating agent
Vatreptacog Alfa (Activated) Blood coagulation factor
Velimogene Aliplasmid Stimulates destruction of mela-

noma cells
Voclosporin Immunosuppressant
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Recommended International Nonproprietary Names–List 58

The following 36 names have been selected by WHO as Recom-
mended International Nonproprietary Names. This list, with chemical

names, descriptions and molecular formulae, appears in WHO Drug
Information, Vol. 21, No. 3, 2007.

Alogliptin
Alvespimycin
Amifampridine
Balamapimod
Bevirimat
Carisbamate
Cevipabulin
Dalcetrapib
Firategrast
Giripladib
Imepitoin
Isavuconazole
Isavuconazonium Chloride
Linaclotide
Litenimod
Managlinat Dialanetil
Masitinib
Methylnaltrexone Bromide

Naptumomab Estafenatox
Nemonoxacin
Obinepitide
Ozenoxacin
Padeliporfin
Pamapimod
Panobinostat
Pardoprunox
Resatorvid
Rusalatide
Senicapoc
Tanespimycin
Telatinib
Tesamorelin
Ulipristal
Vernakalant
Votucalis
Votucalis Methiony
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This is an update based on the proposals published in this issue of PF.
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Chromatographic Reagents Used in USP-NF and
Pharmacopeial Forum

May–June 2008

h401i FATS AND FIXED OILS (DSD Mgh #99160)
PF LGS# Reagent Brand Type of Test Comments

34(3) G16 CP-Wax 52 CB Content of ..... Content of EPA and DHA and Content of total omega-3
acids. 0.25 mm 6 25 m, 0.20 mm. Manufacturer: Varian

34(3) G27 SPB-5 Sterol composition 0.32 mm 6 30 m, 0.25 mm. Manufacturer: Supelco Inc.

ALPHA-LACTALBUMIN (DSD Mgh #1496)
PF LGS# Reagent Brand Type of Test Comments

34(2) L33 BioSep-SEC-S3000 Assay and Limit of ..... Limit of beta lactoglobulin. 7.8 mm 6 30 cm. Manufac-
turer: Phenomenex

AMIODARONE HYDROCHLORIDE (DSD Mgh #3450)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Inertsil ODS-2 Related compounds 4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences
34(2) L26 Delta-Pak C4 Assay 3.9 mm 6 15 cm, 5 mm. Manufacturer: Waters Associates

AMLODIPINE BESYLATE TABLETS (DSD Mgh #3575)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Nova-Pak C18 Assay and Related com-
pounds

3.9 mm 6 15 cm, 5 mm. Manufacturer: Waters Corp.

AZITHROMYCIN (DSD Mgh #6740)
PF LGS# Reagent Brand Type of Test Comments

34(2) L1 Xterra MS C18 Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.

AZITHROMYCIN FOR INJECTION (DSD Mgh #6747)
PF LGS# Reagent Brand Type of Test Comments

34(3) L29 Gammabond ARP-1 Limit of ..... Limit of azithromycin N-oxide test. Analytical column: 4.6
mm6 15 cm, 5 mm; guard column: 4.6 mm6 5 cm, 5 mm.

Manufacturer: ES Industries
34(3) L## Shodex ODP-50 Assay Analytical column: 4.6 mm6 15 cm, 5 mm; guard column:

4.6 mm 6 1 cm, 5 mm. Manufacturer: Shodex
34(3) L## Shodex ODP-50 Related compounds Analytical column: 4.6 mm6 25 cm, 5 mm; guard column:

4.6 mm 6 1 cm, 5 mm. Manufacturer: Shodex

AZTREONAM (DSD Mgh #6772)
PF LGS# Reagent Brand Type of Test Comments

34(3) L1 MicroBondapak
C18

Assay and Related com-
pounds

3.9 mm 6 30 cm, 10 mm. Manufacturer: Waters Corp.

BETAMETHASONE ORAL SOLUTION (DSD Mgh #8780)
PF LGS# Reagent Brand Type of Test Comments

34(3) L1 J’Sphere ODS-H80 Related compounds 4.6 mm 6 15 cm, 4 mm. Manufacturer: YMC Co., Inc.

BISOPROLOL FUMARATE TABLETS (DSD Mgh #9794)
PF LGS# Reagent Brand Type of Test Comments

34(3) L7 LiChrosorb RP-8 Dissolution Dissolution Test 2. 4.6 mm 6 25 cm. Manufacturer:
Merck KGaA
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CEFTIOFUR HYDROCHLORIDE (DSD Mgh #14133)
PF LGS# Reagent Brand Type of Test Comments

34(3) L7 ZORBAX C8 Assay 4.6 mm 6 25 cm, 5 mm. Manufacturer: Agilent Technol-
ogies

34(3) L20 LiChrospher Diol Chromatographic purity Test 2. 4.0 mm 6 25 cm, 5 mm. Manufacturer: Merck
KGaA

34(3) L1 Luna C18 Chromatographic purity Test 1. 4.6 mm 6 14 cm, 3 mm. Manufacturer: Phenom-
enex

EMEDASTINE OPHTHALMIC SOLUTION (DSD Mgh #29167)
PF LGS# Reagent Brand Type of Test Comments

25(3) L7 Symmetry C8 Assay 3.9 mm 6 15 cm. Manufacturer: Waters Corp.

ESTRADIOL TABLETS (DSD Mgh #30650)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 LiChrosphere RP-
Select B

Chromatographic purity 4.0 mm 6 12.5 cm, 5 mm. Manufacturer: Merck KGaA

FUMARIC ACID (DSD Mgh #34490)
PF LGS# Reagent Brand Type of Test Comments

34(3) L17 Aminex HPX-87H Limit of ..... Limit of maleic acid. 7.8 mm 6 30 cm, 9 mm. Manufac-
turer: Bio-Rad Laboratories

GADOVERSETAMIDE (DSD Mgh #34615)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Hypersil-ODS Assay 4.6 mm 6 25 cm, 5mm. Manufacturer: Thermo Scientific
0(0) L1 Spheri-5 RP-18 Limit of ..... Limit of 2-methoxyethylamine. 4.6 mm 6 25 cm, 5 mm.

Manufacturer: PerkinElmer, Inc.
0(0) L1 Inertsil 5 ODS-2 Related compounds 4.6 mm 6 15 cm. Manufacturer: GL Sciences

GUANFACINE HYDROCHLORIDE (DSD Mgh #36110)
PF LGS# Reagent Brand Type of Test Comments

21(3) L1 Partisil 5 ODS-3 Assay 4.6 mm x 15 cm, 5 mm. Manufacturer: Whatman Inc.

LORAZEPAM ORAL CONCENTRATE (DSD Mgh #45920)
PF LGS# Reagent Brand Type of Test Comments

19(1) L1 Spherisorb ODS Related compounds 4.6 mm 6 10 cm or 15 cm. Manufacturer: Waters Corp.

LOSARTAN POTASSIUM TABLETS (DSD Mgh #45935)
PF LGS# Reagent Brand Type of Test Comments

33(4) L7 LiChrosorb RP-8 Uniformity of dosage units 4.6 mm 6 25 cm, 10 mm. Manufacturer: Merck KGaA
34(4) L7 Symmetry C8 Assay and Related com-

pounds
3.9 mm 6 15 cm, 5 mm. Manufacturer: Waters Corp.

METRONIDAZOLE (DSD Mgh #53670)
PF LGS# Reagent Brand Type of Test Comments

34(3) L7 Symmetry C8 Assay and Related com-
pounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Waters Corp.

MINOCYCLINE PERIODONTAL SYSTEM (DSD Mgh #2753)
PF LGS# Reagent Brand Type of Test Comments

34(4) L7 LiChrosorb RP-8 Assay and Related com-
pounds

Guard column: 4.6 mm 6 3 cm, 10 mm. Manufacturer:
Merck KGaA

34(4) L7 Supelcosil LC-8 Assay and Related com-
pounds

Analytical column: 4.6 mm6 15 cm, 5 mm. Manufacturer:
Supelco, Inc.
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OXCARBAZEPINE (DSD Mgh #59240)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Hypersil BDS C-18 Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: Thermo Scientific

PANTOPRAZOLE SODIUM (DSD Mgh #2631)
PF LGS# Reagent Brand Type of Test Comments

34(3) L1 Hypersil-ODS Related compounds Related compounds Test 2. 4 mm 6 12.5 cm, 5 mm.
Manufacturer: Thermo Scientific

PANTOPRAZOLE SODIUM DELAYED-RELEASE TABLETS (DSD Mgh #2632)
PF LGS# Reagent Brand Type of Test Comments

34(3) L1 Hypersil BDS C-18 Dissolution Dissolution test 3. 4.6 mm 6 25 cm, 5 mm. Manufacturer:
Thermo Scientific

PYRANTEL PAMOATE (DSD Mgh #71840)
PF LGS# Reagent Brand Type of Test Comments

34(3) L3 ZORBAX SIL Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: Agilent Technol-
ogies

RILUZOLE (DSD Mgh #3250)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Symmetry C-18 Assay and Related com-
pounds

4.6 mm 6 15 cm, 5mm. Manufacturer: Waters Corp.

RILUZOLE TABLETS (DSD Mgh #3251)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Symmetry C-18 Assay and Related com-
pounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Waters Corp.

RISEDRONATE SODIUM (DSD Mgh #73734)
PF LGS# Reagent Brand Type of Test Comments

0(0) L48 IonPac AS7 Assay and Related com-
pounds

Related compounds Test 1. 4.0 mm 6 25 cm, 10 mm.
Manufacturer: Dionex

0(0) L1 Hypersil-ODS Related compounds Related compounds Test 2. 4.6 mm 6 15 cm, 5 mm.
Manufacturer: Thermo Scientific

RISEDRONATE SODIUM TABLETS (DSD Mgh #73736)
PF LGS# Reagent Brand Type of Test Comments

0(0) L48 IonPac AS7 Assay 4.0 mm 6 25 cm, 10 mm. Manufacturer: Dionex

RISPERIDONE ORAL SOLUTION (DSD Mgh #73742)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Hypersil BDS C-18 Assay, Identification, and
Related compounds

4.6 mm 6 10 cm, 3 mm. Manufacturer: Thermo Scientific

SERTRALINE HYDROCHLORIDE TABLETS (DSD Mgh #75105)
PF LGS# Reagent Brand Type of Test Comments

34(3) L10 ZORBAX SB-CN Assay 4.6 mm 6 25 cm, 5 mm. Manufacturer: Agilent Technol-
ogies

34(3) L45 Chiradex Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: Merck KGaA

TERCONAZOLE (DSD Mgh #80885)
PF LGS# Reagent Brand Type of Test Comments

34(4) L1 Hypersil-ODS Related compounds 4.6 mm x 10 cm, 3 mm. Manufacturer: Thermo Scientific
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TRENBOLONE ACETATE (DSD Mgh #84500)
PF LGS# Reagent Brand Type of Test Comments

34(3) L1 Hypersil-ODS Assay and Related com-
pounds

4.6 mm 6 10 cm, 3 mm. Manufacturer: Thermo Scientific
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STANDARDS DEVELOPMENT

This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum (PF), for

the development of official pharmaceutical standards.
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USP publishes Pharmacopeial Forum (PF) bimonthly and provides interested parties an opportunity to review and comment on

the new or revised standards of the United States Pharmacopeia and the National Formulary (USP–NF).

PF includes the following:

1. Potential revisions—entirely new standards, revision ideas, and drafts not yet targeted for official adoption (Pharmacopeial

Previews)

2. Proposed revisions—new or revised standards targeted for official adoption (In-Process Revision)

3. Adopted revisions—new or revised standards that become official and binding before the publication of the next USP–NF or

Supplement (Interim Revision Announcement)

USP welcomes comments and data on potential, proposed, or official standards. Comments, along with USP’s responses, will be

published either in PF Briefings, the Commentary section of PF, the Commentary section of Supplements to USP–NF, or the

Commentary section of USP–NF.
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, U.S. Pharmacopeia, 12601 Twinbrook Parkway,

Rockville, MD 20852 (e-mail: execsec@usp.org).

S
tandards

D
evelopm

ent

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(4) [July–Aug. 2008] STANDARDS DEVELOPMENT 863



S
ta

nd
ar

ds
D

ev
el

op
m

en
t



HOW TO USE PF
This section provides descriptions of the various parts of PF. It also includes Committee Designations and the Staff Directory.
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The content of the different sections of PF are briefly described below. A more detailed description of each section is provided at

the beginning of that section. A general description of the types and amount of information expected in a Request for Revision is

available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website (www.usp.org/

USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Pharmacopeial
Previews
Early ideas for revisions

�BRIEFING: Scientific rationale for potential inclusion or change. May
include other information useful to the analyst such as the brand name
of the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�Potential revisions not yet targeted for official adoption that require a
longer public review and comment process because of
issues such as:

— the controversial nature of an item;
— the application of new technologies that require further

study; and
— articles produced by multiple sources.

Review drafts and provide comments to
the appropriate staff liaison cited in the
Briefing preceding each Preview.

In-Process Revision
Revisions targeted for
adoption

�BRIEFING: Scientific rationale for proposed changes. May include
other information useful to the analyst such as the brand name of
the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�New and revised standards that have been approved for publication
by the appropriate USP Committee when it is considering whether to
advance standards to official status (see Standards Development).
New or revised text is marked with symbols (&

&
or .. or

~

~
) to spec-

ify the tentative earliest date on which the revision would be officially
adopted.

Review material and send comments
promptly to USP staff liaison (see the
Staff Directory) identified at the end of
the briefing accompanying each item.
For general inquiries or in cases where
a particular liaison is not identified, use
the general USP telephone number 301-
881-0666 or FAX number 301-816-
8373. Comment deadlines are found at
the end of the Policies and Announce-
ments section.

Harmonization
Items the Pharmacopeial
Discussion Group (PDG)
is working to harmonize
internationally

�BRIEFING: Scientific rationale for the potential inclusion or change or
for the proposed change. The designated stage of harmonization. The
stage determines whether an item appears under Pharmacopeial Pre-
views or under In-Process Revision, both separate sections of Harmo-
nization.
�For In-Process Revision, new or revised text is marked with symbols
(&

&
) to specify the tentative, earliest date on which the revision would

be officially adopted.

Review material and provide comments
to the appropriate staff liaison cited in the
Briefing preceding each Preview or In-
Process Revision.
Individuals who wish to correspond
with the European and Japanese Pharma-
copoeias concerning monographs in the
Official Inquiry and Consensus stages
of international harmonization should ad-
dress their comments to the coordinating
pharmacopeia, with a copy to USP, for a
given article. The addresses for the Eur-
opean and Japanese Pharmacopoeias are
as follows:

EP Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health Care
Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Interim Revision
Announcement
Adopted standards

Standards that have been adopted and will become officially binding
on the specified date. Effective date is specified in the section’s intro-
ductory page or within parentheses following a particular item. New
or revised text is set off by the symbols .

..

Review to see if affected by any of the
changes. Note effective date when stan-
dards become official and ensure compli-
ance.

Pending Proposals In order for an item to be adopted into the USP–NF and become offi-
cially binding, it must first be proposed and published in the PF to
allow the public an opportunity to review and comment upon it. When
an item is adopted, it is published in either the USP–NF, its supple-
ments, or an IRA. Those items that have not yet been adopted are still
pending.

Review items to track pending pro-
posals.

Canceled Proposals Canceled proposals are items that were published in PF and were
pending, but have since been canceled. Note that canceled propos-
als may be republished to be considered in the future for adoption into
the USP–NF.

Review items to track canceled pro-
posals.
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Other Sections

Expert Committee Designations

Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the development of stan-

dards.

Staff Directory

Names of key USP Standards Division staff members, including scientific liaisons, with contact information.

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested parties
� Discussions of issues on which USP desires public input prior to further development

Nomenclature
� Latest adopted United States Adopted Names (USAN) and International Nonproprietary Names (INN) for drugs
� Revisions to existing names as a supplement to the USP Dictionary of USAN and International Drug Names
� Suggested, proposed, and recommended USAN and INN
� Information on how nonproprietary drug names are devised
� Articles relevant to compendial nomenclature issues

Index

Cumulative directory for the content of all issues of PF beginning with PF 34(1).

Chromatographic Reagents Used in USP–NF and Pharmacopeial Forum

Update of chromatographic reagents based on the proposals published in this issue of PF.
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

BB CGT B&B Cell, Gene, and Tissue Therapies

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards [Formerly Dietary Supplements—Bioavailability (DSB)]

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

MD-CCA Monograph Development—Cough, Cold, and Analgesics

MD-GRE Monograph Development—Gastrointestinal, Renal, and Endocrine

MD-OOD Monograph Development—Ophthalmology, Oncology, and Dermatology

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2005–2010 Expert Committees. The general USP telephone

number, (301) 881-0666, may still be used for general inquiries or when a particular Expert Committee is not identified. The fax

number is (301) 816-8373.

STAFF E-MAIL PHONE ASSIGNMENT

Darrell Abernethy
Chief Science Officer

dra@usp.org (301) 816-8184

Clydewyn M. Anthony, Ph.D.,
Scientist

cma@usp.org (301) 816-8139 Monograph Development—
Cough, Cold, and Analgesics
(MD-CCA)

Fouad Atouf, Ph.D.,
Senior Scientific Associate

fa@usp.org (301) 816-8365 B&B Cell, Gene, and Tissue
Therapies (BB CGT)

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Patient Safety Initiatives

scb@usp.org (301) 816-8216

Daniel K. Bempong, Ph.D.,
Senior Scientist

dkb@usp.org (301) 816-8143 Pulmonary and Steroids
(MD-PS)

Kristie Bowman,
Senior Scientific Associate

kxb@usp.org (301) 816-8462 Food Ingredients (FI)

William E. Brown,
Senior Scientist

web@usp.org (301) 816-8380 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF)

Damián A. Cairatti,
Senior Scientist

dac@usp.org (301) 816-8307 USP–NF Spanish Edition

Larry N. Callahan, Ph.D.,
Senior Scientist

lnc@usp.org (301) 816-8385 B&B Proteins and Polysaccha-
rides (BB PP)

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Diane Cousins, R.Ph.,
Vice President, Healthcare Quality
and Information

ddc@usp.org (301) 816-8215

Behnam Davani, Ph.D.,
Senior Scientist

bd@usp.org (301) 816-8394 Monograph Development—
Antivirals and Antimicrobials
(MD-AA)

Anthony DeStefano,
Vice President, General Chapters

ajd@usp.org (301) 998-6303

Ian F. DeVeau, Ph.D.,
Director, Veterinary Drugs
and Radiopharmaceuticals

ifd@usp.org (301) 816-8178 Veterinary Drugs (VET)

Shawn F. Dressman, Ph.D.,
Director, Reference Standards
Evaluation

sfd@usp.org (301) 816-8261 Reference Standards (RS)

Lawrence Evans III, Ph.D., M P.H.,
Senior Scientist

le@usp.org (301) 816-8389 Dietary Supplements—Non-
Botanicals (DSN)

Gabriel I. Giancaspro, Ph.D.,
Director, Dietary
Supplements

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Scientist

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Senior Scientist

eg@usp.org (301) 816-8251 Monograph Development—
Gastrointestinal, Renal, and
Endocrine (MD-GRE)

James Griffiths,
Vice President, Food and Dietary
Supplement Standards

jg@usp.org (301) 998-6811
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STAFF E-MAIL PHONE ASSIGNMENT

Antonio Hernandez-Cardoso,
Scientist, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP Spanish Edition;
General Chapters (GC)

Desmond G. Hunt, Ph.D.,
Scientist

dgh@usp.org (301) 816-8341 Packaging and Storage
(P&S);

Parenteral Products— Industrial
(PPI)

Ping Jin, Ph.D.,
Senior Scientific Associate

pj@usp.org (301) 998-6827 Dietary Supplements—
Performance Standards (DS-PS)

Jymeann King, R.Ph.,
Drug Information Specialist

jk@usp.org (301) 816-8507 Drug Information

Robert Lafaver,
Scientist

rhl@usp.org (301) 816-8335 Excipient Monographs 1 (EM1);
Excipient General Chapters (EGC)

Angela G. Long,
Vice President, Volunteer and
Organizational Affairs and
Executive Secretariat

agl@usp.org (301) 816-8382

Victor Xiaobin Lu, Ph.D.,
Senior Scientist

vxl@usp.org (301) 816-8336 B&B Vaccines and Virology
(BB-VV)

Feiwen Mao,
Scientist

fm@usp.org (301) 816-8320 Monograph Development—
Ophthalmology, Oncology,
and Dermatology (MD-OOD)

Margareth R. Marques, Ph.D.,
Senior Scientist and Latin
American Liaison

mrm@usp.org (301) 816-8106 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF); Reagents

Marcia D. Mayfield,
Manager, Monograph Development

mxm@usp.org (301) 816-8358

Jeff Moore, Ph.D.,
Senior Scientific Associate

jm@usp.org (301)816-8288 Food Ingredients (FI)

Kevin Moore, Ph.D.,
Scientist

ktm@usp.org (301)816-8369 Harmonization;
Monograph Improvement

Tina S. Morris, Ph.D.,
Director, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

Amy Neal, DVM,
Senior Scientist

an@usp.org (301) 998-6786 Veterinary Medicine Information
(VMI)

Claudia C. Okeke, Ph.D.,
Scientific Fellow,
Patient Safety

cco@usp.org (301) 816-8243 Sterile Compounding (SCC)

Horacio Pappa, Ph.D.,
Senior Scientist and Latin
American Liaison

hp@usp.org (301) 816-8319 General Chapters (GC);
Statistics (STAT)

Denise Penn, R.Ph.,
Senior Drug Information Specialist

dsp@usp.org (301) 816-8392 Drug Information

Deborah G. Perfetto, Pharm.D.,
Director, Healthcare Information

dgp@usp.org (301) 816-8317

Morgan Puderbaugh,
Scientific Associate

mxp@usp.org (301) 998-6833

Sujatha Ramakrishna, Ph.D.,
Scientist

sxr@usp.org (301) 816-8349 Monograph Development—
Cardiovascular (MD-CV)

Hariram Ramanathan,
Scientific Associate

hr@usp.org (301) 816-8313

Ravi Ravichandran, Ph.D.,
Senior Scientist

rr@usp.org (301) 816-8330 Monograph Development—
Psychiatrics and
Psychoactives (MD-PP)
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STAFF E-MAIL PHONE ASSIGNMENT

Gary E. Ritchie, M.S.,
Scientific Fellow for PAT

ger@usp.org (301) 816-8353 General Chapters (GC);
Pharmaceutical Waters (PW);
Statistics (STAT)

Karen A. Russo, Ph.D.,
Director, Small Molecules
and Monograph Acquisition

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientist

lxs@usp.org (301) 816-8168 International Health (IH)

Dandapantula Sarma, Ph.D,
Senior Scientist

dns@usp.org (301) 816-8354 Dietary Supplements—
Information (DSI)

Rick Schnatz, Pharm.D,
Manager

rxs@usp.org (301) 816-8526 Compounding Pharmacy (CRX)

Stefan P. Schuber, Ph.D.,
Director, Scientific Reports

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientist

mhs@usp.org (301) 816-8318 Dietary Supplements—
Botanicals (DSB)

Catherine M. Sheehan,
Director, Excipients and
Food Ingredients

cxs@usp.org (301) 816-8262 Food Additives (FA)

Tom Sigambris, M.S.,
Scientist

tzs@usp.org (301) 998-6789

Nora R. Suarez,
Scientific Associate

nrs@usp.org (301) 816-8326

Anita Y. Szajek, Ph.D.,
Senior Scientist

aey@usp.org (301) 816-8325 B&B Blood and Blood Products
(BB BBP)

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientist

rst@usp.org (301) 816-8339 General Toxicity and Medical
Device Biocompatibility
(GTMDB); Microbiology and
Sterility Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientist

yt@usp.org (301) 816-8321 Dietary Supplements—
General Chapters (DS-GC)

Domenick Vicchio,
Senior Scientist

dwv@usp.org (301) 998-6828

Hong Wang, Ph.D.,
Scientist

hw@usp.org (301) 816-8351 Excipient Monographs 2
(EM2); Excipient General
Chapters (EGC)

Andrzej Wilk, Ph.D.,
Sr. Scientist

aw@usp.org (301) 816-8305 Nomenclature (NOM)

Ahalya Wise,
Scientist

aww@usp.org (301) 816-8607 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientist

kxz@usp.org (301) 816-8269 Aerosols (AER); General
Chapters (GC)
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POLICIES AND
ANNOUNCEMENTS

This section includes information about general scientific and policy issues that may have an impact on USP–NF standards and

processes and announcements about issues being considered by USP. This section also includes publication and comment

schedules.

P
olicies

and
A

nnouncem
ents



USE OF USP WEBSITE. USP is relocating information

formerly published in PF to the www.usp.org website. USP

is undertaking this initiative to assure that all interested

parties have access to this information. USP understands the

information it publishes is critical to industry operations and

needs to be broadly communicated to stakeholders in a

timely manner. Because the website is available to everyone

and is routinely maintained, it is the ideal vehicle for USP to

use to achieve this goal.

The following information, previously published in the Poli-

cies and Announcements section of the Pharmacopeial For-

um, is now accessible on USP’s website.

� IRA Commentary
� Compendial Notices
� Pharmacopeial Education Courses

Other important information that resides on the USP website

includes:

� Rules and Procedures of the Council of Experts
� Revision Bulletins
� Postponements
� Intent to Revise Letters
� Explanatory Notes and Announcements
� Errata Announcements
� Stimuli to the Revision Process Articles
� Reference Standards Catalog

The USP intends to continue this effort and is targeting the

following information to be posted only to the USP website

in the near future:

� Reference Standards Abeyance List

� High Priority Monograph List

USP encourages stakeholders to sign up for the Compendial

Notices e-mail service in order to receive notices of new post-

ings to the USP website. To sign up for this service, go to

http://www.usp.org/support/products/uspNewslettersRe-

quest.html?promo=compendial.

RESIDUAL SOLVENTS: GENERAL NOTICES AND

GENERAL CHAPTER h467i—OFFICIAL JULY 1,

2008. The USP Residual Solvent requirements in the both

the General Notices and General Chapter h467i become

official July 1, 2008. As a result 1) the title of General

Chapter h467i is now Residual Solvents instead of Organic

Volatile Impurities; 2) the section in h467i titled Other

Analytical Procedures is now obsolete; and 3) references to

Organic Volatile Impurities are deleted from monographs.

Please direct any questions to Horacio Pappa, Ph.D., Senior

Scientist (301-816-8319 or hp@usp.org).

PHARMACOPEIAL FORUM PUBLIC REVIEW AND

COMMENT PERIOD DEADLINES. The USP welcomes

and encourages interested parties to submit comments and

data regarding potential, proposed, or adopted (official)

standards. In accordance with the Rules and Procedures of

the 2005–2010 Council of Experts, USP has implemented a

90-day comment period by providing a deadline for each

issue of PF unless otherwise stated in the individual

Briefing. The listing of comment period deadlines and the

targeted official publications are listed below.

Pharmacopeial Forum Comment Deadline
Targeted Official

Publication Publication Date Official Date

PF 34(2) June 15, 2008 USP 32–NF 27
1st Supplement

February 2009 August 2009

PF 34(3) August 15, 2008

PF 34(4) October 15, 2008 USP 32–NF 27
2nd Supplement

June 2009 December 2009

PF 34(5) December 15, 2008

PF 34(6) February 15, 2009 USP 33–NF 28 November 2009 May 2010

PF 35(1) April 15, 2009
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All official revisions are published in the annual edition or

Supplements to USP–NF (twice yearly). Between these publi-

cations, official revisions are published in PF in the Interim

Revision Announcement; these revisions are also incorporated

in the upcoming Supplement. The official publication in which

an IRA is incorporated will depend upon publication dead-

lines. The IRAs appearing in PF Numbers 5 and 6 of each vol-

ume will not appear until Supplement 1. See table on the next

page. The electronic version of USP–NF is updated as each

Supplement becomes available and, therefore, contains all of-

ficial text up to and including the contents of the latest Supple-

ment. The table below outlines the publications and their

release and official dates, and the book or Supplement that

supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 31–NF 26 Nov. 1. 2007 May 1, 2008 1st Supplement to USP 31–NF 26

IRA [PF 34(1)] Jan. 1, 2008 Feb. 1, 2008 2nd Supplement to USP 31–NF 26

1st Supplement to USP 31–NF 26 Feb. 1, 2008 Aug. 1, 2008 2nd Supplement to USP 31–NF 26

IRA [PF 34(2)] Mar. 1, 2008 Apr. 1, 2008 2nd Supplement to USP 31–NF 26

IRA [PF 34(3)] May 1, 2008 June 1, 2008 USP 32–NF 27

2nd Supplement to USP 31–NF 26 June 1, 2008 Dec. 1, 2008* USP 32–NF 27

IRA [PF 34(4)] July 1, 2008 Aug. 1, 2008 1st Supplement to USP 32–NF 27

IRA [PF 34(5)] Sept. 1, 2008* Oct. 1, 2008* 1st Supplement to
USP 32–NF 27

IRA [PF 34(6)] Nov. 1, 2008* Dec. 1, 2008* 2nd Supplement to
USP 32–NF 27

* Tentative.

PRIORITY NEW MONOGRAPH ITEMS. USP is seeking

monographs for the following drug substances and drug pro-

ducts that are or soon will be off patent and thus are of the

highest priority. USP also is seeking monographs for the ex-

cipients listed below. Monographs are marked received upon

receipt of the monograph proposal. Received monographs are

removed from this list upon publication in Pharmacopeial

Forum or when posted in the Pending Monographs section

of the USP website (http://www.usp.org/standards/pending/).

(This list has been updated as of April 22, 2008.) For the most

current list, please consult the Priority New Monograph Items

List posted at http://www.usp.org/USPNF/submitMonograph/

newMon.html.

Monograph sponsors should consult USP’s Guideline for Sub-

mitting Requests for Revision to the USP–NF posted at http://

www.usp.org/USPNF/submitMonograph/subGuide.html.

For additional information, contact Karen A. Russo, Ph.D.,

kar@usp.org.

Small Molecules (Drug Substances)—As of April 22, 2008

1. Allopurinol Sodium 2. Aminopropazine Fumarate 3. Aminopterin Sodium

4. Anagrelide Hydrochloride
(Received)

5. Arsenic Trioxide 6. Auranfoin

7. Azelaic Acid
(Received)

8. Balsalazide Disodium 9. Bentoquatam

10. Benzphetamine Hydrochloride 11. Bivalirudin
(Received)

12. Calcipotriene

13. Calcium Trisodium Pentetate 14. Calfactant 15. Candesartan Cilexetil
(Received)

16. Carmustine
(Received)

17. Cefditoren Pivoxil
(Received)

18. Ceftibuten

19. Ceftiofur Hydrochloride
(Received)

20. Cetrorelix 21. Cevimeline

22. Chloroxine 23. Choline Salicylate 24. Cysteamine Bitartrate

25. Cytarabine Liposome 26. Dalfopristin 27. Dapirazole Hydrochloride

28. Desirudin 29. Desonide
(Received)

30. Dexrazoxane

31. Dextromethorphan Polistirex 32. Difenoxin Hydrochloride 33. Difloxacin Hydrochloride

34. Entacapone
(Received)

35. Epoprostenol Sodium
(Received)

36. Erythromycin Phosphate

37. Erythromycin Thiocyanate 38. Esmolol Hydrochloride
(Received)

39. Estazolam
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Small Molecules (Drug Substances)—As of April 22, 2008 (Continued)

40. Estramustine Phosphate Sodium 41. Ethanolamine Oleate 42. Etomidate
(Received)

43. Etoposide Phosphate 44. Exemestane 45. Famciclovir

46. Felbamate 47. Fluoromethane F 18 48. Fosfomycin Tromethamine
(Received)

49. Gadobenate Dimeglumine 50. Gadopentetic Acid 51. Gallium Nitrate

52. Ganirelix 53. Glyceryl Aminobenzoate 54. Guanidine Hydrochloride

55. Halobetasol Propionate
(Received)

56. Haloperidol Decanoate
(Received)

57. Hydrocodone Polistirex

58. Ibandronate Sodium 59. Imipramine Pamoate 60. Imiquimod

61. Irinotecan Hydrochloride
(Received)

62. Isosulfan Blue 63. Itraconazole
(Received)

64. Latanoprost
(Received)

65. Lomustine
(Received)

66. Lopinavir

67. Metipranolol Hydrochloride 68. Midazolam
(Received)

69. Miglitol

70. Milrinone Lactate 71. Misoprostol
(Received)

72. Moexipril Hydrochloride

73. Nalbuphine Hydrochloride 74. Nalmefene Hydrochloride 75. Nateglinide
(Received)

76. Nedocromil Sodium 77. Nicardipine Hydrochloride 78. Nilutamide

79. Nisoldipine 80. Olsalazine Sodium
(Received)

81. Orlistat
(Received)

82. Oxcarbazepine
(Received)

83. Oxiconazole Nitrate 84. Pemirolast Potassium

85. Pentamidine Isethionate
(Received)

86. Pioglitazone Hydrochloride 87. Piperonyl Butoxide

88. Pirbuterol Acetate 89. Poractant Alpha 90. Porfimer Sodium

91. Pramiprexole Dihydrochloride 92. Quetiapine Fumarate
(Received)

93. Ranitidine

94. Rivastigmine Tartrate
(Received)

95. Ropinirole Hydrochloride 96. Rose Bengal Disodium

97. Rosiglitazone Maleate 98. Salmeterol Xinafoate
(Received)

99. Sertraline Hydrochloride
(Received)

100. Sibutramine Hydrochloride
(Received)

101. Sodium Phenylbutyrate 102. Sodium Phosphates

103. Spectinomycin Sulfate 104. Streptozocin 105. Tacrolimus
(Received)

106. Tenofovir Disoproxil Fumarate
(Received)

107. Terconazole
(Received)

108. Tiludronate Disodium

109. Tiopronin 110. Tranexamic Acid
(Received)

111. Tranylcypromine Sulfate
(Received)

112. Trimetrexate Glucuronate 113. Venlafaxine Hydrochloride
(Received)

114. Voriconazole
(Received)

115. Zaleplon 116. Zinc Tridosium Pentetate 117. Zoledronic Acid

118. Zonisamide
(Received)
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Small Molecules (Drug Products)—As of April 22, 2008

1. Abacavir Sulfate, Lamivudine, and Zido-
vudine Tablets

2. Acarbose Tablets 3. Acetaminophen, Butalbital, Caffeine, and
Codeine Phosphate Capsules

4. Acetaminophen, Clemastine Fumarate
and Pseudoephedrine Hydrochloride
Tablets

5. Acetazolamide Extended-Release Cap-
sules

6. Albuterol and Ipratropium Bromide Inhala-
tion Aerosol

7. Albuterol and Ipratropium Bromide Inha-
lation Solution

8. Albuterol Extended-Release Tablets 9. Albuterol Inhalation Aerosol

10. Albuterol Sulfate Inhalation Solution 11. Albuterol Sulfate Oral Solution 12. Alendronate Sodium Oral Solution

13. Alfuzosin Extended-Release Tablets 14. Allopurinol for Injection 15. Alprazolam Extended-Release Tablets

16. Alprostadil Urethral Suppository 17. Aminopropazine Fumarate and Neomy-
cin Sulfate Tablets

18. Aminopropazine Fumarate Injection

19. Aminopropazine Fumarate Tablets 20. Aminopterin Sodium Tablets 21. Amiodarone Hydrochloride Injection

22. Amlodipine and Benazepril Hydro-
chloride Capsules

23. Amphotericin B Injection 24. Anagrelide Hydrochloride Capsules
(Received)

25. Arsenic Trioxide Injection 26. Atovaquone and Proguanil Hydrochlor-
ide Tablets

27. Atovaquone Tablets

28. Auranofin Capsules 29. Azatadine Maleate and Pseudoephedrine
Sulfate Extended-Release Tablets

30. Azelaic Acid Cream

31. Azithromycin for Injection
(Received)

32. Azithromycin Tablets
(Received)

33. Baclofen Injection

34. Balsalazide Disodium Capsules 35. Beclomethasone Dipropionate Inhala-
tion Aerosol

36. Beclomethasone Dipropionate Nasal Sus-
pension

37. Benazepril Hydrochloride and Hydro-
chlorothiazide Tablets

38. Bentoquatam Topical Suspension 39. Benzocaine and Cetylpyridinium Chlo-
ride Lozenges

40. Benzocaine and Menthol Lotion 41. Benzphetamine Hydrochloride Tablets 42. Bivalirudin Injection

43. Brompheniramine Maleate, Dextro-
methorphan Hydrobromide, and Pseudo-
ephedrine Hydrochloride Oral Solution

44. Budesonide Inhalation Aerosol 45. Bupivacaine and Lidocaine Hydrochlor-
ides Injection

46. Buprenorphine Hydrochloride Injection 47. Butalbital and Acetaminophen Capsules 48. Butalbital and Acetaminophen Tablets

49. Cabergoline Tablets
(Received)

50. Calcipotriene Cream 51. Calcipotriene Ointment

52. Calcipotriene Topical Solution 53. Calcitriol Capsules 54. Calcitriol Oral Solution

55. Calcium Acetate Capsules 56. Calcium Trisodium Pentetate Injection 57. Calfactant Intratracheal Suspension

58. Carbidopa and Levodopa Extended-
Release Tablets
(Received)

59. Carbidopa and Levodopa Tablets For
Oral Suspension
(Received)

60. Carbidopa, Levidopa, and Entacapone Ta-
blets

61. Carmustine For Injection
(Received)

62. Carmustine Implant 63. Cefdinir Tablets

64. Cefditoren Pivoxil Tablets 65. Ceftibuten Capsules 66. Ceftibuten For Oral Suspension

67. Ceftiofur Hydrochloride Oral Suspen-
sion

68. Cetirizine Hydrochloride Tablets
(Received)

69. Cetrorelix Injection

70. Cevimeline Hydrochloride Capsules 71. Chloroxine Cream 72. Chlorpromazine Hydrochloride
Extended-Release Capsules

73. Choline and Magnesium Salicylates
Oral Solution

74. Choline and Magnesium Salicylates
Tablets

75. Choline Salicylate Oral Solution
(Received)

76. Ciclopirox Shampoo 77. Ciclopirox Topical Gel 78. Ciclopirox Topical Solution
(Received)

79. Cimetidine Oral Solution 80. Ciprofloxacin Extended-Release
Tablets
(Added)

81. Ciprofloxacin Hydrochloride and Hydro-
cortisone Otic Suspension

82. Ciprofloxacin Otic Solution 83. Cisplatin Injection
(Added)

84. Citalopram Hydrobromide Oral Solution

85. Citric Acid, Gluconolactone, and Mag-
nesium Carbonate Irrigation

86. Cladribine Injection 87. Clemastine Fumarate Syrup

88. Clobetasol Propionate Gel 89. Clorazepate Dipotassium Capsules 90. Clorazepate Dipotassium Extended-
Release Tablets

91. Clotrimazole and Betamethasone Di-
propionate Lotion

92. Compound Undecylenic Acid Cream 93. Compound Undecylenic Acid Topical
Powder

94. Conjugated Estrogens and Medroxypro-
gesterone Acetate Tablets

95. Cyclosporine Modified Capsules 96. Cyclosporine Modified Oral Solution

97. Cyclosporine Ointment 98. Cyclosporine Topical Solution 99. Cysteamine Bitartrate Capsules

100. Cytarabine Liposome Injection 101. Dalfopristin and Quinupristin Injection 102. Dantrolene Sodium Oral Suspension

103. Dapiprazole for Ophthalmic Solution 104. Desirudin for Injection 105. Desonide Cream
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Small Molecules (Drug Products)—As of April 22, 2008 (Continued)

106. Dexrazoxane for Injection 107. Dextroamphetamine Sulfate Extended-
Release Capsules

108. Dextromethorphan Polistirex Extended-
Release Oral Suspension

109. Diazepam Injectable Emulsion 110. Diclofenac Sodium Ophthalmic Solu-
tion

111. Diethylpropion Hydrochloride
Extended-Release Tablets

112. Difenoxin Hydrochloride and Atropine
Sulfate Tablets

113. Difloxacin Hydrochloride Tablets 114. Dihydroergotamine Mesylate Metered
Spray

115. Diltiazem Hydrochloride Injection 116. Dinoprostone Vaginal Suppositories 117. Diphenhydramine Hydrochloride and
Acetaminophen Tablets

118. Divalproex Sodium Delayed-Release
Capsules

119. Dorzolamide and Timolol Ophthalmic
Solution

120. Dorzolamide Ophthalmic Solution

121. Doxepin Hydrochloride Cream 122. Doxycycline Oral Gel 123. Econazole Nitrate Cream

124. Edrophonium Chloride and Atropine
Sulfate Injection

125. Enalapril Maleate and Felodipine Ex-
tended-Release Tablets

126. Enalaprilat Injection
(Received)

127. Entacapone Tablets 128. Ephedrine Sulfate and Guaifenesin Ta-
blets

129. Epirubicin Hydrochloride for Injection
(Added)

130. Epirubicin Hydrochloride Injection
(Added)

131. Epoprostenol for Injection 132. Epoprostenol Injection

133. Escitalopram Oxalate Tablets
(Received)

134. Esmolol Hydrochloride Injection 135. Esomeprazole Magnesium Capsules

136. Estazolam Tablets 137. Estramustine Phosphate Sodium Cap-
sules

138. Ethanolamine Oleate Injection

139. Etidronate Disodium Injection Con-
centrate

140. Etomidate Injection 141. Exemestane Tablets

142. Famotidine Orally Disintegrating
Tablets

143. Felbamate Oral Suspension 144. Felbamate Tablets

145. Fentanyl Lozenges 146. Famciclovir Tablets 147. Fentanyl Transdermal System
(Received)

148. Ferrous Fumarate and Docusate So-
dium Extended-Release Capsules

149. Fluconazole Oral Suspension 150. Fluconazole Tablets
(Received)

151. Flunisolide Inhalation Aerosol 152. Flunisolide Nasal Spray 153. Fluocinolone Acetonide Shampoo

154. Fluorescein Sodium Ophthalmic Solu-
tion

155. Fluorometholone Ointment 156. Fluticasone Propionate Cream
(Received)

157. Fluticasone Propionate Inhalation
Powder

158. Fluticasone Propionate Ointment
(Received)

159. Fluticasone Propionate Pressurized Inha-
ler

160. Foscarnet Sodium Injection 161. Fosfomycin for Oral Solution 162. Gabapentin Oral Solution

163. Gadobenate Dimeglumine Injection 164. Gallium Nitrate Injection 165. Ganciclovir Capsules

166. Ganirelix Acetate Injection 167. Gatifloxacin Injection 168. Gatifloxacin Tablets

169. Gentamicin Sulfate Oral Solution 170. Gentamicin Sulfate Soluble Powder 171. Glipizide Extended-Release Tablets

172. Granisetron Injection
(Received)

173. Granisetron Tablets
(Received)

174. Guaifenesin and Pseudoephedrine Hy-
drochloride Extended-Release Tablets

175. Guaifenesin and Salts of Dextro-
methorphan and Pseudoephedrine Oral So-
lution

176. Guanidine Hydrochloride Tablets 177. Halobetasol Propionate Cream

178. Halobetasol Propionate Ointment 179. Haloperidol Decanoate Injection 180. Haloperidol Lactate Injection

181. Haloperidol Lactate Oral Concentrate 182. Hydralazine Hydrochloride and Hy-
drochlorothiazide Capsules

183. Hydrochlorothiazide Capsules

184. Hydrochlorothiazide Oral Solution 185. Hydrocodone Bitartrate and
Acetaminophen Capsules

186. Hydrocodone Bitartrate and Acetamino-
phen Oral Solution

187. Hydrocodone Bitartrate and Aspirin
Tablets

188. Hydrocodone Bitartrate and Guaifene-
sin Oral Solution

189. Hydrocodone Bitartrate and Homatro-
pine Methylbromide Syrup

190. Hydrocortisone Acetate Dental Paste 191. Hydrocortisone Acetate Rectal Foam
Aerosol

192. Hydrocortisone Butyrate Lotion

193. Hydroflumethiazide and Reserpine
Tablets

194. Hydromorphone Hydrochloride Oral
Solution
(Received)

195. Hydroquinone Lotion

196. Ibandronate Sodium Tablets 197. Ibuprofen Capsules 198. Idarubicin Hydrochloride Injection

199. Imipramine Pamoate Capsules 200. Imiquimod Topical Cream 201. Ipratropium Bromide Inhalation Aerosol

202. Ipratropium Bromide Inhalation Solu-
tion

203. Irinotecan Hydrochloride Injection 204. Isosulfan Blue Injection

205. Isradipine Extended-Release Tablets 206. Itraconazole Injection 207. Itraconazole Oral Solution

208. Ketoconazole Cream 209. Ketoconazole Shampoo 210. Ketoprofen Capsules
(Received)

211. Ketoprofen Extended-Release Cap-
sules

212. Ketoprofen Tablets 213. Ketotifen Fumarate Ophthalmic Solution
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Small Molecules (Drug Products)—As of April 22, 2008 (Continued)

214. Lactic Acid Lotion 215. Lamotrigine Tablets 216. Latanoprost Ophthalmic Solution

217. Leucovorin Calcium for Injection 218. Levetiracetam Tablets 219. Levocabastine Ophthalmic Suspension

220. Levofloxacin Solution 221. Lincomycin Hydrochloride and Specti-
nomycin Sulfate Soluble Powder

222. Liothyronine Injection

223. Lomustine Capsules 224. Lopinavir and Ritonavir Solution 225. Lopinavir Capsules

226. Lopinavir Solution 227. Loratadine Orally Disintegrating
Tablets
(Received)

228. Losartan Potassium Tablets
(Received)

229. Mefloquine Hydrochloride Tablets 230. Melphalan for Injection 231. Mesalamine Suppositories

232. Mesoridazine Besylate Concentrate 233. Metaraminol Bitartrate Injection 234. Methacholine Chloride for Inhalation
Solution

235. Methadone Hydrochloride Oral Con-
centrate

236. Methocarbamol and Aspirin Tablets 237. Methoxsalen Softgels

238. Methyclothiazide and Deserpidine
Tablets

239. Methylphenidate Hydochloride Chew-
able Tablets

240. Metipranolol Ophthalmic Solution

241. Metronidazole Capsules
(Received)

242. Metronidazole Cream 243. Metronidazole Extended-Release
Tablets

244. Metronidazole Hydrochloride for In-
jection

245. Metronidazole Lotion 246. Miconazole Nitrate Topical Aerosol

247. Midazolam Injection
(Received)

248. Mifepristone Tablets 249. Miglitol Tablets

250. Milrinone Injection 251. Misoprostol Tablets
(Received)

252. Moexipril Hydrochloride and Hydro-
chlorothiazide Tablets

253. Moexipril Hydrochloride Tablets 254. Molindone Hydrochloride Oral Solu-
tion

255. Morphine Sulfate for Injection Concen-
trate

256. Morphine Sulfate Oral Solution 257. Morphine Sulfate Oral Solution Con-
centrate

258. Morphine Sulfate Tablets

259. Mycophenolate Mofetil Capsules 260. Mycophenolate Mofetil Oral Solution 261. Mycophenolate Mofetil Tablets

262. Nalbuphine Hydrochloride Injection 263. Nalmefene Hydrochloride Injection 264. Naphazoline Hydrochloride and Phenir-
amine Maleate Ophthalmic Solution

265. Naphazoline Hydrochloride and
Pheniramine Maleate Ophthalmic
Solution

266. Naproxen Sodium Extended-Release
Tablets

267. Nateglinide Tablets
(Received)

268. Nedocromil Sodium Inhalation Aero-
sol

269. Neomycin Sulfate Oral Powder 270. Nicardipine Hydrochloride Capsules

271. Nilutamide Tablets 272. Nimodipine Capsules 273. Nisoldipine Extended-Release Tablets

274. Nitroglycerin Solution in Acrylic Ad-
hesive

275. Nitroglycerin Transdermal System 276. Nizatidine Tablets

277. Ofloxacin in Dextrose Injection 278. Ofloxacin Injection 279. Olsalazine Sodium Capsules

280. Ondansetron Tablets
(Received)

281. Orphenadrine Citrate Extended-Re-
lease Tablets
(Received)

282. Orphenadrine Citrate, Aspirin, and Caf-
feine Tablets

283. Oxcarbazepine Suspension 284. Oxcarbazepine Tablets
(Received)

285. Oxiconazole Cream

286. Pamidronate Disodium Injection 287. Pantoprazole Sodium for Injection 288. Pantoprazole Sodium Tablets

289. Paroxetine Hydrochloride Extended-
Release Tablets

290. Paroxetine Oral Suspension 291. Pemirolast Potassium Ophthalmic Solu-
tion

292. Penicillin G Potassium Tablets for Oral
Solution

293. Pentamidine Isethionate for Inhalation 294. Pentamidine Isethionate Injection
(Received)

295. Pentazocine Hydrochloride and Aceta-
minophen Tablets

296. Phendimetrazine Tartrate Extended-
Release Capsules

297. Phenobarbital Capsules

298. Phentermine Resin Complex Capsules 299. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Extended-Re-
lease Capsules

300. Phenylephrine Hydrochloride, Chlor-
pheniramine Maleate, and Acetaminophen
Extended-Release Tablets

301. Pilocarpine Hydrochloride Ophthal-
mic Gel

302. Pilocarpine Hydrochloride Ophthalmic
Ointment

303. Pioglitazone Hydrochloride Tablets

304. Piperonyl Butoxide and Pyrethrins
Aerosol Foam

305. Pirbuterol Acetate Inhalation Aerosol 306. Poractant Alpha Suspension

307. Porfimer Sodium for Injection 308. Povacrylate Solution 309. Povacrylate-Iodine Topical Solution

310. Povidone-Iodine Gauze 311. Povidone-Iodine Swabsticks 312. Povidone-Iodine Topical Aerosol Foam

313. Povidone-Iodine Vaginal Supposi-
tories

314. Pramipexole Dihydrochloride Tablets 315. Prednisolone Sodium Phosphate Oral
Solution
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Small Molecules (Drug Products)—As of April 22, 2008 (Continued)

316. Prochlorperazine Maleate Extended-
Release Capsules

317. Progesterone Capsules 318. Promethazine and Phenylephrine Hydro-
chlorides and Codeine Phosphate Syrup
(Received)

319. Promethazine and Phenylephrine Hy-
drochlorides Syrup
(Received)

320. Promethazine Hydrochloride and Co-
deine Phosphate Oral Solution
(Received)

321. Promethazine Hydrochloride and Dex-
tromethorphan Hydrobromide Syrup
(Received)

322. Propafenone Hydrochloride Tablets 323. Pseudoephedrine Hydrochloride and
Brompheniramine Maleate Extended-Re-
lease Tablets

324. Pseudoephedrine Hydrochloride and Na-
proxen Sodium Extended-Release Tablets

325. Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Codeine
Phosphate Oral Solution

326. Pseudoephedrine Hydrochloride, Guai-
fenesin, and Codeine Phosphate Oral Solu-
tion

327. Pseudoephedrine Sulfate and Dexbrom-
pheniramine Maleate Extended-Release
Tablets

328. Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solution

329. Pseudoephedrine Sulfate, Dexbrom-
pheniramine Maleate, and Acetaminophen
Extended-Release Tablets

330. Pyrilamine Maleate Injection

331. Quinapril Hydrochloride and Hydro-
chlorothiazide Tablets

332. Quinidine Sulfate Injection 333. Ramipril Capsules

334. Ranitidine Capsules 335. Rauwolfia Serpentina and Endroflu-
methiazide Tablets

336. Reserpine and Polythiazide Tablets

337. Rimantadine Hydrochloride Oral Solu-
tion

338. Risperidone Oral Solution
(Received)

339. Risperidone Orally Disintegrating
Tablets

340. Rivastigmine Tartrate Capsules
(Received)

341. Rivastigmine Tartrate Oral Solution
(Received)

342. Rocuronium Bromide Injection

343. Ropinirole Hydrochloride Tablets 344. Rosiglitazone Maleate Tablets 345. Salicylic Acid and Sulfur Cleansing Lo-
tion

346. Salicylic Acid and Sulfur Lotion 347. Salicylic Acid and Sulfur Shampoo 348. Salicylic Acid Cream

349. Salicylic Acid Ointment 350. Salmeterol Inhalation Aerosol 351. Salmeterol Xinafoate Inhalation Powder

352. Scopolamine Transdermal System 353. Selegiline Hydrochloride Capsules 354. Sertraline Hydrochloride Oral Solution

355. Sibutramine Hydrochloride Capsules 356. Sodium Bicarbonate and Sodium
Citrate for Oral Solution

357. Sodium Bicarbonate, Sodium Citrate,
and Sodium Tartrate for Oral Suspension

358. Sodium Iodide Injection 359. Sodium Phenylbutyrate Oral Powder 360. Sodium Phenylbutyrate Tablets

361. Sodium Phosphates for Oral Suspen-
sion

362. Sodium Phosphates Tablets 363. Sodium Salicylate and Sulfur Shampoo

364. Sterile Talc Aerosol 365. Streptozocin for Injection 366. Sucralfate Oral Suspension

367. Sulconazole Nitrate Cream 368. Sulfacetamide Sodium and Fluoro-
metholone Ophthalmic Suspension

369. Sulfacetamide Sodium and Prednisolone
Sodium Phosphate Ophthalmic Solution

370. Sulfasalazine Oral Suspension 371. Sulisobenzone Lotion 372. Sumatriptan Injection

373. Sumatriptan Tablets
(Received)

374. Tacrolimus Capsules
(Received)

375. Tacrolimus Injection

376. Tacrolimus Ointment 377. Tamsulosin Hydrochloride Capsules
(Received)

378. Technetium Tc 99m Teboroxime Injec-
tion

379. Tenofovir Disoproxil Fumarate
Tablets
(Received)

380. Terazosin Capsules
(Received)

381. Terazosin Tablets
(Received)

382. Terbinafine Hydrochloride Cream 383. Terbinafine Tablets
(Received)

384. Terbinafine Topical Solution

385. Terconazole Vaginal Cream 386. Terconazole Vaginal Suppositories 387. Testosterone Transdermal Gel

388. Testosterone Transdermal System 389. Tetracycline Hydrochloride Periodon-
tal Fiber

390. Theophylline Extended-Release Tablets

391. Tioconazole Vaginal Ointment 392. Tiopronin Tablets 393. Tolnaftate Topical Aerosol Solution

394. Topiramate Capsules
(Received)

395. Topiramate Tablets
(Received)

396. Torsemide Injection

397. Torsemide Tablets
(Received)

398. Trandolapril and Verapamil Hydro-
chloride Extended-Release Tablets

399. Trandolapril Tablets

400. Tranexamic Acid Injection 401. Tranylcypromine Sulfate Tablets
(Received)

402. Tretinoin Capsules

403. Tretinoin Microsphere Gel 404. Triamcinolone Acetonide Nasal Sus-
pension

405. Trifluridine Ophthalmic Solution

406. Trimetrexate for Injection 407. Trimipramine Maleate Capsules 408. Triprolidine and Pseudoephedrine Hy-
drochlorides and Codeine Phosphate Syrup

409. Trolamine Salicylate Cream 410. Trolamine Salicylate Gel 411. Trolamine Salicylate Topical Emulsion

412. Undecylenic Acid Topical Foam Aero-
sol

413. Urea Cream 414. Vecuronium Bromide for Injection
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Small Molecules (Drug Products)—As of April 22, 2008 (Continued)

415. Venlafaxine Extended-Release Cap-
sules
(Received)

416. Venlafaxine Tablets
(Received)

417. Verapamil Hydrochloride Capsules

418. Verapamil Hydrochloride Extended-
Release Capsules

419. Voriconazole Injection 420. Voriconazole Oral Suspension

421. Voriconazole Tablets 422. Yttrium Y-90 Chloride Solution 423. Yttrium Y-90 Glass Microspheres

424. Yttrium Y-90 Microspheres Injection 425. Zaleplon Capsules 426. Zidovudine and Lamivudine Tablets
(Received)

427. Zinc Acetate Capsules 428. Zinc Tridosium Pentetate Injection 429. Ziprasidone Hydrochloride Capsules

430. Zoledronic Acid for Injection 431. Zonisamide Capsules
(Received)

Excipients—As of April 22, 2008

1. Acetone Sodium Bisulfite 2. Acetylated Monoglycerides 3. Aconitic Acid (Achilleic Acid)

4. Acrylic Acid–Octyl Acrylate Copolymer 5. Albumin Colloidal 6. Aliphatic Polyesters

7. Allantoin–Sodium Pyrrolidone Carbox-
ylate

8. Aluminum Ammonium Sulfate 9. Aluminum Lactate

10. Aluminum Oxide 11. Aluminum Potassium Sulfate 12. Aluminum Silicate

13. Aluminum Sodium Sulfate 14. Aluminum Stearate 15. Ammonium Bicarbonate

16. Ammonium Calcium Alginate 17. Ammonium Phosphate 18. Batylalcohol Monostearate

19. Beeswax, Synthetic 20. Benzododecinium Bromide 21. Benzyl Chloride

22. Benzyl Nicotinate 23. Beta Naphthol 24. Brominated Vegetable Oil

25. Butadiene–Styrene Rubber 26. Butylated Hydromethylphenol 27. Butylene Glycol

28. Butylphthalyl Butylglycolate 29. Calcium Acid Pyrophosphate 30. Calcium Alginate

31. Calcium Alginate and Ammonium Algi-
nate

32. Calcium Bromide 33. Calcium Chloride Solution

34. Calcium Phosphate Monobasic 35. Calcium Propionate 36. Calcium Pyrophosphate

37. Calcium Sorbate 38. Calcium Stearoyl Lactylate 39. Caldiamide Sodium

40. Calteridol Calcium 41. Capric Acid 42. Caprylic/Capric Diglyceryl Succinate

43. Carbon 44. Carboxymethyl Starch 45. Carboxymethylamylopectin Sodium

46. Carboxymethylcellulose Potassium 47. Cetostearyl Isononanoate 48. Chlorodifluoroethane

49. Cholic Acid 50. Cinnamaldehyde 51. Cocamide Diethanolamine

52. Cocamide Oxide 53. Cocoyl Caprylocaprate 54. Crystal Gum

55. Cutina 56. Cystine 57. Dammar Gum

58. Decanoic Acid 59. Decyl Oleate 60. Desoxycholic Acid

61. Dextrin Palmitate 62. Dextrins Modified 63. Diacetyl Tartaric Acid Esters of Mono-
and Digoycerides

64. Dicetyl Phosphate 65. Dichlorofluoromethane 66. Diethyl Sebacate

67. Difluoroethane 68. Diglycol Stearate 69. Diisobutyl Adipate

70. Diisopropyl Adipate 71. Diisopropylbenzothiazyl-2-Sulfenamide 72. Dilauryl Thiodipropionate

73. Dimethyl Dicarbonate 74. Dimyristoyl Lecithin 75. Dimyristoyl Phosphatidylglycerol

76. Dipropylene Glycol 77. Disodium Edisylate 78. Disodium Guanylate

79. Disodium Inosinate 80. Disodium Monooleamide Sulfasucci-
nate

81. D-Mannose

82. Docusate Sodium/Sodium Benzoate 83. Erythrosine 84. Ethoxylated Mono- and Diglycerides

85. Ethoxyquin 86. Ethyl Hexanediol 87. Ethyl Linoleate

88. Ethyl Maltol
(Received)

89. Ethylene Dichloride 90. Ethylurea

91. Ferric Ammonium Citrate 92. Ferric Citrate 93. Ferric Oxide, Brown

94. Ferric Phosphate 95. Ferric Pyrophosphate 96. Ferrous Citrate

97. Ferrous Glycinate 98. Ferrous Lactate 99. Fluorochlorohydrocarbons

100. Formic Acid 101. Furcelleran 102. Gentistic Acid

103. Geraniol 104. Glutamic Acid Hydrochloride 105. Gluten

106. Glycerol Ester of Gum Rosin (Ester
Gum)

107. Glyceryl Laurate 108. Glyceryl Palmitate

109. Glyceryl Ricinoleate 110. Glyceryl Tristearate 111. Glycine Hydrochloride

112. Glycofurol 113. Glycol Stearate 114. Heptafluoropropane

115. Heptylparaben 116. Hexadecyl Isostearate 117. Hexane

118. Hexanetriol(-1,2,6-) 119. Hydrocarbon Gel 120. Hydroxyethylmethylcellulose

121. Hydroxylated Lecithin 122. Indigotine 123. Iron Carbonyl
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Excipients—As of April 22, 2008 (Continued)

124. Iron Subcarbonate 125. Isobutylated-Isoprene Copolymer 126. Isooctylacrylate

127. Isopropyl Isostearate 128. Isopropyl Stearate 129. Isostearic Acid

130. Isostearyl Alcohol 131. Lactobionic Acid 132. Lactose Ferrin, Bovine

133. Lactylated Fatty Acid Esters of Glycer-
ol and Propylene Glycol

134. Lactylic Esters of Fatty Acids 135. Lanolin (Wool Fat), Hydrogenated

136. Lanolin Alcohols, Acetylated 137. Lanolin Hydrous 138. L-Ascorbyl Stearate

139. Lauramine Oxide 140. Lauric Myristic Diethanolamide 141. Lauric Acid

142. Lauric Diethanolamide 143. Lavender Oil 144. L-Cysteine Monohydrochloride

145. Lecithin, Hydroxylated 146. L-Glutamic Acid
(Received)

147. Linoleic Acid
(Received)

148. L-Leucine 149. Macrogol Sorbitan Tristearate 150. Macrogolglycerol Cocoates

151. Macrogolglycerol Triisostearate 152. Magnesium Aluminum Silicate Hy-
drate

153. Magnesium Aspartame Dihydrate

154. Magnesium Aspartate 155. Magnesium Phosphate Tribasic 156. Magnesium Phosphate, Diabasic, Trihy-
drate

157. Magnesium Tartrate 158. Malt Syrup 159. Maltitol Syrup

160. Maltol Isobutyrate 161. Manganese Chloride 162. Manganese Citrate

163. Manganese Glycerophosphate 164. Manganese Hypophosphite 165. Medical Antifoam Emulsion C

166. Medronate Disodium 167. Medronic Acid 168. Methyl Chloride

169. Methylchloroisothiazolinone 170. Methylisothiazolinone 171. Microcrystalline Cellulose, Silicified
(Received)

172. Mineral Spirits 173. Monoisostearyl Glyceryl Ester 174. Monopotassium Glutamate Monohy-
drate

175. Monosodium Citrate 176. Mullein Leaf 177. Myristyl Gamma-Picolinium Chloride

178. Myristyl Lactate 179. N,N-Bis(2-Hydroxyethyl)Stearamide 180. N-Acetyl-L-Methionine

181. Naphtha 182. N-Methylpyrrolidone
(Received)

183. Non-Pareil Seeds

184. Nutmeg Oil 185. Octanoic Acid 186. Oxystearin

187. Palm Kernel Oil
(Received)

188. Pentasodium Triphosphate 189. Pentetate Calcium Trisodium

190. Pentetate Pentasodium 191. Phenprobamate 192. Phenylmercuric Acetate

193. Phenylmercuric Nitrate 194. Pine Oil 195. Polacrilin

196. Polyglycerol Esters of Fatty Acids 197. Polyglycerol Polyricinoleic Acid 198. Polyoxyethylene Castor Oil (USP has
35)

199. Polyoxyl Stearate (USP has 40) 200. Polypropylene Oleate 201. Polypropylene Stearyl Ether

202. Polysorbate 65 203. Polyvinylacetal Diethylanoacetate 204. Polyvinylpolypyrrolidone

205. Polyvinylpyrrolidone Ethylcellulose 206. Potassium Acid Tartrate 207. Potassium Bromate

208. Potassium Carbonate Solution 209. Potassium Dichloroisocyanurate 210. Potassium Gibberellate

211. Potassium Glycerophospate 212. Potassium Iodate 213. Potassium Nitrite

214. Potassium Phosphate 215. Potassium Phosphate Tribasic 216. Potassium Polymetaphosphate

217. Potassium Pyrophosphate 218. Potassium Stearate 219. Potassium Sulfate

220. Potassium Sulfite 221. Potassium Tripolyphosphate 222. Propyl Propionate

223. Propylene Glycol Diacetate 224. Propylene Glycol Mono- and Diesters 225. Rice Bran Wax

226. Rosin 227. Silicone 228. Sodium Acid Pyrophosphate

229. Sodium Aluminosilicate
(Received)

230. Sodium Aluminum Phosphate Acidic 231. Sodium Aluminum Phosphate Basic

232. Sodium Aspartate 233. Sodium Bisulfate 234. Sodium Bisulfite

235. Sodium Carbonate Hydrate 236. Sodium Carboxymethyl Betaglucan 237. Sodium Caseinate

238. Sodium Chlorate 239. Sodium Citrate, Dibasic 240. Sodium Citrate, Monobasic

241. Sodium Dehydroacetate 242. Sodium Diacetate 243. Sodium Erythorbate

244. Sodium Ferric Pyrophosphate 245. Sodium Ferrocyanide 246. Sodium Hypophosphite
(Received)

247. Sodium Laureth Sulfate 248. Sodium Lauroyl Sarcosinate 249. Sodium Lauryl Sulfoacetate

250. Sodium Magnesium Aluminosilicate 251. Sodium Magnesium Silicate 252. Sodium Malate

253. Sodium Metaphosphate, Insoluble 254. Sodium Metasilicate 255. Sodium Methylate

256. Sodium Polyphosphates Glassy 257. Sodium Potassium Tripolyphosphate 258. Sodium Pyrophosphate

259. Sodium Pyrrolidone Carboxylate 260. Sodium Sesquicarbonate 261. Sodium Sesquinoleate

262. Sodium Stearoyl Lactylate 263. Sodium Thiomalate 264. Sodium Trimetaphosphate

265. Sodium Trioleate 266. Sodium Tripolyphosphate 267. Soy Polysaccharides

268. Stannous Tartrate 269. Starch, Pregelatinized Corn 270. Starch, Pregelatinized Tapioca
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Excipients—As of April 22, 2008 (Continued)

271. Stearalkonium Chloride 272. Stearyl Citrate 273. Stearyl Monoglyceridyl Citrate

274. Succinylated Monoglycerides 275. Sucrose Acetate Isobutyrate 276. Sucrose Fatty Acid Esters

277. Sucrose Stearate 278. Sugar Fruit Fine 279. Sulfobutyl Ether Beta Cyclodextran

280. Tallow 281. Tallow Glycerides 282. Tallow Oil

283. Tetrafluoroethane 284. Thioglycerol 285. Thyme Oil

286. Tribehenin 287. Triceteareth-4 Phosphate 288. Trichloroethylene

289. Trimyristin 290. Trisodium Citrate 291. Trolamine Lauryl Sulfate

292. Vegetable Oil 293. Wheat Flour 294. Wheat Germ Oil

295. Wheat Gluten
(Received)

296. Whey
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Standards
� New adopted (official) revisions to the USP–NF that become effective before the effective date of the next Supplement or that

were not ready for adoption by the closing date for the upcoming Supplement. (The effective date for these revisions is stated on the

next page.)

Readers should review this section to determine if they are affected by any of the changes.

Symbols—Interim revisions are shown with new text (if any) enclosed in circles, .new text.. Text enclosed in squares,
&new text&,

has already been adopted in a Supplement. Where the symbols appear together with no enclosed text, such as . . or
&

&, it means that

text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is accompanied by a number

that indicates the IRA or Supplement in which the revision first appeared. For example, .2 indicates that the revision was officially

adopted in the Second Interim Revision Announcement, and &2S (USP29) indicates that the revision was officially adopted in the Second

Supplement to USP 29.

Errata—At the end of the Interim Revision Announcement section is a list of errata and corrections to USP 31–NF 26. The page

number indicates where the item is found in USP–NF. If necessary, this list will be updated with every issue of PF. This information

will also be cumulative in future Supplements, and will appear in its corrected form in the next annual edition of USP–NF. Errata are

considered to be items erroneously published that have not received the approval of the Council of Experts and that do not reflect the

official requirement.
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INTERIM REVISION
ANNOUNCEMENT

to USP 31 and to NF 26

By authority of the United States Pharmacopeial Convention, Inc.
Prepared by the Council of Experts and published by the Board of Trustees

John W. Mauger, Chair
USP Board of Trustees

Roger L. Williams, Executive Vice President, CEO,
and Chairman, USP Council of Experts

Darrell R. Abernethy, M.D., Ph.D., Chief Science Officer
William F. Koch, M.D., Ph.D., Chief Reference Materials Officer

Released July 1, 2008 Official August 1, 2008

All inquiries and comments regarding USP 31 text and NF 26 text should be addressed to the Executive Secretariat, USP–NF,

12601 Twinbrook Parkway, Rockville, MD 20852 (execsec@usp.org).
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New USP Reference Standards

The following USP Reference Standards, which were not

available when the associated monograph was made official,

have since become available. The respective official date of

each USP 31 or NF 26 standard, test, or assay requiring the

use of the following USP Reference Standards is indicated

in parentheses after the name of the Reference Standard.

USP Diluted Isosorbide Mononitrate RS (May 1, 2008)
USP Mibolerone (Nov. 1, 2008)
USP Narasin (Nov. 1, 2008)
USP Near IR System Suitability RS (May 1, 2008)
USP Powdered St. John’s Wort Extract (Nov. 1, 2008)
USP D9-Tetrahydrocannabinol RS (May 1, 2008)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 31 or NF 26 standards, tests,

or assays requiring the use of the following new USP Refer-

ence Standards are postponed until further notice pending

availability of the respective Reference Standards. This listing

was updated as of March 14, 2008.

USP 23-epi-26-deoxyactein RS
USP Actein RS
USP (S)-adenosyl-L-homocysteine RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP Eucatropine Hydrochloride RS
USP Fludeoxyglucose Related Compound B
USP Flumazenil Related Compound C
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Alpha Lipoic Acid RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Oleyl Oleate RS
USP Propylene Glycol Dilaurate RS
USP Pyrethrum Extract RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin RS
USP Valrubicin Related Compound A RS
USP Vasopressin RS
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MONOGRAPHS (USP)

Diclofenac Potassium Tablets

Change to read:

Dissolution h711i—
Medium: simulated intestinal fluid (without enzyme); 900 mL.
Apparatus 2: 50 rpm.
Time: 60 minutes.
Procedure—Determine the amount of C14H10Cl2KNO2 dissolved

by employing UV absorption at the wavelength of maximum
absorbance at about 276 nm on portions of the solution under test
passed through a 0.45-mm filter, suitably diluted with Medium, if
necessary, in comparison with a Standard solution having a known
concentration of USP Diclofenac Potassium RS in the sameMedium.
Calculate the percentage of diclofenac potassium (C14H10Cl2KNO2)
dissolved by the formula:

in which AU and AS are the absorbances obtained from the solution
under test and the Standard solution, respectively; CS is the
concentration, in mg per mL, of the Standard solution; 900 is the
volume, in mL, of Medium; 100 is the conversion factor to
percentage; and LC is the Tablet label claim, in mg, of diclofenac
potassium.
Tolerances—Not less than .75%.4 (Q) of the labeled amount of

C14H10Cl2KNO2 is dissolved in 60 minutes.

Delete the following:

.Loss on drying h731i—Dry it at 1058 + 28 for 3 hours : it loses
not more than 5.0% of its weight..4

Delete the following:

.Limit of potassium—
Standard—Accurately transfer about 50.00 mg of potassium

chloride into a fused quartz crucible.
Sample—Transfer not fewer than five diclofenac potassium 50-mg

Tablets, accurately weighed, into a fused quartz crucible.
Blank—Prepare a dilution of 10% cesium chloride (1 in 50).
Test solutions—Place crucibles containing the Standard, Sample,

and Blank in a muffle furnace at 5508 for 8 hours to ash the
contained material. Pipet 1.0 mL of concentrated hydrochloric acid
and 1.0 mL of concentrated nitric acid into each cooled crucible.
Heat each crucible on a hot plate to dissolve the residue. Transfer
quantitatively, without filtering, the contents of each crucible to 100-
mL volumetric flasks, and dilute with water to volume. Pipet 1.0 mL
from each volumetric flask into separate 100-mL volumetric flasks,
pipet 2.0 mL of 10% cesium chloride solution into each flask, and
dilute with water to volume.
Procedure—Concomitantly determine the absorbances of the Test

solutions and Blank at the potassium emission line at 766.5 nm with
a suitable atomic absorption spectrophotometer (see Spectropho-
tometry and Light-Scattering h851i) equipped with an air–acetylene
flame. Plot the absorbances of the Test solutions versus their
potassium content. Calculate the weight percentage of potassium in
each Tablet: not less than 2.40% and not more than 2.94% is found;
and not less than 90.0% and not more than 110.0% of the calculated
theoretical amount of potassium is found..4

Change to read:

Related compounds—
pH 2.5 Phosphate buffer, Mobile phase, Diluent, Resolution

solution, and Chromatographic system—Prepare as directed in the
Assay.

Standard solution—Dissolve an accurately weighed quantity of
USP Diclofenac Related Compound A RS in Diluent, and dilute
quantitatively, and stepwise if necessary, to obtain a solution having
a known concentration of about .2.5 mg per mL..4
Test solution—Use the Assay preparation, prepared as directed in

the Assay.
Procedure—Separately inject equal volumes (about 30 mL) of the

Standard solution, and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of diclofenac related compound A .relative
to the diclofenac potassium labeled content.4 in the portion of
Tablets taken by the formula:

.1006 0.001(CA /CT)(rU / rS).4

in which .0.001 is a conversion coefficient from mg per mL to mg
per mL; CA is the concentration, in mg per mL, of diclofenac related
compound A in the Standard solution; CT is the concentration, in mg
per mL, of diclofenac potassium in the Test solution, based on the
label claim;.4 and rU and rS are the diclofenac related compound A
peak responses obtained from the Test solution and the Standard
solution, respectively: not more than .0.5%.4 of diclofenac related
compound A is found. Calculate the percentage of each of the other
impurities, other than diethyl phthalate, if present, .relative to the
diclofenac potassium labeled content.4 in the portion of Tablets taken
by the formula:

.1006 0.001(CA /CT)(ri / rS).4

in which ri is the response of an individual impurity peak obtained
from the Test solution, and the other terms are as defined above: not
more than .0.5%.4 of each individual impurity is found, and not
more than .1.5%.4 of total impurities is found.

Change to read:

Assay—
pH 2.5 Phosphate buffer—Mix equal volumes of 0.01M

phosphoric acid and 0.01M monobasic sodium phosphate. If
necessary, adjust with additional portions of the appropriate
components to a pH of 2.5+ 0.2.
Mobile phase—Prepare a filtered and degassed mixture of

methanol and pH 2.5 Phosphate buffer (70 : 30). Make adjustments
if necessary (see System Suitability under Chromatography h621i).
Diluent—Prepare a mixture of methanol and water (70 : 30).
Standard preparation—Dissolve an accurately weighed quantity

of USP Diclofenac Potassium RS in Diluent, and dilute quantita-
tively, and stepwise if necessary, to obtain a solution having a known
concentration of about .0.5 mg per mL..4
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 50 mg of diclofenac potassium, to a 100-mL
volumetric flask. Add about 70 mL of Diluent, stir for 60 minutes,
dilute with Diluent to volume, mix, and centrifuge.
Resolution solution—Prepare a solution in Diluent containing 40

mg per mL of diethyl phthalate, 0.5 mg per mL of USP Diclofenac
Potassium RS, and 37.5 mg per mL of USP Diclofenac Potassium
Related Compound A RS.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4.6-mm 6 25-cm column that contains 5-mm packing L7. The flow
rate is about 1 mL per minute. Chromatograph the Resolution
solution, and record the peak responses as directed for Procedure:
the resolution, R, between diethyl phthalate and diclofenac related
compound A is not less than 2.5, and the resolution, R, between
diclofenac related compound A and diclofenac is not less than 3.5.
Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the relative standard deviation
for replicate injections is not more than 2.0%.
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Procedure—Separately inject equal volumes (about 10 mL) of the
Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the .percentage of the labeled amount.4
of diclofenac potassium (C14H10Cl2KNO2) in .the portion of the
Tablets.4 taken by the formula:

.100(CS /CU)(rU / rS).4

in which .CS is the concentration, in mg per mL, of diclofenac
potassium in the Standard preparation; CU is the concentration, in
mg per mL, of diclofenac potassium in the Assay preparation, based
on the label claim;.4 and rU and rS are the peak responses obtained
from the Assay preparation and the Standard preparation,
respectively.

Fexofenadine Hydrochloride and
Pseudoephedrine Hydrochloride
Extended-Release Tablets

Change to read:

Identification—
A: Infrared Absorption h197Ki—(FOR BILAYER TABLETS)
FEXOFENADINE HYDROCHLORIDE—
Test specimen—Grind the fexofenadine hydrochloride layer of

1 Tablet, and transfer it into a 30-mL capped centrifuge tube. Add 20
mL of 1N sodium hydroxide, mix in a vortex mixer for 1 to
2 minutes, then centrifuge for 3 to 5 minutes at approximately 2500
rpm or greater. Decant the solution, and pass through a 25-mm glass
syringe filter. Add 10 mL of 10% hydrochloric acid, and heat this
solution, with stirring, to near boiling. Cool, and centrifuge for 3 to 5
minutes. Decant and discard the liquid, wash the precipitate with 10
mL of water, and centrifuge for 1 to 2 minutes. Decant and discard
the water, and dry the precipitate in an oven for 1 hour at 1058.
Standard specimen—Transfer a quantity, in mg, of USP

Fexofenadine Hydrochloride RS, equivalent to the labeled amount
of fexofenadine hydrochloride, to a 30-mL capped centrifuge tube,
and proceed as directed for Test specimen, beginning with ‘‘Add 20
mL of 1N sodium hydroxide’’.

PSEUDOEPHEDRINE HYDROCHLORIDE—
Test specimen—Grind the pseudoephedrine hydrochloride layer of

1 Tablet, and transfer it into a capped 30-mL centrifuge tube. Add 20
mL of 0.1N hydrochloric acid, mix on a vortex mixer for 1 to
2 minutes, and centrifuge for 3 to 5 minutes at approximately 2500
rpm or greater. Decant the solution, and pass through a 0.45-mm
nylon filter; discard the residue. Add 10 mL of 1N sodium
hydroxide, and pour it into a separatory funnel containing 15 mL of
methylene chloride. Carefully rotate and shake the funnel using care
not to form an emulsion. Allow the layers to separate for about 10
minutes. Decant the methylene chloride (lower) layer into a 50-mL
beaker, and filter through a glass funnel loaded with a glass wool
plug and 1 to 2 g of sodium sulfate. Evaporate to dryness. [NOTE—Do
not exceed 758 if a hot plate is used to aid evaporation.]
Standard specimen—Transfer a quantity, in mg, of USP

Pseudoephedrine Hydrochloride RS equivalent to the labeled
amount of pseudoephedrine hydrochloride to a 30-mL capped
centrifuge tube, and proceed as directed for Test specimen, beginning
with ‘‘Add 20 mL of 0.1N hydrochloric acid’’.
B: The retention times of the major peaks in the chromatogram

of the Assay preparation correspond to those in the chromatogram of
the Standard preparation, as obtained in the Assay.
C: Thin-Layer Chromatographic Identification Test h201i—.

.4
Adsorbent: 0.2-mm layer of high-performance thin-layer chro-

matographic silica gel mixture. Dry the plate at 1058 for 1 hour
before use.
Test solution—Weigh and finely powder not fewer than 4 Tablets.

Transfer powdered tablets, equivalent to 30 mg of fexofenadine
hydrochloride and 60 mg of pseudoephedrine hydrochloride, into a

suitable vessel, and add 5 mL of methanol. Cap the vessel, and shake
vigorously for about 2 minutes. Pass the resulting suspension
through a suitable 0.45-mm filter. Use the filtrate.
Fexofenadine hydrochloride standard solution—Dissolve an

accurately weighed quantity of USP Fexofenadine Hydrochloride
RS in methanol to obtain a solution having a known concentration of
about 6 mg per mL.
Pseudoephedrine hydrochloride standard solution—Dissolve an

accurately weighed quantity of USP Pseudoephedrine Hydrochloride
RS in methanol to obtain a solution having a known concentration of
about 12 mg per mL.
Application volume: 10 mL.
Developing solvent solution: a mixture of toluene, dehydrated

alcohol, and ammonium hydroxide (50 : 45 : 5).
Procedure—Proceed as directed in the chapter, using the

Developing solvent system. After removal of the plate, mark the
solvent front, and allow the plate to air-dry. Heat the plate at 1058
until the odor of ammonia disappears (approximately 5 minutes).
Allow the plate to cool, and examine under UV light at 254 nm. The
RF values are about 0.17 for fexofenadine and 0.39 for pseudoe-
phedrine. The RF value of fexofenadine hydrochloride in the test
sample is comparable to that of fexofenadine hydrochloride in the
Standard solution. The RF value of pseudoephedrine hydrochloride
in the test sample is comparable to that of pseudoephedrine
hydrochloride in the Standard solution.

Change to read:

Related compounds—
Buffer solution, Mobile phase, System suitability preparation, and

Chromatographic system—Proceed as directed in the Assay.
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Reference solution—Use the Assay preparation.
Test solution—Use the Assay stock preparation, prepared as

directed in the Assay.
Chromatographic system (see Chromatography h621i)—Chro-

matograph the System suitability preparation as directed for
Procedure: the relative retention times are about 1.2 for ephedrone
and 1.0 for pseudoephedrine; the resolution, R, between pseudoe-
phedrine and ephedrone is not less than 1.7; and the relative standard
deviation for replicate injections is not more than 1.0% based on the
pseudoephedrine peak. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the relative
retention times are about 1.2 for fexofenadine related compound A,
3.1 for decarboxylated degradant, and 1.0 for fexofenadine; the
resolution, R, between fexofenadine and fexofenadine related
compound A is not less than 2.0; and the relative standard deviation
for replicate injections is not more than 1.0% based on the
fexofenadine peak and not more than 3.0% based on the individual
peaks for fexofenadine related compound A and decarboxylated
degradant.
Procedure—Separately inject equal volumes (about 20 mL) of the

Test solution and the Reference solution into the chromatograph,
record the chromatograms, and measure all of the peak responses.
Calculate the percentage of fexofenadine related compound A and
decarboxylated degradant in the portion of Tablets taken by the
formula:

100(CS /CT)(ri / rS)

in which CS is the concentration, in mg per mL, of either USP
Fexofenadine Related Compound A RS or decarboxylated degradant
in the Standard solution; CT is the nominal concentration, in mg per
mL, of fexofenadine .hydrochloride.4 in the Test solution; ri is the
individual peak area of either fexofenadine related compound A or
decarboxylated degradant obtained from the Test solution; and rS is
the peak area of fexofenadine related compound A obtained from the
Standard solution. Calculate the percentage of ephedrone in the
portion of Tablets taken by the formula:

(100/F)(CS /CT)(ri / rS)

in which F is the relative response factor for ephedrone (F is 0.394);
CS is the concentration, in mg per mL, of USP Pseudoephedrine
Hydrochloride RS in the Standard solution; CT is the nominal
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concentration, in mg per mL, of pseudoephedrine .hydrochloride.4
in the Test solution; ri is the peak height for ephedrone obtained from
the Test solution; and rS is the peak height for pseudoephedrine
obtained from the Standard solution. Calculate the percentage of any
other impurities in the portion of Tablets taken by the formula:

100ri / (25rS + rT)

in which ri is the individual peak area response for an individual
unknown impurity in the Test solution; 25 is the difference in
concentration between the Test solution and the Reference solution;
rS is the peak area response for fexofenadine .hydrochloride.4
obtained from the Reference solution; and rT is the sum of the
peak area responses of all unknown impurities in the Test solution.
Disregard any peak below 0.05%.

Compound

Relative
Retention
Time

Acceptance
Criteria

Pseudoephedrine 1.0 —
Ephedrone 1.2a not more than 0.2%
Fexofenadine 1.0 —
Fexofenadine related
compound A

1.2b not more than 0.4%

Decarboxylated degradant1 3.1b not more than 0.2%
.Tertiary dehydrated impu-
rity2.4

1.8 not more than 0.2%

Any individual other
impurity

— .not more than
0.2%.4

.
.4
Total impurities — not more than 0.8%

a Relative to pseudoephedrine.
b Relative to fexofenadine.
1 (+)-4-(1-Hydroxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-butyl]-
isopropylbenzene.
.2 4-[4{4-(Diphenylmethylene)-1-piperidinyl}-1-hydroxybutyl]-2,2-dimethyl
phenyl acetic acid..4

Change to read:

Assay—
Buffer solution—Dissolve 6.8 g of sodium acetate and 16.22 g of

sodium 1-octanesulfonate in water, and dilute with water to 1 L.
Adjust with glacial acetic acid to a pH of 4.6.
Mobile phase—Prepare a filtered and degassed mixture of

methanol and Buffer solution (65 : 35). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
System suitability preparation—Transfer an accurately weighed

quantity, about 40 mg, of USP Pseudoephedrine Hydrochloride RS
to a 50-mL volumetric flask. Add 5 mL of tert-butylhydroperoxide
solution, and sonicate. Cover the flask opening with aluminum foil,
and place the flask in an oven at about 908 for 60 minutes. Remove
from the oven, and allow to cool. Add 35 mL of Mobile phase, and
cool to room temperature. Dilute with Mobile phase to volume, and
mix. The degradation of pseudoephedrine hydrochloride by this
process produces the related compound ephedrone.
Related compounds preparation—Dissolve accurately weighed

quantities of USP Fexofenadine Related Compound A RS and
decarboxylated degradant .*

.4 in a volume of methanol, and dilute
quantitatively, and stepwise if necessary, with Buffer solution to
maintain a ratio of methanol and Buffer solution (60 : 40). Dilute
quantitatively, and stepwise if necessary, with methanol and Buffer
solution (60 : 40) to obtain a solution having known concentrations
of 0.2 mg per mL for each component. Dilute 10.0 mL of this
solution with Mobile phase to 100 mL to obtain a final solution
having known concentrations of 0.02 mg per mL for each
component.

Standard stock preparation—Dissolve accurately weighed
quantities of USP Fexofenadine Hydrochloride RS and USP
Pseudoephedrine Hydrochloride RS in Mobile phase, and dilute
quantitatively, and stepwise if necessary, withMobile phase to obtain
a solution having known concentrations of about 0.4 mg per mL and
0.8 mg per mL of fexofenadine .hydrochloride.4 and pseudoephed-
rine .hydrochloride,.4 respectively.
Standard preparation—Dilute 6.0 mL of the Standard stock

preparation and 15.0 mL of the Related compounds preparation
with Mobile phase to 50 mL to obtain a solution having known
concentrations of about 0.048 mg of fexofenadine hydrochloride per
mL, 0.096 mg of pseudoephedrine hydrochloride per mL, 0.006 mg
of fexofenadine related compound A per mL, and 0.006 mg of
decarboxylated degradant per mL.

Assay stock preparation—Transfer not fewer than 10 whole
Tablets to a 500-mL volumetric flask. Add 300 mL of methanol, and
shake by mechanical means at high speed for 60 minutes. Sonicate
the flask for 60 minutes at 408. Add 150 mL of Buffer solution, and
sonicate for 60 minutes at 408. Vent the flask, and vigorously shake
the flask by hand at 15-minute intervals during the mechanical
shaking and sonication steps. Cool to room temperature, and dilute
with Buffer solution to volume to obtain a solution containing
approximately 1.2 mg of fexofenadine .hydrochloride.4 per mL and
2.4 mg of pseudoephedrine .hydrochloride.4 per mL. Pass a portion
of this solution through a filter having a 0.45-mm or finer porosity,
and use the filtrate.
Assay preparation—Dilute 4.0 mL of the Assay stock preparation

filtrate with Mobile phase to 100 mL. The final concentrations of
fexofenadine .hydrochloride.4 and pseudoephedrine .hydrochlo-
ride.4 are 0.048 mg per mL and 0.096 mg per mL, respectively.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 215-nm detector and a
4.6-mm 6 5-cm column that contains 5-mm packing L6 connected
in series to a 4.6-mm 6 25-cm column that contains 5-mm packing
L11. The flow rate is about 1.5 mL per minute. The column
temperature is maintained at 358. Chromatograph the System
suitability preparation as directed for Procedure: the relative
retention times are about 1.2 for ephedrone and 1.0 for pseudoe-
phedrine; the resolution, R, between pseudoephedrine and ephedrone
is not less than 1.7; and the relative standard deviation for replicate
injections is not more than 1.0% based on the pseudoephedrine peak.
Chromatograph the .Standard preparation,.4 and record the peak
responses as directed for Procedure: the relative retention times are
about 1.2 for fexofenadine related compound A, 3.1 for decarbox-
ylated degradant, and 1.0 for fexofenadine; the resolution, R,
between fexofenadine and fexofenadine related compound A is not
less than 2.0; and the relative standard deviation for replicate
injections is not more than 1.0% based on the fexofenadine peak.

Procedure—Separately inject equal volumes (about 20 mL) of the
Standard preparation and Assay preparation into the chromato-
graph, record the chromatograms, and measure the responses for the
fexofenadine and pseudoephedrine peaks. Calculate the percentage
of the label claim of fexofenadine hydrochloride (C32H39NO4 �HCl)
and pseudoephedrine hydrochloride (C10H15NO �HCl) in the portion
of Tablets taken by the formula:

100(CS /CT)(rU / rS)

in which CS is the concentration, in mg per mL, of either USP
Fexofenadine Hydrochloride RS or USP Pseudoephedrine Hydro-
chloride RS in the Standard preparation; CT is the nominal
concentration, in mg per mL, of either fexofenadine .hydrochlo-
ride.4 or pseudoephedrine .hydrochloride.4 in the Assay prepara-
tion; and rU and rS are the peak responses obtained for either
fexofenadine or pseudoephedrine from the Assay preparation and
the Standard preparation, respectively.

.* Available from USP as USP Fexofenadine Related Compound C AS, Cat#
1270446..4
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Fludeoxyglucose F 18 Injection

Change to read:

Chemical purity—[NOTE—The methods and limits described in this
section relate to potential impurities associated with the acid-
hydrolysis method of synthesis for the Injection. Specific examples
include aminopolyether (KryptofixR) and 2-chloro-2-deoxy-D-glu-
cose. If methods of synthesis that may result in different impurities
are used, the presence of unlabeled ingredients, reagents, and by-
products specific to the process must be controlled, and their
potential for physiological or pharmacological effects must be
considered (see Radiopharmaceuticals for Positron Emission
Tomography—Compounding h823i). Any ingredients with toxic
potential must be within appropriate limits, and conformance with
these limits is to be demonstrated by the use of one or more validated
limit tests.]

LIMIT OF AMINOPOLYETHER—[NOTE—This test must be performed
for Fludeoxyglucose F 18 produced by any route of synthesis that
uses this reagent.]
Absorbent: 0.25-mm layer of chromatographic silica gel.1
Test solution—Use the Injection.
Standard solution—Dissolve an accurately weighed quantity of

USP Fludeoxyglucose Related Compound A RS in saline TS to
obtain a solution having a known concentration of 50 mg per mL.
Application volume: about 1 mL.
Developing solvent system: a mixture of methanol and 30%

ammonium hydroxide (9 : 1).
Procedure—Proceed as directed for Thin-Layer Chromatography

under Chromatography h621i. Place the plate in a chamber
containing iodine crystals. Develop the plate until a spot is visible
on the chromatogram of the Standard solution: the size and intensity
of the spot obtained from the Test solution does not exceed that
obtained from the Standard solution.

LIMIT OF 2-CHLORO-2-DEOXY-D-GLUCOSE—[NOTE—This test is
performed when the nucleophilic synthesis includes hydrolysis
with hydrochloric acid or the use of anionic exchange resins in the
chloride form to trap fluoride 18F released from the target prior to its
use in the synthesis of Fludeoxyglucose F 18.]
Mobile phase—Dissolve about 16 g of 50% sodium hydroxide

solution in 1000 mL of water, filter, and degas by sparging with
helium.
System suitability solution—Dissolve accurately weighed quan-

tities of USP Fludeoxyglucose RS and USP Fludeoxyglucose
Related Compound B RS in Mobile phase to obtain a solution
having known concentrations of 1.0 mg per mL and 0.1 mg per mL,
respectively.
Standard solution—Dissolve an accurately weighed quantity of

USP Fludeoxyglucose Related Compound B RS in water to obtain a
solution having a known concentration of 0.1 mg per mL.
Test solution—Use the Injection.

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a pulsed amperometric
detector and a 4.0-mm 6 25-cm column that contains 10-mm
packing L46. The flow rate is adjusted to about 0.5 mL per minute.
Chromatograph the Standard solution and the System suitability
solution, and record the peak responses as directed for Procedure:
the resolution, R, between fludeoxyglucose and fludeoxyglucose
related compound B is not less than 1.5; and the relative standard
deviation for replicate injections is not more than 5%.
Procedure—Separately inject equal volumes (about 100 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the areas for the major
peaks. Calculate the quantity, in mg, of 2-chloro-2-deoxy-D-glucose
in each mL of the Injection taken by the formula:

C(rU / rS)

in which C is the concentration, in mg per mL, of USP
Fludeoxyglucose Related Compound B RS in the Standard solution;
and rU and rS are the 2-chloro-2-deoxy-D-glucose peak areas obtained
from the Test solution and the Standard solution, respectively: not
more than 1 mg .per dose.4 is found. ..4

Change to read:

.Valproate Sodium Injection.4

(Monograph under this new title—to become official October 1,
2008)
(Current monograph title is Valproic Acid Injection)

Change to read:

» .Valproate Sodium Injection.4 is a sterile aqueous
solution of sodium valproate, formed from the interac-
tion of Valproic Acid and Sodium Hydroxide, in Water
for Injection, and one or more suitable buffering or
sequestering agents. It contains not less than 90.0
percent and not more than 110.0 percent of the labeled
amount of valproic acid (C8H16O2). It contains no
antimicrobial agents.

1 Available from Alltech Associates, Inc., 2051 Waukegan Rd., Deerfield, IL
60015 as Machery Nagel SILG/UV 254 46 8 cm, Alltech catalog No.
805021.
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or pending
official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be available as a cu-
mulative table in future Supplements and will appear in its corrected form in a future annual edition ofUSP–NF. Errata are considered to be items
erroneously published that have not received the approval of the Council of Experts and that do not reflect the official requirement. USP staff is
available to respond to questions regarding the accuracy of a particular requirement by calling 1-800-822-USPC.

USP31–NF26
Page Title Section Description

1087 Tribasic Calcium Phosphate Assay Replace the text under Assay as follows: Weigh ac-
curately about 150 mg of Tribasic Calcium Phosphate,
dissolve with the aid of gentle heat if necessary, in a
mixture of hydrochloric acid and water (5:3) contained
in a 250-mL beaker equipped with a magnetic stirrer,
and cautiously add 125 mL of water. With constant stir-
ring, add, in the order named, 0.5 mL of triethanola-
mine, 300 mg of hydroxy naphthol blue, and, from a
50-mL buret, about 23 mL of 0.05 M edetate disodium
VS. Add sodium hydroxide solution (45 in 100) until
the initial red color changes to clear blue. Continue to
add it dropwise until the color changes to violet, and
add an additional 0.5 mL. The pH is between 12.3
and 12.5. Continue the titration dropwise with the
0.05 M edetate disodium VS to the appearance of a
clear blue endpoint that persists for not less than 60
seconds. Each mL of 0.05 M edetate disodium is
equivalent to 2.004 mg of Ca.

1398 Amitriptyline Hydrochloride Assay Line 2 under System suitability preparation: Change
‘‘Dilute suitable volumes of Stock solution A, Stock so-
lution B, and the Standard preparation with Mobile
phase’’ to: Dilute suitable volumes of Stock solution
A and Stock solution B with Mobile phase

1457 Aspirin and Codeine Phos-
phate Tablets

Identification Line 12: Change ‘‘correspond to those in the chromat-
ogram of the Standard codeine phosphate solution,
respectively.’’ to: correspond to those in the chromato-
grams of the Standard aspirin solution and the Stan-
dard codeine phosphate solution, respectively.

1493 Belladonna Extract Assay Line 2 under System suitability: Change ‘‘solution,’’ to:
Assay preparation,

1595 Calcitonin Salmon Bioidentity After line 7 of the list of ingredients, add: ‘‘Glucose
2000 mg’’

1602 Calcium Carbonate Lozenges Sodium content Line 5 under Standard solutions: Delete one instance
of the duplicated phrase ‘‘Transfer 10.0 mL of this so-
lution to a second 100-mL volumetric flask, dilute with
water to volume, and mix.’’ Change ‘‘To three separate
100-mL volumetric flasks, transfer 2.0-, 4.0-, and 6.0-
mL portions of this stock standard solution, dilute with
water to volume, and mix. These solutions contain 1.0
g, 3.0 g, and 5.0 g of sodium per mL, respectively.’’ to:
To three separate 100-mL volumetric flasks, transfer
1.0-, 3.0-, and 5.0-mL portions of this stock standard
solution, dilute with water to volume, and mix. These
solutions contain 1.0 mg, 3.0 mg, and 5.0 mg of sodium
per mL, respectively.

1685 Cefoxitin Sodium Limit of acetone and methanol Line 6 under Procedure: Change
‘‘15.8P (rU/rS)

in which P is the percentage (v/v) of acetone or meth-
anol in the Standard preparation;’’ to:
DP/C(rU/rS)

in which D is the density of acetone and methanol at
208 in g per mL; P is the percentage (v/v) of acetone
or methanol in the Standard preparation; C is the con-
centration, in g per mL, of Cefoxitin Sodium in the Test
preparation;
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USP31–NF26
Page Title Section Description

1721 Chloramphenicol Oral Solu-
tion

Identification Replace Identification text with: Transfer a volume of
Oral Solution, equivalent to about 250 mg of chloram-
phenicol, to a 250-mL volumetric flask. Add 50 mL of
methanol, shake for 1 minute, dilute with water to vol-
ume, and mix. Pipet 5 mL of this solution into a 250-
mL volumetric flask, dilute with water to volume, and
mix. The ultraviolet absorption spectrum of the solu-
tion so obtained exhibits maxima and minima only at
the same wavelengths as that of a similar solution of
USP Chloramphenicol RS, concomitantly measured.

1729 Chlordiazepoxide Hydrochlo-
ride Capsules

Identification Change Identification test A to read: Transfer a portion
of the Capsule powder, equivalent to about 60 mg of
chlordiazepoxide hydrochloride, to a 100-mL flask.
Add methanol to volume, mix, and filter, discarding
the first 15 mL of the filtrate. Pipet 5 mL of the clear
filtrate into a 100-mL volumetric flask, and add a 1 in
360 solution of sulfuric acid in dehydrated alcohol to
volume. Pipet 10 mL of this solution into a 50-mL vol-
umetric flask, and dilute with the same acidified alco-
hol to volume. The resulting solution exhibits maxima
at 245+2 nm and 311+2 nm, and the ratio A245/A311 is
between 2.90 and 3.45, using the acidified alcohol as
the blank and a 1-cm cell.

1802 Clioquinol Cream Assay Line 13 under Assay preparation: Add ‘‘Heat in a wa-
ter bath at 508 for 15 minutes, and then cool to ambient
temperature.’’

2241 Gabapentin Assay Line 4 under Standard preparation: Delete ‘‘and
0.0084 mg per mL, respectively.’’

2243 Gabapentin Capsules Dissolution Line 3 under Standard stock solution: Change ‘‘of
about 1.1 g per mL.’’ to: of about 1.1 mg per mL.

2587 Mannitol Injection Labeling Line 5: Add ‘‘The label also states that it should be
warmed before use to dissolve any crystals that may
have formed.’’

Pharmacopeial Forum
896 INTERIM REVISION ANNOUNCEMENT Vol. 34(4) [July–Aug. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
te

ri
m

R
ev

is
io

n
A

nn
ou

nc
em

en
t



USP31–NF26
Page Title Section Description

3112 Propoxyphene Napsylate and
Aspirin Tablets

Dissolution Change
‘‘Determination of dissolved propoxyphene napsylate—
Internal standard solution and pH 9.0 buffer—Prepare
as directed in the test for Dissolution under Propoxy-
phene Hydrochloride, Aspirin, and Caffeine Capsules.
Standard preparation and Procedure—Proceed as di-
rected in the test for Dissolution under Propoxyphene
Napsylate Tablets.’’
to: Determination of dissolved propoxyphene napsy-
late—
Internal standard solution—Dissolve n-tricosane in
chloroform to obtain a solution containing about 0.1
mg per mL.
Standard solution—Dissolve an accurately weighed
quantity of USP Propoxyphene Napsylate RS in pH
4.5 acetate buffer to prepare a solution of about 0.20
mg per mL.
Solution A—Dissolve 4.2 g of sodium bicarbonate in
100 mL of water.
Solution B—Dissolve 14.3 g of sodium carbonate in 100
mL of water.
pH 9.0 Buffer—Dilute 10 mL of Solution B to 100.0 mL
with Solution A.
Procedure—Transfer equal, accurately measured vol-
umes (between 5.0 and 10.0 mL) of filtered portions
of the solution under test and the Standard solution into
separate, screw-capped centrifuge tubes. To each tube,
add 5.0 mL of the pH 9.0 Buffer, and shake. Add 10.0
mL of the Internal standard solution to each tube, and
shake for 1 minute. Pass the organic layer through
phase-separating paper. Evaporate to about 1 mL, and
inject a 10-mL portion into a suitable gas chromatograph
equipped with a flame-ionization detector. Proceed as
directed for Procedure in the Assay for propoxyphene
hydrochloride and caffeine under Propoxyphene Hydro-
chloride, Aspirin, and Caffeine Capsules, beginning
with ‘‘The column is typically 60 cm 6 3 mm.’’ Deter-
mine the amount of propoxyphene hydrochloride
(C22H29NO2 �HCl) in the solution by comparison with
the Standard solution.

3499 Vancomycin Hydrochloride Limit of monodechlorovanco-
mycin

Line 21 under Chromatographic system: Change ‘‘The
resolution, R, between vancomycin B and monode-
chlorovancomycin is not less than 1.9’’ to: The reso-
l u t i o n , R , b e t w e e n v a n c o m y c i n B a n d
monodechlorovancomycin is not less than 1.5
Line 7 under Procedure: Change the formula ‘‘0.1(WS/
WU)(rU/rS)P’’ to: 0.1(CS/CU)(rU/rS)P
Lines 8–11 under Procedure: Change ‘‘in which WS is
the weight, in mg, of USP Vancomycin B with Mono-
dechlorovancomycin RS in the Working standard solu-
tion; WU is the weight, in mg, of Vancomycin
Hydrochloride taken to prepare the Test solution;’’ to:
in which CS is the concentration, in mg per mL, of
USP Vancomycin B with Monodechlorovancomycin
RS in the Working standard solution; CU is the concen-
tration, in mg per mL, of Vancomycin Hydrochloride
taken to prepare the Test solution;
Line 15 under Procedure: Change ‘‘with USP Vanco-
mycin B with Monodechlorovancomycin RS’’ to: with
USP Vancomycin B with Monodechlorovancomycin
RS expressed as a decimal:

3581 h381i Elastomeric Closures for
Injections

Appearance of Solution (Tur-
bidity/Opalescence and Color)

Line 1 under Determination of Color: Change ‘‘Prepare
a solution by diluting 6.0 mL of
Matching Fluid O (see Color and Achromicity h631i)
with 94.0 mL of diluted hydrochloric acid.’’ to: Prepare
a solution by diluting 3.0 mL of Matching Fluid O (see
Color and Achromicity h631i) with 97.0 mL of diluted
hydrochloric acid.

Acidity or Alkalinity Line 2 under Blank Correction: Change ‘‘by subtracting
the volume of titrant required for the Blank.’’ to: by sub-
tracting or adding the volume of titrant required for the
Blank, as appropriate.
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IN-PROCESS REVISION
This section contains proposals for adoption as officialUSP or NF standards (either proposed new standards or proposed revisions of

current USP or NF standards). These may be any of the following: (1) items that previously appeared under Pharmacopeial Pre-

views and are now formally proposed as revisions, (2) proposed revisions placed directly under In-Process Revision, or (3) mod-

ifications of revisions previously proposed under In-Process Revision. Readers should review material in this section and provide

comments to the staff liaison (use the Staff Directory to find the contact information). Information on how to comment is found in the

Policies and Announcements section. It is important to send comments promptly so that the Committee members can consider read-

ers’ input as they are deciding whether to advance standards to official status.

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the
revision. Other relevant information. (For example, if a chromatographic method is being proposed, column spe-
cifications and retention times for compounds of interest.) Finally, the Committee designation (see How to Use
PF), the name of the scientific staff liaison who handled the particular issue, and the USP tracking correspondence
number, as shown in the example below:

(DSN: L. Evans) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. New text (if any) follows,

and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type (print edition only), as

shown in the examples below:

.new text.

if slated for an Interim Revision Announcement to USP 30–NF 25 (IRA);

~

new text
~USP31

if slated for USP 31–NF 26; and

&new text&

if slated for a Supplement to USP–NF. The same symbols not set off by an extra paragraph break and enclosing text with no increase

in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed text, such as . . or
&

& or
~

~
, it means that text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is

accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as the publication where the

revision will appear if approved. For example, .2 indicates that the revision is proposed for the Interim Revision Announcement that

will appear in issue 2 of a given PF volume, &2S (USP 30) indicates that the proposed revision is slated for the Second Supplement to

USP 30, and
~USP31 and ~NF26 indicate that the revisions are proposed for USP 31 and NF 26, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title stated after

that specification will be substituted for the former title in the appropriate places throughout that monograph once this revision

becomes official.
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IN-PROCESS REVISION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 899
MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 902

Amphetamine Sulfate (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 902
Amphetamine Sulfate Tablets (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 904
Atracurium Besylate Injection (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 905
Aurothioglucose Injectable Suspension (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 906
Aztreonam for Injection (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 906
Budesonide (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 907
Ceftazidime Injection (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 907
Ceftiofur Hydrochloride [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 908
Ceftiofur Sodium [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 912
Citalopram Hydrobromide (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 917
Cloprostenol Injection [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 918
Cloprostenol Sodium [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 920
Dextroamphetamine Sulfate (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 921
Enrofloxacin [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 924
Estradiol and Norethindrone Acetate Tablets (Proposal for IRA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 928
Fexofenadine Hydrochloride Tablets (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 931
Fluconazole Tablets [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 932
Fludarabine Phosphate for Injection (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 933
Gabapentin Tablets (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 934
Granisetron Hydrochloride Injection [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 935
Granisetron Hydrochloride Tablets [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 937
Hydroxychloroquine Sulfate Tablets (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 940
Ibuprofen (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 941
Ibuprofen Tablets (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 941
Human Insulin Isophane Suspension and Human Insulin Injection (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . 941
Isotretinoin Capsules (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 942
Itraconazole [New] (2nd Supp to USP 32) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 947
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MONOGRAPHS (USP)

BRIEFING

Amphetamine Sulfate, USP 31 page 1413. The following
revisions are proposed:
(1) To replace Identification test A by melting point of the benzoyl

derivative with an IR spectral method, and to add an
identification test by a retention time comparison;

(2) To replace the existing titration Assay with a stability-indicating
HPLC assay;

(3) To delete the Organic volatile impurities test because how to
calculate the specified limits are captured in the General
Notices.

(4) To replace the existing Chromatographic purity test with a
Related compounds test; and

(5) To introduce two new qualitative Reference Standards for
identification purposes. Both the Assay and the Related
compounds tests use the same HPLC method, which has been
validated with an Inertsil ODS-3 brand column. The typical
retention time under the chromatographic conditions for
amphetamine is about 6 minutes; the typical retention times
for the known impurities dextroamphetamine related compound
A and dextroamphetamine related compound B are about 12
and 13.1 minutes, respectively.

(MDPP: R. Ravichandran) RTS—C42262

Change to read:

USP Reference standards h11i—USP Dextroamphetamine Sulfate
RS.

&USP Dextroamphetamine Related Compound A RS. USP

Dextroamphetamine Related Compound B RS.&2S (USP32)

Change to read:

Identification—
A: Dissolve about 100 mg in 5 mL of water, add 5 mL of 1N

sodium hydroxide, cool to about 108, add 1 mL of a mixture of
absolute ether and benzoyl chloride (2 : 1), insert the stopper, and
shake for 3 minutes. Filter the precipitate, wash with about 10 mL of
cold water, and recrystallize from diluted alcohol: the crystals of the
benzoyl derivative of amphetamine so obtained, after drying at 808
for 3 hours, melt between 1318 and 1358, the procedure for Class I
being used (see Melting Range or Temperature h741i).
B: A solution (1 in 10) responds to the test for Sulfate.

&A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

C: A solution (1 in 10) meets the requirements of the tests

for Sulfate h191i.&2S (USP32)

Delete the following:

&Chromatographic purity—
Diluent—Dilute 3.12 mL of phosphoric acid with water to 1000

mL.
Buffer solution—Dissolve 2.16 g of sodium 1-octanesulfonate in

1000 mL of water, and add 1.0 mL of triethylamine. Mix, and adjust
with phosphoric acid to a pH of 2.5.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution, acetonitrile, and methanol (144 : 37 : 19). Make adjustments
if necessary (see System Suitability under Chromatography h621i).
Standard stock solution—Dissolve an accurately weighed quantity

of USP Dextroamphetamine Sulfate RS in Diluent to obtain a
solution having a known concentration of about 0.3 mg per mL.
Standard solution—Dilute an accurately measured volume of

Standard stock solution in Diluent to obtain a solution having a
known concentration of about 0.003 mg per mL.
Test solution—Transfer about 30 mg of Amphetamine Sulfate,

accurately weighed, to a 100-mL volumetric flask. Dissolve in 50
mL of Diluent, sonicate for 5 minutes, dilute with Diluent to volume,
and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 215-nm detector and a
4.6-mm 6 15-cm column that contains 5-mm packing L1. The flow
rate is about 1 mL per minute. Chromatograph the Standard stock
solution, and record the peak responses as directed for Procedure:
the tailing factor is not more than 2.0; and the relative standard
deviation for replicate injections is not more than 2.0%. Chromat-
ograph the Test solution, and record the peak responses as directed
for Procedure: the resolution, R, between amphetamine and any
adjacent peak, if any, is not less than 1.5.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of each impurity in the portion of
Amphetamine Sulfate taken by the formula:

10,000(C/W)(rI / rS)

in which C is the concentration, in mg per mL, of USP
Dextroamphetamine Sulfate RS in the Standard solution; W is the
weight, in mg, of Amphetamine Sulfate taken to prepare the Test
solution; rI is the peak response for each impurity obtained from the
Test solution; and rS is the peak response for amphetamine obtained
from the Standard solution: not more than 0.1% of any individual
impurity is found, and not more than 0.5% of total impurities is
found.&2S (USP32)

Add the following:

&Related compounds—

Solution A, Solution B, Mobile phase, Resolution solution,

and Chromatographic system—Prepare as directed for the

Assay.

Standard solution—Use the Standard preparation.

Test solution—Use the Assay preparation.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, and record the chromatograms. Identify the

impurities based on the relative times given in Table 1, and

measure the peak responses. Calculate the percentage of each

of the amphetamine related compound in the portion of

Amphetamine Sulfate taken by the formula
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100(CS /CU)(rU /rS)(1/F)

in which CS is the concentration, in mg per mL, of

dextroamphetamine sulfate in the Standard preparation; CU

is the concentration, in mg per mL, of Amphetamine Sulfate

in the Test solution; rU is the peak area of each impurity

obtained from the Test solution;rS is the peak area of

dextroamphetamine obtained from the Standard preparation;

and F is the relative response factor for each of the impurity

relative to dextroamphetamine.

Table 1

Related

Compound

Relative

Retention

Time

(RRT)

Relative

Response

Factor

(F)

Limit

(w/w%)

Cathinone 0.81 55.6 NMT 0.25

Amphetamine 1.0 1.0 —

Benzaldehyde 1.73 105.3 NMT 0.25

Dextroamphetamine

related compound A

1.88 1.5 NMT 0.25

Dextroamphetamine

related compound B

2.05 1.8 NMT 0.25

Individual unspeci-

fied impurity

— 1.0 NMT 0.1

Total — — NMT 1.0

&2S (USP32)

Delete the following:

&Organic volatile impurities, Method I h467i: meets the
requirements. &2S (USP32)

Change to read:

Assay—Dissolve about 500 mg of Amphetamine Sulfate, accurately
weighed, in 50 mL of glacial acetic acid, and titrate with 0.1N
perchloric acid VS, determining the endpoint potentiometrically.
Perform a blank determination, and make any necessary correction
(see Titrimetry h541i). Each mL of 0.1 N perchloric acid is
equivalent to 36.85 mg of (C9H13N)2 �H2SO4.

&Solution A—Add 5.0 mL of trifluoroacteic acid to 900 mL

of water, adjust with ammonium hydroxide to a pH of

2.2+ 0.1, then add 100 mL of acetonitrile. Mix well, and

degas.

Solution B—Use degassed acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Dextroamphetamine Sulfate RS in a suitable

volumetric flask, and dilute quantitatively with Solution A to

obtain a solution having a known concentration of about 2.0

mg per mL.

Resolution solution—Transfer about 40 mL of the Standard

preparation to a 50-mL volumetric flask. Using a microliter

syringe, add 1 mL each of USP Dextroamphetamine Related

Compound A RS and USP Dextroamphetamine Related

Compound B RS. Dilute with Standard preparation to

volume, and mix.

Assay preparation—Dissolve an accurately weighed quan-

tity of Amphetamine Sulfate in a suitable volumetric flask,

and dilute quantitatively with Solution A to obtain a solution

having a known concentration of about 2.0 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 257-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.5 mL per minute. The column is

maintained at 408. The chromatograph is programmed as

follows, and data is collected for 30 minutes.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–15 100?65 0?35 linear gradient

15–20 65?0 35?100 linear gradient

20–22 0 100 isocratic

22–23 0?100 100?0 linear gradient

23–30 100 0 re-equilibration
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Chromatograph the Resolution solution and the Standard

preparation, and record the peak responses as directed for

Procedure. Identify the peaks using the relative retention

times given in Table 1; the resolution, R, between

dextroamphetamine related compound A and dextroamphet-

amine related compound B is not less than 3.0; the tailing

factor of dextroamphetamine sulfate is not more than 3.0; and

the relative standard deviation for replicate injections of the

Standard preparation is not more than 2.0%. [NOTE—For

identification purposes, the approximate relative retention

times are given in Table 1. Amphetamine and dextroamphet-

amine have the exact same retention time.]

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the response for the dextroamphetamine peak. Calculate the

quantity, in percent of (C9H13N)2 �H2SO4, in the portion of

Amphetamine Sulfate taken by the formula:

100(CS CU)(rU / rS)

in which CS is the concentration of dextroamphetamine

sulfate, in mg per mL, of the Standard preparation; CU is the

concentration of Amphetamine Sulfate, in mg per mL, in the

Assay preparation; rU is the peak response for amphetamine

sulfate obtained from the Assay preparation; and rS is the

peak response for dextroamphetamine sulfate in the Standard

preparation.&2S (USP32)

BRIEFING

Amphetamine Sulfate Tablets, USP 31 page 1414. The currently
official monograph uses the general chapter Amphetamine Assay
h331i for the Assay. The method in h331i uses a 25- 6 300-mm
chromatographic tube manually packed with silica and uses the
gravity feed method to isolate the active ingredient. The method also
calls for the use of chloroform which is of safety concern due to its
carcinogenic nature. As a part of monograph modernization, it is
proposed to replace this old methodology with an HPLC method that
is used in the monograph for Dextroamphetamine Sulfate Tablets.
The proposed HPLC method has been validated with mBondapak
brand of L1 column. USP has received data indicating that a Wateers
Symmetry brand 4.6-mm 6 25-cm column that contains 5-mm
packing L1 is suitable for the analysis. Typical amphetamine
retention time is around 8 minutes for either column. It is also
proposed to add a second Identification method which uses the
retention time match.

(MDPP: R. Ravichandran) RTS—C63815

Change to read:

Identification—

&A: &2S (USP32)
Macerate a quantity of powdered Tablets, equivalent to about 50

mg of amphetamine sulfate, with 10 mL of water for 30 minutes, and
filter into a small flask. To the filtrate add 3 mL of 1N sodium
hydroxide. Cool to about 108 to 158, add 1 mL of a mixture of
1 volume of benzoyl chloride and 2 volumes of absolute ether, insert
the stopper, and shake well for 3 minutes. Filter the precipitate, wash
with about 15 mL of cold water, and recrystallize twice from diluted
alcohol: the crystals of the benzoyl derivative of amphetamine so
obtained, after drying at 808 for 2 hours, melt between 1318 and
1358, the procedure for Class I being used (see Melting Range or
Temperature h741i).

&B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&2S (USP32)

Change to read:

Assay—
&Standard preparation—Prepare as directed under Amphetamine

Assay h331i.
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 5 mg of amphetamine sulfate, to a 100-mL
beaker, add 2 mL of hydrochloric acid solution (1 in 100), swirl
gently to wet the powder thoroughly, warm on a steam bath for about
1 minute, with occasional gentle swirling, and cool. Add 3 g of
purified siliceous earth, and mix until a fluffy mixture is obtained.
Procedure—Proceed as directed under Amphetamine Assay h331i.

Calculate the quantity, in mg, of (C9H13N)2 �H2SO4 in the portion of
Tablets taken by the formula:

0.01C[(AU257 – AU280) / (AS257 – AS280)]

in which C is the concentration, in mg per mL, of USP
Dextroamphetamine Sulfate RS in the Standard preparation.
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Mobile phase—Dissolve 1.1 g of sodium 1-heptanesulfo-

nate in 525 mL of water. Add 25 mL of dilute glacial acetic

acid (14 in 100) and 450 mL of methanol. Adjust dropwise, if

necessary, with glacial acetic acid to a pH of 3.3+ 0.1. Pass

through a 0.5-mm membrane filter. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Dextroamphetamine Sulfate RS in 0.12N

phosphoric acid to obtain a solution having a known

concentration of about 0.3 mg per mL.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of the

mixed powder, equivalent to about 15 mg of amphetamine

sulfate, to a 50-mL volumetric flask. Add 40 mL of 0.12N

phosphoric acid, and sonicate for 15 minutes. Dilute with

0.12N phosphoric acid to volume, and mix. Pass through a

0.5-mm membrane filter, discarding the first 20 mL of the

filtrate. The nominal concentration of this solution is about

0.3 mg per mL of amphetamine sulfate based on the label

claim.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 3.9-mm 6 30-cm column that contains 10-mm packing

L1. The flow rate is about 2 mL per minute. Alternatively, a

4.6-mm 6 25-cm column that contains 5-mm packing L1 can

be used, with the flow rate of about 1.0 mL per minute.

Chromatograph replicate injections of the Standard prepara-

tion, and record the peak responses as directed for Procedure:

the tailing factor is not more than 3, and the relative standard

deviation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percent label

claim of (C9H13N)2 �H2SO4 in the portion of Tablets taken by

the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Dextroamphetamine Sulfate RS in the Standard preparation;

CU is the nominal concentration, in mg per mL, of

amphetamine sulfate based on label claim in the Assay

preparation; and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&2S (USP32)

BRIEFING

Atracurium Besylate Injection, USP 31 page 1467. In the test
for Related compounds it is proposed to delete the requirement of
‘‘not more than 2.0% of other known synthetic impurities is found,’’
as the synthetic impurities are controlled in the drug substance
monograph, thus making the monograph consistent with ICH
guidelines.

(MD-PP: R. Ravichandran) RTS—C64206

Change to read:

Related compounds—
Buffer solution, Solution A, Solution B, Mobile phase, and

Standard preparation—Proceed as directed in the Assay under
Atracurium Besylate.
System suitability solution—Heat a portion of the Standard

preparation at 908 for 30 minutes, and immediately chill to about 58.
Diluted standard solution—Dilute a portion of the Standard

preparation quantitatively, and stepwise if necessary, with Solution
A to obtain a solution having a known concentration of about 0.02
mg per mL.
Test solution—Use the Assay preparation.
Chromatographic system—Prepare as directed for Chromato-

graphic system in the Assay. Chromatograph the System suitability
solution and the Diluted standard solution, record the chromato-
grams, and measure the responses for the degradation products by
comparing the peak responses of the System suitability solution to
those of the Diluted standard solution as directed for Procedure: the
retention times relative to the atracurium besylate cis-cis-isomer are
about 0.22 for the acidic compound; 0.29 for laudanosine; 0.44 and
0.50 for the trans- and cis-isomers, respectively, of the hydroxy
compound; and about 1.28 and 1.33 for the trans- and cis-isomers,
respectively, of the monoacrylate.
Procedure—Separately inject equal volumes (about 20 mL) of the

Diluted standard solution and the Test solution into the chromato-
graph, record the chromatograms, and measure the peak responses,
except the peak due to benzenesulfonic acid occurring at a retention

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(4) [July–Aug. 2008] IN-PROCESS REVISION 905



time of about 0.08 relative to the atracurium besylate cis-cis-isomer.
Calculate the percentage of each impurity in the portion of Test
solution taken by the formula:

100(C /M)(ri / rs)

in which C is the concentration, in mg per mL, of USP Atracurium
Besylate RS in the Diluted standard solution; M is the concentration
of atracurium besylate, in mg per mL, in the Test solution; ri is the
peak response for each impurity obtained from the Test solution; and
rs is the sum of the responses of all the peaks obtained from the
Diluted standard solution: not more than 6.0% of the acidic
compound, not more than 6.0% of the combined cis- and trans-
isomers of the hydroxy compound, not more than 3.0% of
laudanosine, not more than 3.0% of the combined cis- and trans-
isomers of the monoacrylate, and not more than 2.0% of other
known synthetic impurities is found;

&

&2S (USP32)
and not more than 0.1% of any other impurity is found; and not more
than 15.0% of total impurities is found.

BRIEFING

Aurothioglucose Injectable Suspension, USP 31 page 1471.
Based on comments received, it is proposed to revise the monograph
by placing the Sterility test requirement, currently under Other
requirements, in a separate section for clarity, and to add a bacterial
endotoxin limit requirement, which is necessary for an injectable/
parenteral, to prevent a pyrogenic response.

(MD-CCA: C. Anthony) RTS—C64748

Add the following:

&Bacterial endotoxins h85i—It contains not more than 7.14

USP Endotoxin Units per mg of aurothioglucose.&2S (USP32)

Add the following:

&Sterility h71i—It meets the requirements.&2S (USP32)

BRIEFING

Aztreonam for Injection, USP 31 page 1481. On the basis of
comments received, it is proposed to revise the dimensions of the
saturator precolumn used in the Chromatographic system in the
Assay. The currently official method specifies a 50-cm guard
column, and such column lengths are no longer available. The
lengths of currently available guard columns range from 2 to 10 cm,
and the original method in CFR 455.204 specifies a 5- to 50-cm
saturator precolumn. Therefore the saturator precolumn length has
been revised to 5 to 10 cm. A suitable column may be a Waters
Porasil cartridge.

(MDANT: A. Wise) RTS—C63540

Change to read:

Assay—
Mobile phase—Dissolve 1.15 g of monobasic ammonium phos-

phate in about 800 mL of water. Adjust with phosphoric acid to a pH
of 2.0+ 0.1, dilute with water to 1000 mL, and mix. Prepare a
suitable mixture of acetonitrile and this solution (750 : 250). Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard preparation—Dissolve accurately weighed quantities of

USPAztreonam RS and USP L-Arginine RS quantitatively in Mobile
phase to obtain a solution containing known concentrations of about
0.2 mg of each per mL.
Resolution solution—Prepare a solution in Mobile phase contain-

ing in each mL about 0.2 mg each of USP Aztreonam RS and USP
Open Ring Aztreonam RS.
Assay preparation 1—Weigh accurately 1 container of Aztreonam

for Injection. Transfer the contents of the container to a 100-mL
volumetric flask. Weigh the empty container, and calculate the
weight, in mg, of Aztreonam for Injection removed. Dissolve the
powder in the volumetric flask in Mobile phase, dilute with Mobile
phase to volume, and mix. Dilute an accurately measured volume of
this solution quantitatively with Mobile phase to obtain a solution
having a concentration of about 0.2 mg of aztreonam per mL.
Assay preparation 2—Constitute 1 container of Aztreonam for

Injection with a volume of water, accurately measured, correspond-
ing to the volume of solvent specified in the labeling, except where
the capacity of the container is 100 mL or greater to constitute with
10 mL of water. Withdraw the total withdrawable contents of the
container, and dilute quantitatively, and stepwise if necessary, with
Mobile phase to obtain a solution containing about 0.2 mg of
aztreonam per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 206-nm detector, a 4.6-
mm 6 50-cm

&5- to 10-cm&2S (USP32)
saturator precolumn containing packing L27, and a 4-mm 6 25-cm
analytical column containing packing L20. The flow rate is about
1 mL per minute. Chromatograph the Resolution solution, and record
the responses as directed for Procedure: the relative retention times
are about 0.8 for aztreonam and 1.0 for open ring aztreonam; the
resolution, R, between aztreonam and open ring aztreonam is not less
than 2.0; the column efficiency as determined from the aztreonam
peak is not less than 1000 theoretical plates; the tailing factor for the
aztreonam peak is not more than 2.0; and the relative standard
deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation, Assay preparation 1, and Assay preparation
2 into the chromatograph, record the chromatograms, and measure
the responses for the major peaks. The relative retention times are
about 0.3 for aztreonam and 1.0 for arginine. Calculate the
percentage of aztreonam (C13H17N5O8S2) in the Aztreonam for
Injection taken by the formula:

0.1(CS PS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP Aztreonam
RS in the Standard preparation; PS is the assigned purity, in mg per
mg, of USPAztreonam RS; CU is the concentration, in mg per mL, of
Aztreonam for Injection in Assay preparation 1, based on the
weight, in mg, of Aztreonam for Injection removed from the
container and the extent of dilution; and rU and rS are the aztreonam
peak responses obtained from Assay preparation 1 and the Standard
preparation, respectively. Calculate the quantity, in mg, of
aztreonam (C13H17N5O8S2) in the container of Aztreonam for
Injection used to prepare Assay preparation 2 taken by the formula:

(CS PS L / 1000CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP Aztreonam
RS in the Standard preparation; PS is the assigned purity, in mg per
mg, of USP Aztreonam RS; L is the labeled quantity, in mg, of
aztreonam in the container of Aztreonam for Injection; CU is the
concentration, in mg per mL, of aztreonam in Assay preparation 2,
on the basis of the labeled quantity, in mg, of aztreonam in the
container and the extent of dilution; and rU and rS are the aztreonam
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peak responses obtained from Assay preparation 2 and the Standard
preparation, respectively.

BRIEFING

Budesonide, USP 31 page 1565. On the basis of comments
received, it is proposed to revise the following in the test for Related
compounds:
1. Correct the chemical name for D-homobudesonide impurity.
2. A footnote is added under the Table to indicate that 11-

ketobudesonide impurity is included in total specified impuri-
ties as per the FDA approved limits.

3. A footnote is added to the Table to indicate that the limit for 21-
dehydrobudesonide impurity includes both epimers.

(MDPS: D. Bempong; H. Ramanathan) RTS—C62513

Change to read:

Related compounds—
Buffer solution and Mobile phase—Proceed as directed in the

Assay.
Standard solution—Prepare as directed for the Standard prepa-

ration in the Assay.
Test solution—Proceed as directed for the Assay preparation.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4.6-mm 6 15-cm column that contains 5-mm packing L1. The flow
rate is about 1.5 mL per minute. Chromatograph the Standard
solution, and record the peak responses as directed for Procedure:
the column efficiency is not less than 5500 theoretical plates,
determined from the budesonide epimer B peak.
Procedure—Inject a volume (about 20 mL) of the Test solution

into the chromatograph, record the chromatogram, and measure all
of the peak responses. Calculate the percentage of each impurity in
the portion of Budesonide taken by the formula:

100(ri / rs)

in which ri is the peak area response for each impurity; and rs is the
sum of the responses of all the peaks: the impurities meet the
requirements listed in the Table below.

Compound Name
Relative

Retention Time Limit (%)
16a-Hydroxylprednisolone1 0.11 0.2
D-Homobudesonide2 0.36 0.10
21-Dehydrobudesonide (epimers)3 0.61; 0.66 0.07

&*
&2S (USP32)

14,15-Dehydrobudesonide4 0.86 0.10
Total specified impurities — 0.4

&5
&2S (USP32)

Any other individual impurity — 0.10
Total unspecified impurities — 0.4

1 11b,16a,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione.
2 16a,17-[(1RS)-ethylidenebis(oxo)]-11b,21-dihydroxypregna-1,4-diene-
3,20-dione
&16a,17-[(1RS-Butylidenebis(oxy)-11b-hydroxy-17-(hydroxy-
methyl)-D-homoandrosta-1,4-diene-3,17a-dione.&2S (USP32)

3 16a,17-[(1RS)-Butylidenebis(oxo)]-11b-hydroxy-3,20-dioxopregna-1,4-
dien-21-al.

&* Limit includes both epimers.&2S (USP32)

4 16a,17-[(1RS)-Butylidenebis(oxo)]-11b,21-dihydroxypregna-1,4,14-triene-
3,20-dione.

&5 Total specified impurities includes 11-ketobudesonide obtained in
the test for Limit of 11-ketobudenoside and the impurties listed
above.&2S (USP32)

BRIEFING

Ceftazidime Injection, USP 31 page 1693. On the basis of
comments received regarding the differences between the specifica-
tions provided in the monographs Ceftazidime for Injection and
Ceftazidime Injection, it is proposed to delete the time-consuming
test for Pyrogen from the Ceftazidime Injection monograph and add
the more specific Bacterial endotoxins test. The change will provide
a consistent approach for these two drug product monographs that
refer to the same drug substance.
It is also proposed to add USP Endotoxin RS to the USP Reference

standards section.

(MD-ANT: A. Wise; MSA: R. Tirumalai) RTS—C64744

Change to read:

USP Reference standards h11i—USP Ceftazidime Delta-3-Isomer
RS. USP Ceftazidime Pentahydrate RS.

&USP Endotoxin RS.&2S (USP32)

Delete the following:

&Pyrogen h151i—It meets the requirements, the test dose being a
volume of undiluted Injection providing 80 mg of ceftazidime per
kg.&2S (USP32)
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Add the following:

&Bacterial endotoxins h85i—It contains not more than 0.1

USP Endotoxin Unit per mg of ceftazidime.&2S (USP32)

BRIEFING

Ceftiofur Hydrochloride. Because there is no existing USP
monograph for this drug substance, a new monograph is being
proposed. The Chromatographic purity test consists of two HPLC
methods to ensure that all impurities are resolved from the main peak
of the article: in Test 1, the liquid chromatograph is equipped with a
254–nm and a 4.6–mm 6 15–cm column that contains 3–mm
packing L1. In Test 2, the liquid chromatograph is equipped with a
254–nm and a 4.0–mm 6 25–cm column that contains 5–mm
packing L20. The Assay test is an HPLC method validated using a
Phenomenex Zorbax C8 brand of a 4.6–mm 6 25–cm column that
contains 5–mm packing L7.

(VET: T. Sigambris) RTS—C58887

Add the following:

&Ceftiofur Hydrochloride

C19H17N5O7S3 �HCl 560.02

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-

[[(2-amino-4-thiazolyl)(methoxyimino)acetyl]amino]-3-

[[(2-furanylcarbonyl)thio]methyl]-8-oxo-, monohydro-

chloride, [6R-[6a,7b(Z)]]-.

(6R,7R)-7-[2-(2-Amino-4-thiazolyl)glyoxylamido]-3-(mer-

captomethyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-

2-carboxylic acid, 72-(Z)-(O-methyloxime), 2-furoate(e-

ster), monohydrochloride. [103980-44-5].

» Ceftiofur Hydrochloride contains not less than

844 mg and not more than 956 mg of ceftiofur

(C19H17N5O7S3) per mg of ceftiofur hydrochloride,

calculated on the anhydrous, solvent-excluded

basis.

Packaging and storage—Preserve in tight, light-resistant

containers, and store in a freezer.

Labeling—Label it to indicate that it is intended for

veterinary use only. Where it is intended for use in preparing

injectible dosage forms, the label states that it is sterile or

must be subjected to further processing during the preparation

of injectible dosage forms.

USP Reference standards h11i—USP Ceftiofur Hydrochlo-

ride RS. USP Ceftiofur System Suitability Mixture RS. USP

Endotoxin RS.

Identification—

A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Specific rotation h781Si: between – 1158 and –1278 on the

anhydrous, solvent-excluded basis.

Test solution: 5 mg per mL, in dimethylformamide.

Bacterial endotoxins h85i—Where the label states that

Ceftiofur Hydrochloride is sterile or that it must be subjected

to further processing during the preparation of injectable

dosage forms, it contains not more than 1.0 USP Endotoxin

RS Unit per mg of ceftiofur hydrochloride.

Water, Method I h921i: not more than 6.0%.

Chromatographic purity—

TEST 1—

Solution A—Prepare a filtered and degassed mixture of

water, acetonitrile, and trifluoroacetic acid (950 : 50 : 1).

Solution B—Prepare a filtered and degassed mixture of

acetonitrile, water, and trifluoroacetic acid (800 : 200 : 1).
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Mobile phase—Use variable mixtures of the Solution A and

the Solution B as directed under Chromatographic system.

Make adjustments if necessary (see System Suitability under-

Chromatographyhy h621i).

Diluent—Prepare a mixture of water, and acetonitrile (1 : 1)

and mix.

System suitability solution—Dissolve accurately weighed

quantities of USP Ceftiofur System Suitability Mixture RS in

Diluent to obtain a solution containing about 3.0 mg per mL.

Transfer 1.0 mL of this solution to a 10-mL volumetric flask,

dilute with water to volume, and mix. [NOTE—This solution

should be injected within 20 minutes of the initial

preparation.]

Test solution—Transfer about 30 mg of Ceftiofur Hydro-

chloride, accurately weighed, to a 10-mL volumetric flask,

dissolve in and dilute with Diluent to volume, and mix.

Transfer 1.0 mL of this solution to a 10-mL volumetric flask,

dilute with water to volume, and mix. [NOTE—This solution

should be injected within 20 minutes of the initial

preparation.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with 254-nm detector

and a 4.6-mm6 15.0-cm column that contains 3-mm packing

L1. The flow rate is about 1.0 mL per minute. The

chromatogram is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–5 100 0 isocratic

5–35 100?60 0?40 linear

35–50 60?0 40?100 linear

50–55 0 100 isocratic

55–60 0?100 100?0 linear

60–75 100 0 re-equilibration

Chromatograph the System suitability solution and the Test

solution, record the chromatograms, and measure the area

response for the peaks of interest as directed for Procedure:

the peak height of the major peak in the Test solution

chromatogram is between 0.7 and 1.0 absorbance units; the

retention time of ceftiofur is between 30 and 35 minutes, in

the System suitability solution chromatogram; and the

resolution, R, between the ceftiofur peak and the major

impurity peak (Impurity G) at the approximate relative

retention time of 1.08 is not less than 5.0.

Procedure—Inject a volume (about 10 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure all of the peak responses. Calculate the

percentage of each impurity peak that is equal to or greater

than 0.05% of the total corrected peak area using the

following formula and the relative response factors (F) from

the table below:

100ri / (rs + S)F

where ri is the peak area for each impurity peak in the Test

solution; rs is the peak area of ceftiofur in the Test solution; S

is the sum of areas of all impurity peaks, each divided by their

respective response factor (F) (see Table 1 below); and F is

the respective response factor of the individual impurity

relative to the ceftiofur peak:

Table 1

Impurity

Approximate

Relative

Retention

Time

Relative

Response

Factor (F)

A 0.03 1.6

B 0.10 0.77

C 0.33 2.5

D 0.70 0.61

E 0.71 0.81

F 0.98 0.89

G 1.08 0.90

H 1.22 1.2

I 1.29 1.0

J 1.45 0.48

All others 1.0
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Impurity G in not more than 3.6%; Impurity I is not more than

0.8%; any individual unknown impurity is not more than

0.5%; and the sum of all impurities is not more than 6.0%.

TEST 2—[NOTE—To minimize leaching of plastic compo-

nents, avoid contact between the Mobile phase and plastics

during all steps, including during preparation of the Mobile

phase the System suitability solution, the Test solution, and

when filling the injection vial.]

Mobile phase—Dissolve and mix 680 mg of monobasic

potassium phosphate in 1000 mL of water, equivalent to

0.005M. Adjust with 45% potassium hydroxide solution to a

pH of 7.5. Dissolve 10 g of electrophoresis grade sodium

dodecyl sulfate, and stir or slightly heat to complete

dissolution as necessary. Pass the final solution through an

aqueous compatible 0.45-mm membrane filter.

Blank solution—Use the Mobile phase.

System suitability solution—Prepare an approximately 0.15

mg per mL solution of the USP Ceftiofur System Suitability

Mixture RS in Mobile phase. Sonicate the solution, if

necessary, to facilitate dissolution. The ceftiofur peak

absorbance should be between 0.6 and 1.0 full scale.

[NOTE—This solution must be injected within 20 minutes of

adding the Mobile phase to the USP Ceftiofur System

Suitability Mixture RS.]

Test solution—Prepare an approximately 0.15 mg per mL

solution of Ceftiofur Hydrochloride in Mobile phase. The

ceftiofur peak absorbance should be between 0.6 to 1.0 full

scale. [NOTE—This solution must be injected within 20

minutes of adding Mobile phase to the Ceftiofur Hydrochlo-

ride.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with 254-nm detector

and a 4.0-mm6 25.0-cm column that contains 5-mm packing

L20. The column temperature is maintained at about 258. The

flow rate is about 1.0 mL per minute. Chromatograph the

System suitability solution as directed for Procedure and

record the peak areas: the resolution, R, between the ceftiofur

peak and the major impurity (Impurity G) at the approximate

relative retention time of 0.9 is not less than 1.0, and the

retention time of ceftiofur is not less than 2.5 minutes.

Procedure—Separately inject equal volumes (about 20 mL)

of the Blank solution and the Test solution. [NOTE—The Blank

solution should be injected at least three times during the run,

at the beginning, middle, and end.] Allow the chromatogram

of the Blank solution and Test solution to run for a period of

not less than two times the retention time of ceftiofur.

Evaluate the Blank solution injections: the total peak area

referred to for the Blank solution is the area of any artifact

peaks eluting in the region before the retention time of the

ceftiofur peak in the Test solution chromatogram that would

interfere with the integration of the high molecular weight

impurities. If the average total peak area of the Blank solution

injections is not more than 0.13% of the smallest total peak

area of the Test solution, no blank correction is required. If the

average total peak area of the Blank solution injections is

more than 0.13% but less than 3.00% of the smallest total

peak area of the Test solution, a blank correction is required in

the calculation. If a blank correction is needed, the range

percent of the total peak area values for the Blank solution

injections is not more than 0.5% of the smallest total peak

area of any Test solution when calculated by the formula:

100(ABL – ABS) /AC

in which ABL is the largest Blank solution area observed; ABS is

the smallest Blank solution area observed; and AC is the

smallest total peak area of any Test solution. If the average of

the Blank solution injections is greater than 3.00% of the

smallest total peak area of the Test solution chromatogram or

the percent range of the Blank solution values is more than

0.5%, prepare new a Mobile phase.

Using the newly prepared Mobile phase, prepare a new

Blank solution, System suitability solution, and Test solution,

and repeat the Procedure. Calculate the percentage of the

peaks of impurities using the following formula:
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T2 – [T1(100 – (T2 – T1)/100)]

in which T1 equals the sum of coeluting impurities from Test

1 (Impurities A, B, C, D, E, G, and J) and T2 is represented by

the following formula:

100[(ri /0.8)/(ri / 0.8 + rs)]

in which ri is the total area response of all peaks eluting prior

to ceftiofur (blank corrected as needed); 0.8 is the relative

response factor of the high molecular weight impurities

eluting prior to the ceftiofur peak; and rs is the total area

response off the ceftiofur peak and all peaks eluting after the

ceftiofur peak. Not more than 3.9% of impurities is found.

Assay—

Mobile phase—Dissolve and mix 3.85 g of ammonium

acetate in 13.5 mL of 40% tetrabutylammonium hydroxide,

add 700 mL of water, and mix. Adjust with glacial acetic acid

to a pH of 6.7+0.1 . Pass through a 0.45-mm membrane filter.

To 700 mL of the resulting solution, add 200 mL of methanol

and 110 mL of tetrahydrofuran. Mix and degas. Make

adjustments, if necessary (see System Suitability under

Chromatography h621i).

Internal standard solution—Dissolve an accurately

weighed quantity of ethylparaben in aqueous 0.05M

ammonium acetate, and dilute quantitatively, and stepwise

if necessary, with aqueous 0.05M ammonium acetate to

obtain a solution having a known concentration of about 0.05

mg per mL.

Standard preparation—Dissolve about 4.0 mg of USP

Ceftiofur Hydrochloride RS, accurately weighed, in 1.0 mL

of methanol, add 25.0 mL of Internal standard solution, and

mix.

Assay preparation—Dissolve about 4.0 mg of Ceftiofur

Hydrochloride, accurately weighed, in 1.0 mL of methanol,

add 25.0 mL of Internal standard solution, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L7. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 408. Chromatograph a total of

six replicates of at least two different Standard preparations,

and record the peak areas as directed for Procedure: the

retention time for ceftiofur is about 6 minutes and the relative

retention time of Impurity F and ethylparaben (compared to

ceftiofur) is about 1.3 and about 2.5, respectively; the

resolution, R, between ceftiofur and Impurity F is not less

than 4.1; the capacity factor, k ’, of the ceftiofur peak is less

than 4.0; and the relative standard deviation for six replicates

of the standard response factor is not greater than 2.0%. The

standard response factor is calculated by the formula:

P(WS /RS)

in which, P is the potency, in mg of ceftiofur per mg, of USP

Ceftiofur Hydrochloride RS; WS is the weight, in mg, of USP

Ceftiofur Hydrochloride RS in the Standard preparation; and

RS is the ratio of the ceftiofur peak response to the internal

standard peak response obtained from the Standard prepara-

tion.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the ceftiofur peak. Calculate the potency, in

mg, of C19H17N5O7S3 per mg of Ceftiofur Hydrochloride on

the anhydrous, solvent-excluded basis taken by the formula:

[100P(RU /RS)(CS /C U)]/(100 –W – S)

in which P is the potency, in mg ceftiofur per mg, of USP

Ceftiofur Hydrochloride RS; RU and RS are the ratios of the

ceftiofur peak response to the internal standard peak response

obtained from the Assay preparation and the Standard

preparation, respectively; CS and C U are the concentrations,

in mg per mL, of USP Ceftiofur Hydrochloride RS and
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Ceftiofur Hydrochloride in the Standard preparation and the

Assay preparation, respectively; W is the percent water; and S

is the percent of solvents found in Ceftiofur Hydrochlo-

ride.&2S (USP32)

BRIEFING

Ceftiofur Sodium. Because there is no existing USP monograph
for this drug substance, a new monograph is being proposed. The
Limit of acetone and tetrahydrofuran test is a GC method in which
the gas chromatograph is equipped with a flame-ionization detector
and a 0.32-mm 6 30-m fused silica analytical column coated with a
1.8-mm G43 stationary phase, and a 0.32-mm 6 5-m fused silica
guard column that is nonpolar, deactivated, and uncoated; the
method was validated using an Agilent WCOT brand of G43
column. The Chromatographic purity test consists of two HPLC
methods to ensure that all impurities are resolved from the main peak
of the article: in Test 1, the liquid chromatograph is equipped with a
254-nm detector and a 4.6-mm 6 15-cm column that contains 3-mm
packing L1. In Test 2, the liquid chromatograph is equipped with a
254-nm detector and 4.0-mm 6 25-cm column that contains 5-mm
packing L20. USP has received data indicating that either a Jones
Genesis C-18 or a Phenomenex Luna C-18 brand of column is
suitable for Test I; USP has received data indicating that an Agilent
LiChrospher DIOL, pore size of 100 is suitable for Test 2. For new
LiChrospher columns, analysts are advise to rinse with alcohol
according to the manufacturer’s instructions, then store in a mixture
of methanol and water [5 : 95(v/v)] for at least 16 hours prior to the
first use. The Assay is an HPLC method validated using an
Phenomenex Zorbax RX C8 brand of a 4.6-mm 6 25-cm column
that contains 5-mm packing L7. Interested parties are invited to
submit comments.

(VET: I. DeVeau) RTS—C42877

Add the following:

&Ceftiofur Sodium

C19H16N5O7S3 �Na �H2O 563.57

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[2-

(2-amino-4-thiazolyl)-2-(methoxyimino)acetyl]amino]-

3-[[(2-furanylcarbonyl)thio]methyl]-8-oxo-, sodium salt,

hydrate.

Sodium 7-{[(2Z)-2-(2-amino-1,3-thiazol-4-yl)-2-(methoxyi-

mino)ethanoyl]amino}-3-[(2-furoylthio)methyl]-8-oxo-

5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylate hy-

drate [104010-37-9].

» Ceftiofur Sodium is the sodium salt of ceftiofur. It

has a potency equivalent to not less than 862 mg

and not more than 970 mg of ceftiofur per mg of

ceftiofur sodium, calculated on the anhydrous,

solvent-excluded basis.

Packaging and storage—Preserve in tight containers, and

store in a freezer.

Labeling—Label to indicate that it is intended for veterinary

use only. Where it is intended for use in preparing injectable

dosage forms, the label states that it is sterile or must be

subjected to further processing during the preparation of

injectable dosage forms.

USP Reference standards h11i—USP Ceftiofur Hydrochlo-

ride RS. USP Ceftiofur Sodium RS. Ceftiofur System

Suitability Mixture RS. USP Endotoxin RS.

Identification—

A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Bacterial endotoxins h85i—Where the label states that

Ceftiofur Sodium is sterile or that it must be subjected to

further processing during the preparation of injectable dosage

forms, it contains not more than 1.0 USP Endotoxin RS Unit

per mg of ceftiofur sodium.
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pH h791i: between 5.0 and 7.0, in a solution containing 50

mg per mL.

Water, Method I h921i: not more than 4.0%.

Limit of acetone and tetrahydrofuran—

Diluent—Use N-methylpyrrolidinone.

Standard solution—Transfer an accurately weighed quan-

tity of acetone and tetrahydrofuran into an accurately weighed

quantity of Diluent, and dilute quantatively by weight, and

stepwise if necessary, with Diluent to obtain a solution having

known concentrations of about 500 ppm of acetone and 72

ppm of tetrahydrofuran.

Resolution solution—Prepare a solution having known

concentrations of 41 ppm of acetonitrile, 500 ppm of

isopropanol, 500 ppm of methyl ethyl ketone, and 500 ppm

of ethyl acetate in Diluent.

Sensitivity standard solution—Transfer an accurately

weighed quantity of acetone and tetrahydrofuran into an

accurately weighed quantity of Diluent, and dilute quanta-

tively by weight, and stepwise if necessary, with Diluent to

obtain a solution having known concentrations of about 25

ppm of acetone and 7.2 ppm of tetrahydrofuran.

Test solution—Dissolve an accurately weighed quantity of

about 140 mg of Ceftiofur Sodium into a vial, and add about

1.4 g of Diluent accurately weighed, recording both sample

weight and combined weight of sample plus the Diluent. Seal

with a teflon-lined septum cap, and shake or sonicate until

completely dissolved.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 0.32-mm 6 30-m fused silica analytical

column coated with a 1.8-mm G43 stationary phase, and a

0.32-mm 6 5-m fused silica guard column that is nonpolar,

deactivated, and uncoated. The inlet sleeve is a 2-mm ID

multi-baffled liner with a programmable temperature inlet. A

4-mm ID splitless, deactivated liner with a plug of glass wool

is used with a fixed temperature inlet. The carrier gas is

helium, with a flow rate of about 2 mL per minute at the

detector. The split flow is about 20 mL per minute for the

fixed temperature inlet and about 30 mL per minute for the

programmable temperature inlet. The chromatographic

column is programmed as follows.

Initial

Temperature

Rate of

Change

(per minute)

Final

Temperature

Hold Time

at Final

Temperature

(minutes)

408 08 408 5

408 88 1288 0

1288 step increase 2508 5

The injector temperature is held at 1758. For a programmable

temperature inlet, the initial temperature is equilibrated at

1758, then, 16 minutes after injection the temperature setting

is increased immediately to 2508, and maintained at this

temperature for 7 minutes. The detector temperature is held at

2508. Chromatograph the Resolution solution as directed for

Procedure, and record the peak area responses: the relative

retention times are about 1.0 for isopropanol eluting at about

4.1 minutes; 1.05 for acetonitrile; 1.67 methyl ethyl ketone;

and 1.70 ethyl acetate. The resolution, R, between the

isopropanol and acetonitrile peaks is not less than 1.3.

Chromatograph the Sensitivity standard solution as directed

for Procedure: the sensitivity, as percent recovery, is greater

than 50% and less than 150%, calculated by the formula:

100,000,000(1/S)(rSS / rS)(CS /CU)

in which S is the concentration, in ppm, for acetone or

tetrahydrofuran in the Sensitivity standard solution; rSS is the

peak area response for acetone or tetrahydrofuran in the

Sensitivity standard solution; rS is the peak area response for

acetone or tetrahydrofuran in the Standard solution; CS is the

concentration, in g per g, of acetone or tetrahydrofuran in the

Standard solution; and CU is the theoretical concentration of

the Test solution (0.1 g ceftiofur sodium per 1.0 g solution).

Chromatograph the Standard solution as directed for
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Procedure: the relative standard deviation for replicate

injections, determined individually from the acetone and

tetrahydrofuran peaks, is not more than 5%.

Procedure—Separately inject equal volumes (about 0.5 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Separately calculate the ppm

of acetone and tetrahydrofuran in Ceftiofur Sodium by the

formula:

1,000,000(rU / rS) / (CS /CU)

in which rU is the peak area response for acetone or

tetrahydrofuran in the Test solution; rS is the peak area

response for acetone or tetrahydrofuran in the Standard

solution; CS is the concentration of solvent standard, in g per

g, of combined solvent standard plus the Diluent in the

Standard solution; CU is the concentration of Ceftiofur

Sodium, in g per g, of combined Ceftiofur Sodium plus the

Diluent in the Test solution: not more than 20,000 ppm of

acetone and not more than 7,000 ppm of tetrahydrofuran is

found.

Chromatographic purity—

TEST 1—

Solution A—Prepare a mixture of water, acetonitrile, and

trifluoroacetic acid (950 : 50 : 1). Mix and degas.

Solution B—Prepare a mixture of water, acetonitrile, and

trifluoroacetic acid (200 : 800 : 1). Mix and degas.

Mobile phase—Use variable mixtures of the Solution A and

the Solution B as directed under Chromatographic system.

Make adjustments if necessary (see System Suitability under

h621i).

Diluent—Prepare a mixture of water and acetonitrile

(95 : 5), and mix well.

System suitability solution—Prepare a solution of the USP

Ceftiofur System Suitability Mixture RS containing 0.3 mg

per mL in Diluent. [NOTE—This solution should be injected

within 20 minutes of preparation.]

Test solution—Prepare a solution of Ceftiofur Sodium

containing approximately 0.3 mg per mL in Diluent. [NOTE—

This solution should be injected within 20 minutes of

preparation.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 15-cm column that contains 3-mm packing

L1. The flow rate is about 1 mL per minute. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–5 100 0 isocratic

5–35 100?60 0?40 linear

35–50 60?0 40?100 linear

50–55 0 100 isocratic

55–60 0?100 100?0 linear

60–75 100 0 re-equilibrium

Chromatograph the System suitability solution and the Test

solution, record the chromatograms, and measure the area

response for the peaks of interest as directed for Procedure:

the peak height of the major peak in the Test solution

chromatogram is between 0.7 and 1.0 absorbance units; in the

System suitability solution chromatogram the retention time

of ceftiofur is between 30 and 35 minutes; and the resolution,

R, between the ceftiofur peak and the major impurity at the

approximate relative retention time of 1.1 (Impurity F) is not

less than 5.0.

Procedure—Inject a volume (about 10 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure all of the peak areas. Calculate the percentage of

each impurity peak that is equal to or greater than 0.05% of

the total corrected peak area using the following equation and

the relative response factors (F) from the Table 1. Peaks not

listed in the table should be calculated using a relative

response factor of 1.0.

100ri / (rC + S)F
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where ri is the peak area for each impurity peak in the Test

solution; rC is the peak area of ceftiofur in the Test solution;

and S is the sum of areas of all impurity peaks each divided

by their respective response factor relative to the ceftiofur

peak, F, listed below:

Table 1

Impurity

Approximate

Relative

Retention Time

Relative Response

Factor (F)

A 0.03 1.6

B 0.33 2.5

C 0.70 0.61

D 0.71 0.81

E 0.98 0.89

F 1.08 0.90

G 1.44 0.48

All others 1.0

Impurity D is not more than 0.3% and Impurity F is not more

than 1.0%. Not more than 0.5% of any other individual

impurity is found, and the sum of all impurities is not more

than 2.2%.

TEST 2—[NOTE—To minimize leaching of plastic compo-

nents, avoid contact between the Mobile phase and plastics

during all steps, including during preparation of the Mobile

phase, the System suitability solution, the Test solution, and

when filling the injection vial.]

Mobile phase—Dissolve and mix 680 mg of monobasic

potassium phosphate in 1 L of water, equivalent to 0.005M.

Adjust with 45% potassium hydroxide solution to a pH of

7.5. Dissolve 10 g of electrophoresis grade sodium dodecyl

sulfate, and stir or slightly heat to complete dissolution, as

necessary. Pass the final solution through an aqueous

compatible 0.45-mm membrane filter.

Blank solution—Use the Mobile phase.

System suitability solution—Prepare an approximately 0.10

to 0.25 mg per mL solution of the USP Ceftiofur System

Suitability Mixture RS in Mobile phase. Sonicate the solution

to facilitate dissolution, if necessary. The ceftiofur peak

absorbance should be between 0.6 to 1.0 full scale. [NOTE—

Inject this solution within 20 minutes of adding the Mobile

phase to the USP Ceftiofur System Suitability Mixture RS.]

Test solution—Prepare an approximately 0.10 to 0.25 mg

per mL solution of Ceftiofur Sodium in Mobile phase. The

ceftiofur peak absorbance is between 0.6 to 1.0 full scale.

[NOTE—Inject this solution within 20 minutes of adding the

Mobile phase to the Ceftiofur Sodium.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.0-mm 6 25-cm column that contains 5-mm packing

L20. The column temperature is maintained at 258, and the

flow rate is about 1 mL per minute. Chromatograph the

System suitability solution as directed for Procedure, and

record the peak areas: the retention time of ceftiofur is greater

than or equal to 2.5 minutes; and the resolution, R, between

the ceftiofur peak and the major impurity at the approximate

relative retention time of 0.9 is not less than 1.0.

Procedure—Initially inject about 20 mL of the Blank

solution three times to condition the system. After condition-

ing the system inject equal volumes (about 20 mL) of the

Blank solution and the Test solution. Collect chromatographic

data on these injections for not less than two times the

retention time of ceftiofur.

Evaluate the Blank solution injections: the total peak area

referred to for the Blank solution is the area of any artifact

peaks eluting in the region before the retention time of the

ceftiofur peak in the Test solution chromatogram. If the

average total peak area of the Blank solution injections is less

than or equal to 0.13% of the smallest total peak area of the

Test solution, no blank correction is required. If the average

total peak area of the Blank solution injections is more than

0.13% but less than 3.00% of the smallest total peak area of

the Test solution, a blank correction is required in the

calculation. If a blank correction is needed, the percent range
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of the total peak area values for the Blank solution injections

is not more than 0.5% of the smallest total peak area of any

Test solution, when calculated by the formula:

100(ABL – ABS) /AC

in which ABL is the largest Blank solution area observed; ABS is

the smallest Blank solution area observed; and AC is the

smallest total peak area of any Test solution. If the average of

the Blank solution injections is more than 3.00% of the total

peak area of the Test solution chromatograph, or the range of

the Blank solution values is more than 0.5%, prepare a new

Mobile phase.

Using the newly prepared Mobile phase, prepare a new

Blank solution, System suitability solution, and Test solution,

and repeat the Procedure. Calculate the percentage impurities

peak using the following formula:

100(ri /0.8)/[(ri /0.8) + rC + rA]

in which ri is the total area response of all peaks eluting prior

to ceftiofur minus the average Blank solution peak area

response, as needed; 0.8 is the relative response factor of the

impurities eluting prior to the ceftiofur peak; rC is the peak

area of the ceftiofur peak; and rA is the total area response of

all peaks eluting after the ceftiofur peak. Not more than 7.8%

impurities is found.

Assay—

Mobile phase—Dissolve and mix 3.85 g of ammonium

acetate and 13.5 mL of 40% tetrabutylammonium hydroxide

in 700 mL of water. Adjust with glacial acetic acid to a pH of

6.7+ 0.1. Pass through a 0.45-mm membrane filter. Add 200

mL of methanol and 110 mL of tetrahydrofuran. Mix and

degas. Make adjustments if necessary (see System Suitability

under Chromatography h621i).

Internal standard solution—Dissolve an amount of ethyl-

paraben, accurately weighed, in aqueous 0.05M ammonium

acetate to obtain a known concentration of about 0.05 mg per

mL.

Standard preparation—[NOTE—Perform all manipulations

involving the weighing of the USP Ceftiofur Hydrochloride

RS in an area with a relative humidity between 23% and

31%.] Dissolve an accurately weighed quantity of USP

Ceftiofur Hydrochloride RS in Internal standard solution to

obtain a solution having a known concentration of about 0.16

mg ceftiofur hydrochloride per mL.

Assay preparation—Dissolve about 4.0 mg of Ceftiofur

Sodium, accurately weighed, in 25.0 mL of Internal standard

solution.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L7 and is maintained at 408. The flow rate is about 1.5 mL per

minute. Chromatograph a total of six replicates of at least two

different Standard preparations, and record the peak areas as

directed for Procedure: the retention time of ceftiofur is about

6 minutes; the relative retention time of ethylparaben is not

less than 2.3 compared to ceftiofur; the capacity factor, k ’ of

the ceftiofur peak is less than 4.0; the relative standard

deviation for six replicates of the standard response factor is

not greater than 2.0%; and the standard response factor is

calculated by the formula:

P (WS /RS)

in which, P is the potency, in mg, of ceftiofur per mg, of USP

Ceftiofur Hydrochloride RS; WS is the weight, in mg, of USP

Ceftiofur Hydrochloride RS, calculated within a 25.0-mL

aliquot of the Standard preparation; and RS is the ratio of the

ceftiofur peak area to the internal standard peak area obtained

from the Standard preparation.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the areas responses for the major peaks. Calculate the

potency, in mg, of C19H16N5O7S3 per mg of Ceftiofur

Sodium on the anhydrous, solvent-excluded basis taken by

the formula:
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100.0P(RU /RS)(CS /CU)/(100.0 – W – S)

in which P is the potency, in mg of ceftiofur per mg, of USP

Ceftiofur Hydrochloride RS; RU and RS are the ratios of the

ceftiofur peak area to the internal standard peak area obtained

from the Assay preparation and the Standard preparation,

respectively; CS and CU are the concentrations, in mg per mL,

of USP Ceftiofur Hydrochloride RS and Ceftiofur Sodium in

the Standard preparation and the Assay preparation,

respectively; W is the percent of water found; and S is the

percent of solvents in Ceftiofur Sodium.&2S (USP32)

BRIEFING

Citalopram Hydrobromide. USP 31 page 1778 and page 214 of
PF 33(2) [Mar.–Apr.]. It is proposed to clarify the monograph by
adding instructions for calculating unspecified impurities in Related
compounds, Test 2.

(MD-PP: R. Ravichandran) RTS—C64652

Change to read:

Identification—
A: Infrared Absorption h197Ki.
B: The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromatogram of
the Standard preparation, as obtained in the Assay.
C: A solution of 10 mg per mL meets the requirements of the

test

&requirement of the silver nitrate precipitate test&1S (USP31)
for Bromide h191i.

Change to read:

Related compounds—
NOTE—On the basis of the synthetic route used, perform either Test

1 or Test 2. However, if the chloro and bromo analogs are potential
related compounds in the synthetic route used, Test 2 is recom-
mended.

TEST 1—
Buffer, Mobile phase, Diluent, and Chromatographic system—

Proceed as directed in the Assay. Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Working standard solution—Dilute the Standard solution with

Diluent, quantitatively and stepwise if necessary, to obtain a solution
having a concentration of 0.625 mg per mL of citalopram
hydrobromide.
System suitability solution—Dissolve an accurately weighed

quantity of USP Citalopram Hydrobromide RS and USP Citalopram
Related Compound D RS in Diluent, and dilute quantitatively, and
stepwise if necessary, with Diluent to obtain a solution having a
known concentration of about 0.001 mg per mL.

Sensitivity solution—Dilute 5.0 mL of the Working standard
solution with Diluent to 50 mL to obtain a solution having 0.0625 mg
of citalopram hydrobromide per mL.
Test solution—Use the Assay preparation.
Chromatographic system (see Chromatography h621i)—Inject

the Diluent as directed for Procedure to verify that there are no
interfering peaks. Chromatograph the Sensitivity solution, and record
the peak responses as directed for Procedure: the signal-to-noise
ratio is at least 3. Chromatograph the System suitability solution, and
record the peak responses as directed for Procedure: the resolution,
R, between citalopram related compound D and citalopram is not
less than 1.8; the tailing factor for the citalopram hydrobromide peak
is not less than 0.8 and not more than 1.5; and the relative standard
deviation for replicate injections, based on the citalopram peak, is
not more than 5%.

NOTE—For the purpose of identification, the approximate relative
retention times are 0.90 for citalopram related compound D and 1.0
for citalopram hydrobromide.
Procedure—Separately inject equal volumes (about 20 mL) of the

Working standard solution and the Test solution into the chromat-
ograph, record the chromatograms for about 40 minutes, and
measure the responses for the major peaks. Calculate the percentage
of related compounds in the portion of Citalopram Hydrobromide
taken by the formula:

100(CS /CT)(ri / rS)(324.39/405.30)(1/F)

in which CS and CT are the concentrations, in mg per mL, of
Citalopram Hydrobromide in the Working standard solution and the
Test solution, respectively; ri is the peak response for each impurity
obtained from the Test solution; rS is the peak response for the
citalopram peak, obtained from the Working standard solution;
324.39 and 405.30 are the molecular weights for citalopram and
citalopram hydrobromide, respectively; and F is the relative response
factor for each impurity relative to citalopram (free base), as
presented in Table 1.

Table 1

Related Compound

Relative
Retention
Time

Relative Re-
sponse

Factor (F) Limit (%)
1-(3-Dimethylamino-
propyl)-1-(4’-fluoro-
phenyl)-5-(4-dimethy-
laminobutyryl)-1,3-
dihydrobenzofuran

0.13 0.34 NMT* 0.1

Citalopram related com-
pound A

0.18 0.77 NMT 0.1

4-[4-Dimethylamino-1-
(4’-fluorophenyl)-1-
hydroxy-1-bu ty l ] -
3hydroxymethyl ben-
zonitrile

0.26 0.99 NMT 0.1

Citalopram related com-
pound B

0.40 0.98 NMT 0.1

Citalopram related com-
pound C

0.67 0.69 NMT 0.1

Citalopram related com-
pound D

0.90 1.04 NMT 0.1

Citalopram hydrobro-
mide

1.0 1.0 —

Citalopram related com-
pound E

1.29 0.91 NMT 0.1

Individual unknown im-
purity — 1.0

NMT 0.1
each

Total impurities — — NMT 0.5

* NMT = not more than.

TEST 2—
Buffer—Dissolve about 2.7 g of monobasic potassium phosphate

in 1000 mL of water, add 1 mL of N,N-dimethyloctylamine, stir, and
adjust with phosphoric acid to a pH of 3.0.
Diluent—Prepare a mixture of Buffer and acetonitrile (70 : 30).

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(4) [July–Aug. 2008] IN-PROCESS REVISION 917



Solution A—Prepare a mixture of Buffer, methanol, and tetrahy-
drofuran (70 : 24 : 6).
Solution B—Prepare a mixture of acetonitrile and Buffer (80 : 20).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed in Table 2 for Chromatographic system. Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard solution—Dissolve accurately weighed quantities of

USP Citalopram Hydrobromide RS, USP Citalopram Related
Compound A RS, USP Citalopram Related Compound C RS, USP
Citalopram Related Compound D RS, USP Citalopram Related
Compound G RS, and USP Citalopram Related Compound H RS in
Diluent to obtain a final solution having a concentration of 1.5 mg per
mL of each compound.
Test solution—Dissolve an accurately weighed quantity of

Citalopram Hydrobromide in a suitable volume of Diluent to
obtain a solution having a final concentration of 1.5 mg per mL of
citalopram hydrobromide.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 224-nm detector and a
4.6-mm 6 25-cm column that contains 5-mm packing L1. The flow
rate is about 0.8 mL per minute. The column temperature is
maintained at 408. The chromatograph is programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–18 100 0 isocratic
18–40 100?10 0?90 linear gradient
40–45 10 90 isocratic
45–46 10?100 90?10 linear gradient
46–55 100 0 re-equilibration

Chromatograph the Standard solution, and record the peak responses
as directed for Procedure: the resolution, R, between citalopram and
citalopram related compound D is not less than 2.0, and that between
citalopram related compound G and citalopram related compound H
is not less than 4.0; and the relative standard deviation for the
citalopram peak in replicate injections is not more than 2.0%.

NOTE—For the purpose of identification, the approximate relative
retention times of citalopram related compounds are provided in
Table 2.

Table 2

Related Compound

Relative
Retention
Time Limit (%)

Citalopram related compound A 0.40 NMT* 0.10
Citalopram related compound C 0.88 NMT 0.10
Citalopram 1.0 —
Citalopram related compound D 1.09 NMT 0.10
Citalopram related compound G 2.20 NMT 0.10
Citalopram related compound H 2.30 NMT 0.10
Individual unspecified impurity — NMT 0.10
Total specified and unspecified
impurities

— NMT 0.50

* NMT = not more than.

Procedure—Inject equal volumes (about 10 mL) of the Standard
solution and the Test solution into the chromatograph, record the
chromatograms, and measure all the peak responses. Calculate the
percentage of each citalopram related compound in the portion of
Citalopram Hydrobromide taken by the formula:

100(CS /CT)(ri / rS)

in which CS is the concentration, in mg per mL, of each citalopram
related compound in the Standard solution; CT is the concentration
of citalopram hydrobromide in the Test solution; ri is the peak area of

each impurity obtained from the Test solution; rS is the peak area of
each corresponding impurity obtained from the Standard solution.

&Calculate the percentage of each unspecified impurity using

the same formula above, but using the concentration, in mg

per mL, of citalopram free base in the Standard solution for

CS and the response for citalopram peak obtained from the

Standard solution for rS.&2S (USP32)

BRIEFING

Cloprostenol Injection. Because there is no existing USP
monograph for this drug product, a new monograph is being
proposed. The tests for Related compounds and Assay are HPLC
methods based upon analyses performed with a Waters Symmetry
5-mm 6 25-cm brand of L1 column. Interested parties are invited to
submit comments.

(VET: T. Sigambris) RTS—C53131

Add the following:

&Cloprostenol Injection

» Cloprostenol Injection is a sterile solution of

Cloprostenol Sodium in Water for Injection. It

contains not less than 90.0 percent and not more

than 110.0 percent of the labeled amount of

cloprostenol (C22H29ClO6).

Packaging and storage—Preserve in single-dose or multi-

ple-dose containers protected from light. Store at controlled

room temperature.

Labeling—Label it to indicate that it is for veterinary use

only, and to indicate the strength as the equivalent amount of

cloprostenol per dose.

USP Reference standards h11i—USP Cloprostenol Sodium

RS. USP Endotoxin RS. USP Hydrocortisone Acetate RS.
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Identification—

A: The retention time of the cloprostenol peak in the

chromatogram of the Assay preparation corresponds to that

of the cloprostenol peak in the chromatogram of the Standard

preparation, obtained as directed in the Assay.

B: It meets the requirements of the test for Sodium h191i.

Bacterial endotoxins h85i—It contains not more than 2500

USP Endotoxin Units per mg of cloprostenol.

Sterility h71i—It meets the requirements when tested as

directed for Membrane Filtration under Test for Sterility of

the Product to be Examined.

Related compounds—

Mobile phase—Prepare as directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Cloprostenol Sodium RS and USP Hydrocorti-

sone Acetate RS in dehydrated alcohol, and dilute

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution containing about 0.25 mg of cloprostenol

and 0.5 mg of hydrocortisone per mL of solution.

Test solution—Prepare as directed for Assay preparation.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the resolution, R, determined from the Standard

solution chromatogram, between the hydrocortisone peak and

the cloprostenol peak is not less than 6.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all of

the peak responses. Calculate the percentage of each impurity

in the portion of Injection taken by the formula:

100(ri / rS)

in which ri is the peak response for each impurity obtained

from the Test solution; and rS is the peak response of

cloprostenol obtained from the Standard solution: not more

than 0.1% of any individual impurity is found, and not more

than 2.5% of total impurities is found. Disregard any peak

below 0.05%.

Other requirements—It meets the requirements under

Injections h1i.

Assay—

pH 2.5Monobasic sodium phosphate solution—Prepare an

aqueous solution containing 2.4 mg of monobasic sodium

phosphate per mL of solution. Adjust with phosphoric acid to

a pH of 2.5.

Mobile phase—Prepare a filtered and degassed mixture of

pH 2.5Monobasic sodium phosphate solution and acetonitrile

(73 : 27). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Cloprostenol Sodium RS in dehydrated

alcohol, and dilute quantitatively, and stepwise if necessary,

with dehydrated alcohol to obtain a solution having a known

concentration of about 0.1 mg per mL.

Assay preparation—Dilute a volume of Injection in

dehydrated alcohol and dilute quantitatively, and stepwise if

necessary, with dehydrated alcohol to obtain a solution

containing 0.1 mg of cloprostenol per mL of solution, based

on the label claim.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detector

and a 5-mm 6 25-cm column that contains packing L1. The

flow rate is about 1.8 mL per minute. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor is not more than 1.5;

and the relative standard deviation for replicate injections is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the cloprostenol peak. Calculate the

percentage label claim of cloprostenol (C22H29ClO6) in the

portion of Injection taken by the formula:
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100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Cloprostenol Sodium RS in the Standard preparation; CU is

the concentration, in mg per mL, of cloprostenol in the Assay

preparation, and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&2S (USP32)

BRIEFING

Cloprostenol Sodium. Because there is no existing USP
monograph for this drug substance, a new monograph is being
proposed. The tests for Chromatographic purity and Assay are
HPLC methods based upon analyses performed with a Whatman
Partisil 4.6-mm 6 25-cm, 5-mm particle size, brand of L3 column.
Interested parties are invited to submit comments.

(VET: T. Sigambris) RTS—C53129

Add the following:

&Cloprostenol Sodium

C22H28ClNaO6 446.90

5-Heptenoic acid, 7-[2-[4-(3-chlorophenoxy)-3-hydroxy-1-

b u t e n y l ] - 3 , 5 - d i h y d r o x y c y c l o p e n t y l ] - ,

[1a(Z),2b(1E,3R*),3a,5a]-, sodium salt, (+)-.

(+)-Sodium (Z)-7-[(1R*,2R*,3R*,5S*)-2-[(E)-(3R*)-4-(m-

chlorophenoxy)-3-hydroxy-1-butenyl]-3,5-dihydroxycy-

clopentyl]-5-heptenoate [55028-72-3].

» Cloprostenol Sodium contains not less than 97.5

percent and not more than 102.5 percent of

C22H28ClNaO6, calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed, tight,

light-resistant containers.

Labeling—Label it to indicate that it is for veterinary use

only.

USP Reference standards h11i—USP Cloprostenol Sodium

RS.

Identification—

A: Infrared Absorption h197Ki.

B: It meets the requirements of the test for Sodium h191i.

Water, Method I h921i—Use 50 mg dissolved in 1 mL of

dehydrated alcohol: not more than 3.0%.

Chromatographic purity—

Mobile phase—Prepare a filtered and degassed mixture of

the chromatographic solvent hexane, dehydrated alcohol, and

glacial acetic acid (930 : 70 : 1). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Test solution—Dissolve an accurately weighed quantity of

Cloprostenol Sodium in dehydrated alcohol, and dilute

quantitatively, and stepwise if necessary, with dehydrated

alcohol to obtain a solution having a known concentration of

about 20 mg per mL.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay.

Procedure—Inject a volume (about 5 mL) of the Test

solution into the chromatograph. Record the chromatogram

for a total time of not less than twice the retention time of the

peak due to cloprostenol, and measure all of the peak

responses. Calculate the percentage of each impurity in the

portion of Cloprostenol Sodium taken by the formula:

100(ri / rs)
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in which ri is the peak response for each impurity, and rs is the

sum of the responses of all of the peaks: not more than 0.1%

of any individual impurity is found; and not more than 2.5%

of total impurities is found.

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

the chromatographic solvent hexane, dehydrated alcohol, and

glacial acetic acid (900 : 100 : 1). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Cloprostenol Sodium RS in dehydrated

alcohol, and dilute quantitatively, and stepwise if necessary,

with dehydrated alcohol to obtain a solution having a known

concentration of about 0.8 mg per mL.

Assay preparation—Using a suitable quantity of Clopros-

tenol Sodium, accurately weighed, proceed as directed in the

Standard preparation.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L3. The flow rate is about 1.8 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor is not more than 1.5

for the cloprostenol peak; and the relative standard deviation

for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 5 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

C22H28ClNaO6 in the portion of Cloprostenol Sodium taken

by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Cloprostenol RS in the Standard preparation; CU is the

concentration, in mg per mL, of Cloprostenol Sodium in the

Assay preparation; and rU and rS are the cloprostenol peak

responses obtained from the Assay preparation and the

Standard preparation, respectively.&2S (USP32)

BRIEFING

Dextroamphetamine Sulfate, USP 31 page 1923. The following
revisions are proposed:
(1) To replace Identification test A by melting point of the benzoyl

derivative with an IR spectral method, and to add an
identification test by a retention time comparison;

(2) To replace the existing titration Assay with a stability-indicating
HPLC assay;

(3) To delete the Organic volatile impurities test because how to
calculate the specified limits is captured in the General Notices.

(4) To replace the existing Chromatographic purity test with a
Related compounds test; and

(5) To introduce two new qualitative Reference Standards for
identification purposes.

Both the Assay and the Related compounds tests use the same
HPLC method, which has been validated with an Inertsil ODS-
3 brand column. The typical retention time under the chromato-
graphic conditions for dextroaphetamine is about 6 minutes; the
typical retention times for the known impurities, dextroamphetamine
related compound A and dextroamphetamine related compound B,
are about 12 and 13.1 minutes, respectively.

(MDPP: R. Ravichandran) RTS—C42240

Change to read:

» Dextroamphetamine Sulfate, the dextrorotatory isomer
of amphetamine sulfate, contains not less than 98.0
percent and not more than 101.0

&102.0,&2S (USP32)

percent of (C9H13N)2 �H2SO4, calculated on the dried
basis.

Change to read:

USP Reference standards h11i—USP Dextroamphetamine Sulfate
RS.

&USP Dextroamphetamine Related Compound A RS. USP

Dextroamphetamine Related Compound B RS.&2S (USP32)

Change to read:

Identification—
A: Dissolve about 100 mg in 5 mL of water, add 5 mL of 1N

sodium hydroxide, cool to 108 to 158, add 1 mL of a mixture of
1 volume of benzoyl chloride and 2 volumes of anhydrous ethyl
ether, insert the stopper, and shake for 3 minutes. Filter the
precipitate, wash it with about 10 mL of cold water, and recrystallize
it from diluted alcohol: the crystals of the benzoyl derivative of
dextroamphetamine so obtained, after being dried at 1058 for
3 hours, melt between 1558 and 1608.
B: A solution (1 in 10) responds to the tests for Sulfate h191i.
&A: Infrared Absorption h197Mi.
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B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&2S (USP32)

Delete the following:

&Chromatographic purity—
Diluent—Dilute 3.12 mL of phosphoric acid with water to 1000

mL.
Buffer solution—Dissolve 2.16 g of sodium 1-octanesulfonate in

1000 mL of water, and add 1.0 mL of triethylamine. Mix, and adjust
with phosphoric acid to a pH of 2.5.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution, acetonitrile, and methanol (144 : 37 : 19). Make adjustments
if necessary (see System Suitability under Chromatography h621i).
Standard stock solution—Dissolve an accurately weighed quantity

of USP Dextroamphetamine Sulfate RS in Diluent to obtain a
solution having a known concentration of about 0.3 mg per mL.
Standard solution—Dilute an accurately measured volume of

Standard stock solution in Diluent to obtain a solution having a
known concentration of about 0.003 mg per mL.
Test solution—Transfer about 30 mg of Dextroamphetamine

Sulfate, accurately weighed, to a 100-mL volumetric flask. Dissolve
in 50 mL of Diluent, sonicate for 5 minutes, dilute with Diluent to
volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 215-nm detector and a
4.6-mm 6 15-cm column that contains 5-mm packing L1. The flow
rate is about 1 mL per minute. Chromatograph the Standard stock
solution, and record the peak responses as directed for Procedure:
the tailing factor is not more than 2.0; and the relative standard
deviation for replicate injections is not more than 2.0%. Chromat-
ograph the Test solution, and record the peak responses as directed
for Procedure: the resolution, R, between dextroamphetamine and
any adjacent peak is not less than 1.5.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of each impurity in the portion of
Dextroamphetamine Sulfate taken by the formula:

10,000(C/W)(ri / rS)

in which C is the concentration, in mg per mL, of USP
Dextroamphetamine Sulfate RS in the Standard solution; W is the
weight, in mg, of Dextroamphetamine Sulfate taken to prepare the
Test solution; ri is the peak response for each impurity obtained from
the Test solution; and rS is the peak response for amphetamine
obtained from the Standard solution: not more than 0.1% of any
individual impurity is found; and not more than 0.5% of total
impurities is found.&2S (USP32)

Add the following:

&Related compounds—

Solution A, Solution B, Mobile phase, Resolution solution,

and Chromatographic system—Prepare as directed for the

Assay.

Standard solution—Use the Standard preparation.

Test solution—Use the Assay preparation.

Procedure—Inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromato-

graph, and record the chromatograms. Identify the impurities

based on the relative times given in Table 1, and measure the

peak responses. Calculate the percentage of each dextroam-

phetamine related compound in the portion of Dextroam-

phetamine Sulfate taken by the formula:

100(CS /CU)(rU /rS)(1/F)

in which CS and CU are the concentrations, in mg per mL, of

dextroamphetamine sulfate in the Standard solution and the

Test solution, respectively; rU is the peak area of each impurity

obtained from the Test solution; rS is the peak area of

dextroamphetamine obtained from the Standard solution; and

F is the relative response factor for each of the impurity

relative to dextroamphetamine.

Table 1

Related

Compound

Relative

Retention

Time

(RRT)

Relative

Response

Factor

(F)

Limit

(w/w%)

Cathinone 0.81 55.6 NMT 0.25

Dextroamphetamine 1.0 1.0 —

Benzaldehyde 1.73 105.3 NMT 0.25

Dextroamphetamine

related compound A

1.88 1.5 NMT 0.25

Dextroamphetamine

related compound B

2.05 1.8 NMT 0.25

Individual unspeci-

fied impurity

— 1.0 NMT 0.1

Total — — NMT 1.0

&2S (USP32)

Delete the following:

&Organic volatile impurities, Method I h467i: meets the
requirements.

(Official until July 1, 2008)&2S (USP32)
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Change to read:

Assay—Dissolve about 500 mg of Dextroamphetamine Sulfate,
accurately weighed, in 50 mL of glacial acetic acid, and titrate with
0.1N perchloric acid VS, determining the endpoint potentiometri-
cally. Perform a blank determination, and make any necessary
correction. Each mL of 0.1N perchloric acid is equivalent to 36.85
mg of (C9H13N)2 �H2SO4.

&Solution A—Add 5.0 mL of trifluoroacteic acid to 900 mL

of water; adjust with ammonium hydroxide to a pH of

2.2+0.1; then add 100 mL of acetonitrile. Mix well, and

degas.

Solution B—Use degassed acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Dextroamphetamine Sulfate RS in a suitable

volumetric flask, and dilute quantitatively with Solution A to

obtain a solution having a known concentration of about 2.0

mg per mL.

Resolution solution—Transfer about 40 mL of the Standard

preparation to a 50-mL volumetric flask. Using a microliter

syringe, add 1 mL each of USP Dextroamphetamine Related

Compound A RS and USP Dextroamphetamine Related

Compound B RS. Dilute with Standard preparation to

volume.

Assay preparation—Dissolve an accurately weighed quan-

tity of Dextroamphetamine Sulfate in a suitable volumetric

flask, and dilute quantitatively with Solution A to obtain a

solution having a known concentration of about 2.0 mg per

mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 257-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.5 mL per minute. The column is

maintained at 408. The chromatograph is programmed as

follows, and data is collected for 30 minutes.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–15 100?65 0?35 linear gradient

15–20 65?0 35?100 linear gradient

20–22 0 100 isocratic

22–23 0?100 100?0 linear gradient

23–30 100 0 re-equilibration

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure. Identify the peaks using

the relative retention times given in Table 1: the resolution, R,

between dextroamphetamine related compound A and

dextroamphetamine related compound B is not less than

3.0; the tailing factor of dextroamphetamine sulfate is not

more than 3.0; and the relative standard deviation for replicate

injections of the Standard preparation is not more than 2.0%.

[NOTE—For identification purposes, the approximate relative

retention times are given in Table 1.]

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the dextroamphetamine peak. Calculate the

quantity, in percent of (C9H13N)2 �H2SO4, in the portion of

Dextroamphetamine Sulfate taken by the formula:

100(CS /CU)(rU /rS)

in which CS and CU are the concentrations of dextroamphet-

amine sulfate, in mg per mL, of the Standard preparation and

the Assay preparation, respectively; and rU and rS are the peak

responses for dextroamphetamine sulfate in the Assay

preparation and the Standard preparation, respec-

tively.&2S (USP32)
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BRIEFING

Enrofloxacin. Because there is no existing USP monograph for
this drug substance, a new monograph is being proposed. The test
for Limit of N-ethylpiperazine is a GC method based on analysis
using the Varian, CP-Sil 5 CB, brand of 0.32-mm 6 50-m, 5-mm
film, G1 capillary column. The Related compounds, Test 2 is an
HPLC method based on analysis performed with a Macherey-Nagel,
Nucleosil-120 ODS, brand of 4.6-mm 6 25-cm, 5-mm particle size,
L1 column. Interested parties are invited to submit comments.

(VET: T. Sigambris) RTS—C46245

Add the following:

&Enrofloxacin

C19H22FN3O3 359.39

3-Quinolinecarboxylic acid, 1-cyclopropyl-7-(4-ethyl-1-

piperazinyl)-6-fluoro-1,4-dihydro-4-oxo-;

1-Cyclopropyl-7-(4-ethyl-1-piperazinyl)-6-fluoro-1,4-dihy-

dro-4-oxo-3-quinolinecarboxylic acid [93106-60-6].

» Enrofloxacin contains not less than 98.5 percent

and not more than 101.5 percent of C19H22FN3O3,

calculated on the dried basis.

Packaging and storage—Preserve in well-closed, tight,

light-resistant containers.

Labeling—Label it to indicate that it is for veterinary use

only.

USP Reference standards h11i—USP Enrofloxacin RS. USP

Fluoroquinolonic Acid RS. USP N-Ethylpiperazine RS. USP

Enrofloxacin Related Compound Mixture RS.

Clarity of solution—

Hydrazine sulfate solution—Transfer 1.0 g of hydrazine

sulfate to a 100-mL volumetric flask, dissolve in and dilute

with water to volume, and mix. Allow to stand for 4 to

6 hours.

Hexamethylenetetramine solution—Transfer 2.5 g of hexa-

methylenetetramine to a 100-mL volumetric flask, add 25.0

mL of water, insert a glass stopper, and mix to dissolve.

Primary opalescent suspension—[NOTE—This suspension

is stable for 2 months, provided it is stored in a glass

container free from surface defects. The suspension must not

adhere to the glass and must be well-mixed before use.]

Transfer 25.0 mL of the Hydrazine sulfate solution to the

Hexamethylenetetramine solution in the 100-mL glass-

stoppered flask. Mix, and allow to stand for 24 hours.

Opalescence standard—[NOTE—This suspension should not

be used beyond 24 hours after preparation.] Transfer 15.0 mL

of the Primary opalescent suspension to a 1000-mL

volumetric flask, dilute with water to volume, and mix.

Reference suspension—Transfer 10.0 mL of the Opales-

cence standard to a 100-mL volumetric flask, dilute with

water to volume, and mix.

Test solution—To 1.0 g of Enrofloxacin add about 0.25 g of

potassium hydroxide and 7 mL of water. Sonicate to dissolve,

and dilute with water to 10.0 mL.

Procedure—Transfer a sufficient portion of the Test

solution, the Reference suspension, and water to separate

test tubes of colorless, transparent, neutral glass with a flat

base and an internal diameter of 15 to 25 mm to obtain a

depth of 40 mm. Compare the Test solution, the Reference

suspension, and water in diffused daylight 5 minutes after

preparation of the Reference suspension, viewing vertically

against a black background (see Visual Comparison under

Spectrophotometry and Light-Scattering h851i). [NOTE—The

diffusion of light must be such that the Reference suspension

can be readily distinguished from water.] The Test solution

shows the same clarity as that of water or its opalescence is

not more pronounced than that of the Reference suspension.
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Color of solution—

Standard stock solution—Combine 9.6 mL of ferric

chloride CS, 0.2 mL of cobaltous chloride CS, and 0.2 mL

of cupric sulfate CS, and mix.

Standard solution—[NOTE—Prepare the Standard solution

immediately before use. Transfer 5.0 mL of the Standard

stock solution to a 100-mL volumetric flask, and dilute with

dilute hydrochloric acid (10 g per 1000 mL).]

Test solution—To 1.0 g of Enrofloxacin add about 0.25 g of

potassium hydroxide and 7 mL of water. Sonicate to dissolve,

and dilute with water to 10.0 mL.

Procedure—Transfer a sufficient portion of the Test

solution, the Standard solution, and water to separate test

tubes of colorless, transparent, neutral glass with a flat base

and an internal diameter of 15 mm to 25 mm to obtain a depth

of 40 mm. Compare the Test solution, the Standard solution,

and water in diffused daylight, viewing vertically against a

white background (see Visual Comparison under Spectro-

photometry and Light-Scattering h851i). [NOTE—The diffu-

sion of light must be such that the Reference suspension can

be readily distinguished from water.] The Test solution has the

appearance of water or is not more intensely colored than the

Standard solution.

Identification—

A: Infrared Absorption h197Ki.

B: Thin-Layer Chromatographic Identification Test

h201i—

Test solution: Prepare a solution containing 10 mg of

Enrofloxacin per mL of 0.05M hydrochloric acid.

Application volume: 5 mL.

Developing solvent solution: methylene chloride, metha-

nol, 25% ammonia solution, and acetonitrile (2 : 2 : 1 : 0.5).

Procedure—Proceed as directed in the chapter except apply

5-mL portions of the Test solution and the Standard solution

to the starting line of the chromatographic plate. Place the

plate in an atmosphere of ammonia for approximately 15

minutes. Develop the chromatogram in an unsaturated

chamber with the Developing solvent solution.

Loss on drying h731i—Dry a 2-g sample, accurately

weighed, 5 to 7 hours under vacuum at 1208 to constant

weight: it loses not more than 1.0% of its weight.

Residue on ignition h281i: not more than 0.1%, based on a

test specimen of about 2 g.

Chloride h221i—Add 58 mL of water to 0.5 g of

Enrofloxacin, shake for 5 minutes, and pass through a

chloride-free filter paper, add 2 mL of 2M acetic acid, and

mix. Transfer 15.0 mL of the filtrate to a 50-mL color-

comparison tube (Test solution). To a second matched 50-mL

color-comparison tube transfer 10.0 mL of a Standard

solution of sodium chloride having a concentration of 8.2

mg per mL, corresponding to 5 mg of chloride per mL, add 5.0

mL of water, and mix. To each tube add 1 mL of 2N nitric

acid, mix, add 1 mL of silver nitrate TS, and mix. Allow the

solutions to stand for 5 minutes, protected from light.

Examine the tubes vertically against a black background.

(see Visual Comparison under Spectrophotometry and Light-

Scattering h851i). Any opalescence in the Test solution is not

more intense than that in the Standard solution (0.04%).

Sulfate h221i—Dissolve 0.5 g of Enrofloxacin in 5.0 mL of

2N acetic acid and 15.0 mL of water (Test solution). To each

of two 50-mL matched color-comparison tubes transfer 1.50

mL of a Standard solution of potassium sulfate in 30%

alcohol having a concentration of 18.1 mg per mL, equivalent

to 10 mg of sulfate per mL. To each tube add, successively

and with continuous shaking, 1.0 mL of barium chloride

solution (1 in 4), and allow to stand for 1 minute. To one of

the tubes transfer 15.0 mL of the Standard solution and 0.5

mL of 30% acetic acid, and mix. To the second tube add 15.0

mL of the Test solution and 0.5 mL of 30% acetic acid, and

mix. Allow solutions to stand for 5 minutes. Examine the

tubes vertically against a black background. (see Visual

Comparison under Spectrophotometry and Light-Scattering

h851i. Any opalescence in the Test solution is not more

intense than that in the Standard solution (0.04%).
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Heavy metals Method II h231i: 0.002%.

Limit of N-ethylpiperazine—

Internal standard solution—Dissolve an accurately

weighed quantity of n-decane in chloroform, and dilute

quantitatively, and stepwise if necessary, with chloroform to

obtain a solution having a known concentration of about 0.1

mg per mL.

Standard stock solution—Dissolve an accurately weighed

quantity of USP N-Ethylpiperazine RS in chloroform, and

dilute quantitatively, and stepwise if necessary, with chloro-

form to obtain a solution having a known concentration of

about 9.0 mg per mL.

Standard solution—To 2.0 mL of the Internal standard

solution add 20 mL of the Standard stock solution, and mix.

Test solution—To 200 mg of Enrofloxacin, accurately

weighed, add 2.0 mL of the Internal standard solution, and

mix.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector, split injector system and contains a 0.32-mm 6 50-

m column with 100% liquid phase G1 with a film thickness of

about 5.0 mm. The carrier gas is hydrogen (helium may be

used), flowing at a rate of about 2.9 mL per minute. The

auxiliary gas is nitrogen flowing at a rate of about 30 mL per

minute. The chromatograph is programmed as follows.

Initially the temperature of the column is equilibrated at

808, then the temperature is increased at a rate of 108 per

minute to 2408, and maintained at 2408 for 15 minutes. The

split injector (25 : 1 split ratio) temperature is maintained at

2008, and the detector is maintained at 2508. Chromatograph

the Standard solution, and record the peak responses as

directed for Procedure: the relative retention times are about

0.90 for N-ethylpiperazine and 1.0 for n-decane.

Procedure—Inject a volume (about 1.0 mL) of the Standard

solution and the Test solution into the chromatograph, record

the chromatogram, and measure the responses for the major

peaks. Calculate the percentage of the impurity in the portion

of Enrofloxacin taken by the formula:

100(CS /CU)(RU /RS)

in which CS is the concentration of the impurity, in mg per

mL, in the Standard solution; CU is the concentration, in mg

per mL, of Enrofloxacin in the Test solution; RU is the peak

response ratio of the impurity peak to the internal standard

peak obtained from the Test solution; and RS is the peak

response ratio of the impurity peak to the internal standard

peak obtained from the Standard solution. Not more than

0.1% of the impurity is found.

Related compounds—

TEST 1 (FOR FLUOROQUINOLONIC ACID)—

Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture.

Test solution—Prepare as directed for the Test solution in

Identification test B.

Diluent—Transfer 0.1 mL of 6M ammonium to a 100-mL

volumetric flask, mix, and dilute with water to volume.

Standard stock solution—Dissolve and mix an accurately

weigh quantity of USP Fluroquinolonic Acid RS with Diluent

to prepare a solution containing about 0.10 mg per mL, and

mix.

Standard solution 1 (0.1%)—Transfer 1.0 mL of the

Standard stock solution to a 10-mL volumetric flask, dilute

with water to volume, and mix.

Standard solution 2 (0.2%)—Transfer 2.0 mL of the

Standard stock solution to a 10-mL volumetric flask, dilute

with water to volume, and mix.

Application volume: 5 mL.

Developing solvent system—Shake butyl acetate, glacial

acetic acid, water, and n-butanol (50 : 25 : 15 : 9), and allow to

settle. Use the upper layer as the mobile phase and discard the

lower layer.

Procedure—Proceed as directed for Thin-Layer Chroma-

tography under Chromatography h621i. Apply separately the

Test solution, Standard solution 1, and Standard solution 2 to

the thin-layer plate, and chromatograph using the Developing
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solvent system. Dry the developed chromatogram in the air

under a fume hood for 30 to 60 minutes, then view under

short-wavelength UV light. Determine the quantity of

fluoroquinolonic acid by comparing the size and intensity

of the spots from the Test solution to the Standard solutions.

The intensity of any spot from the Test preparation at about

the same retardation factor, RF, as that of the Standard

solutions and is not greater than the intensity of the Standard

solution 2 (0.2%) spot.

TEST 2 (FOR CIPROFLOXACIN, DES-FLUORO COMPOUND AND

OTHER UNSPECIFIED IMPURITIES)—

Phosphoric acid buffer—Prepare 25 mM phosphoric acid,

and adjust with triethylamine to a pH of 3.0.

Mobile phase—Prepare a solution containing the Phospho-

ric acid buffer and acetonitrile (87 : 13).

Control solution—Dissolve about 5 mg of USP Enroflox-

acin Related Compound Mixture RS, accurately weighed, in

Mobile phase in a 5-mL volumetric flask, dilute with Mobile

phase to volume, and mix.

Test solution 1—Dissolve about 50 mg of Enrofloxacin,

accurately weighed, in Mobile phase in a 50-mL volumetric

flask, dilute with Mobile phase to volume, and mix.

Test solution 2—Transfer 1.0 mL of Test solution 1 into a

50-mL volumetric flask, and dilute with Mobile phase to

volume, and mix. Transfer 1.0 mL of this solution into a 10-

mL volumetric flask, dilute with Mobile phase to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 278-nm detector

and a 4.6-mm 6 25-cm stainless steel column that contains

5-mm packing L1. The column temperature is maintained at

408, and the flow rate is about 1.5 mL per minute.

Chromatograph the Control solution, and record the peak

responses as directed for Procedure: the relative retention

times are about 0.58 for the des-fluoro compound, 0.74 for

ciprofloxacin and 1.0 for enrofloxacin. The resolution, R,

between the des-fluoro compound and ciprofloxacin is not

less than 1.5.

Procedure—Inject a volume (about 25 mL) of Test solution

1, Test solution 2, and the Control solution into the

chromatograph, record the chromatogram, and measure the

peak responses. Identify the ciprofloxacin and the des-fluoro

compound peaks in Test solution 2 by comparing their

retention times with those from the Control solution.

Calculate the percentage of each related compound in the

portion of Enrofloxacin taken by the formula:

100C(rI / rS)

in which C is the concentration of Enrofloxacin in Test

solution 2 as a percentage of Test solution 1 (0.2%); rI is the

individual peak response of each related compound obtained

from Test solution 1; and rS is the individual peak area of

enrofloxacin obtained from Test solution 2: not more than

0.1% of des-fluoro compound, not more than 0.3% of

ciprofloxacin, not more than 0.1% of any unspecified

impurity, and not more than 0.5% of total impurities are

found.

Assay—Transfer about 250 mg of Enrofloxacin, accurately

weighed, to a 125-mL flask, dissolve in 100 mL of anhydrous

acetic acid, and titrate with 0.1M perchloric acid VS,

determining the endpoint potentiometrically. Perform a

blank determination, and make any necessary correction.

Each mL of 0.1M perchloric acid is equivalent to 35.94 mg

of C19H22FN3O3.&2S (USP32)
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BRIEFING

Estradiol and Norethindrone Acetate Tablets, USP 31 page
2102, and page 220 of PF 33(2) [Mar.–Apr. 2007]. On the basis of
comments received that the impurity limits provided in the
Chromatographic purity tests are tight and reflect release rather
than shelf life limits, it is proposed to replace the current limits with
the limits approved by the FDA for the sponsor. In addition, a test for
Uniformity of dosage units has been added, and the requirement for a
photo-diode array detector for the Assay has been removed. Subject
to consideration of comments received during the comment period, it
is proposed to implement this revision via an Interim Revision
Announcement in Pharmacopeial Forum 34(6) [Nov.–Dec. 2008],
with an official date of December 1, 2008.

(MD-PS: D. Bempong) RTS—C63383

Add the following:

&Dissolution—

Apparatus 2: 50 rpm.

Time: 30 minutes.

Determine the percentage of the labeled amounts of

C18H24O2 and C22H28O3 dissolved by employing the following

method.

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (55 : 45). Make adjustments if neces-

sary (see System Suitability under Chromatography h621i).

Standard solution—Prepare a solution of USP Estradiol RS

in alcohol having an accurately known concentration of about

0.02 mg per mL. Prepare a solution of USP Norethindrone

Acetate RS in alcohol having an accurately known concen-

tration of about 0.01 mg per mL. Dilute both solutions

quantitatively, and stepwise if necessary, with Medium to

obtain a solution having a known concentration of both drugs

similar to the one expected in the Test solution, assuming

complete dissolution.

Test solution—Use portions of the solution under test

passed through a suitable 0.45-mm filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 241/280 dual-

band or wavelength-switchable UV detector and a 4.6-mm

6 15-cm column that contains packing L1. The flow rate is

about 1.0 mL per minute. Make an investigative run to

determine the retention times for estradiol and norethindrone

acetate so that the absorption of estradiol at 280 nm and

norethindrone acetate at 241 nm can be included in a single

run with a switch of the wavelength. Chromatograph replicate

injections of the Standard solution, and record the peak area

responses as directed for Procedure: the tailing factor is not

more than 2.0, and the relative standard deviation for replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 150

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

area responses for the major peaks. Calculate the percentage

of C18H24O2 and of C22H28O3 in the portion of Tablets taken by

the formula:

in which rU and rS are the peak responses for the Test solution

and the Standard solution, respectively; CS is the concentra-

tion, in mg per mL, of estradiol and norethindrone acetate in

the Standard solution; 500 is the volume, in mL, of Medium;

100 is the conversion factor to percentage; and LC is the

Tablet label claim, in mg, for estradiol and norethindrone

acetate.

Tolerances—Not less than 75% (Q) of the labeled amounts

of C18H24O2 and C22H28O3 are dissolved in 30 min-

utes.&2S (USP31)

Add the following:

.Uniformity of dosage units h905i: meet the require-

ments..6

Change to read:

Chromatographic purity—
Solution A—Prepare a mixture of water and tetrahydrofuran

(200 : 1).
Solution B—Prepare a degassed solution of acetonitrile, water, and

tetrahydrofuran (160 : 40 : 1).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments, if
necessary (see System Suitability under Chromatography h621i).
Diluent—Prepare a mixture of water and dehydrated alcohol

(1 : 1).
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System suitability solution—Dissolve accurately weighed quan-
tities of USP Estradiol RS, USP Norethindrone Acetate RS, and USP
Estrone RS in Diluent to obtain a solution having known
concentrations of about 240 mg per mL, 60 mg per mL, and 1 mg
per mL, respectively.
Estradiol standard stock solution—Dissolve an accurately

weighed quantity of USP Estradiol RS in alcohol to obtain a
solution having a known concentration of about 250 mg of estradiol
per mL.
Norethindrone acetate standard stock solution—Dissolve an

accurately weighed quantity of USP Norethindrone Acetate RS in
alcohol to obtain a solution having a known concentration of about
150 mg of norethindrone acetate per mL.
Standard solution—Combine 250 mL of Estradiol standard stock

solution and 100 mL of Norethindrone acetate standard stock
solution, and dilute with 50.0 mL of Diluent.
Test solution—Accurately weigh and finely powder 20 Tablets.

Transfer the equivalent of 12 Tablets to an appropriate flask, and
dissolve in a known volume of Diluent to obtain a solution having
known concentrations of about 240 mg of estradiol per mL and 120
mg of norethindrone acetate per mL. Filter the solution, if necessary.
Chromatographic system—The liquid chromatograph is equipped

with a dual wavelength detector (235 nm and 254 nm) and a 3.9-mm
6 30-cm column that contains 4-mm packing L1. The flow rate is
about 0.8 mL per minute. The chromatograph is programmed as
follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 80 20 equilibration
0–2 80?65 20?35 linear gradient
2–35 65?20 35?80 linear gradient
35–49 20 80 isocratic
49–50 20?80 80?20 linear gradient
50–60 80 20 isocratic

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the relative retention times are
about 1.4 for estrone, about 3.0 for norethindrone acetate, and 1.0 for
estradiol; and the resolution, R, between estrone and estradiol is not
less than 1.3, measured at 254 nm.
Procedure—Separately inject equal volumes (about 100 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of any estradiol impurity in the portion of
Tablets taken by the formula:

100F(CS /CT)(ri / rS)

in which F is the relative response factor of any estradiol impurity
relative to estradiol; CS and CT are the concentrations of the Standard
solution and the Test solution, respectively; ri is the peak area at 235
nm for each impurity obtained from the Test solution; and rS is the
peak area at 235 nm obtained from the Standard solution. The
Tablets meet the requirements given in Table 1.

Table 1

Compound

Relative
Retention
Time

Relative
Response
Factor Limit (%)

6-a Hydroxyl estradiol about 0.47 1.0 0.5
6-b Hydroxyl estradiol about 0.51 1.0 0.5
6-Keto estradiol about 0.62 1.0 0.5
16-Keto estradiol about 0.65 1.0 0.5
6-Keto estrone about 0.75 1.0 0.5
b-Equilenol about 0.88 0.04 0.5
6-Dehydro estradiol about 0.95 1.0 0.5
Estradiol 1.0 — —
a-Estradiol about 1.06 1.0 0.5
Estrone about 1.17 1.0 0.5
4-Methyl estradiol about 1.24 1.0 0.5

.
.6

Calculate the percentage of any norethindrone acetate related
impurities in the portion of Tablets taken by the formula:

100F(CS /CT) (ri / rS)

in which F is the relative response factor of any norethindrone
acetate related impurity relative to norethindrone acetate; CS and CT

are the concentrations of the Standard solution and the Test solution,
respectively; ri is the peak area at 254 nm for each impurity obtained
from the Test solution; and rS is the peak area at 254 nm obtained
from the Standard solution. The Tablets meet the requirements given
in Table 2.

Table 2

Compound

Relative
Retention
Time

Relative
Response
Factor

Limit
(%)

6-b Hydroxy-norethin-
drone acetate

about 0.58 1.0 0.5

Norethindrone about 0.66 1.0 0.5
6-Keto-norethindrone acetate about 0.79 1.8 0.5
19-Nor-17-alpha-preg-4-
ene-3,20-dione

about 0.90 1.0 0.5

6-Dehydro-norethindrone
acetate

about 0.97 2.2 0.5

Norethindrone acetate 1.0 — —

Not more than 0.5% of any individual unknown impurity is found
and not more than 1.0% of total impurities (from Table 1 and Table
2) is found. [NOTE—For the calculation of the percentage of any
individual unknown impurity, rS is equal to the peak response of the
smaller of the two major peaks in the Standard solution, and CS is the
corresponding concentration in the Standard solution.]

.The Tablets meet the requirements given in either Table 1 or

Table 2.

Table 1. Tablets Labeled as Containing 1 mg Estradiol and 0.5
mg Norethindrone Acetate

Compound

Relative

Retention

Time

Rela-

tive

Re-

sponse

Factor Limit (%)

ESTRADIOL RELATED

IMPURITIES

6-a Hydroxy-estradiol about 0.47 1.0 1.0

6-b Hydroxy-estradiol about 0.51 1.0 1.0

6-Keto estradiol about 0.62 1.0 1.0

6-Dehydro estradiol about 0.95 1.0 1.0

Estradiol 1.0 — —

Any other single estra-

diol related impurity

— 1.0 0.5

Total estradiol related

impurities

— — 2.0
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Table 1. Tablets Labeled as Containing 1 mg Estradiol and 0.5 mg
Norethindrone Acetate (Continued)

Compound

Relative

Retention

Time

Rela-

tive

Re-

sponse

Factor Limit (%)

NORETHINDRONE ACE-

TATE RELATED IMPU-

RITIES

6-b Hydroxy-norethin-

drone acetate

about 0.58 1.0 1.0

Norethindrone about 0.66 1.0 1.0

6-Keto-norethindrone

acetate

about 0.79 1.8 1.0

6-Dehydro-norethin-

drone acetate

about 0.97 2.2 1.0

Norethindrone acetate 1.0 — —

Any other single noreth-

i n d r o n e a c e t a t e

related impurity

— 1.0 0.5

Total norethindrone ace-

tate related impurities

— — 2.0

Table 2. Tablets Labeled as Containing 0.5 mg Estradiol and 0.1
mg Norethindrone Acetate

Compound

Relative

Retention

Time

Rela-

tive

Re-

sponse

Factor Limit (%)

ESTRADIOL RELATED

IMPURITIES

6-b Hydroxy-estradiol about 0.51 1.0 1.0

Estradiol 1.0 — —

Any other single estra-

diol related impurity

— 1.0 1.0

Total estradiol related

impurities

— — 2.5

NORETHINDRONE ACE-

TATE RELATED IMPU-

RITIES

6-b Hydroxy-norethin-

drone acetate

about 0.58 1.0 1.5

Norethindrone about 0.66 1.0 1.0

6-Keto-norethindrone

acetate

about 0.79 1.8 2.5

6-Dehydro-norethin-

drone acetate

about 0.97 2.2 1.0

Norethindrone acetate 1.0 — —

Any other single noreth-

i n d r o n e a c e t a t e

related impurity

— 1.0 1.0

Total norethindrone ace-

tate related impurities

— — 4.0

.6

Change to read:

Assay—
Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (55 : 45) (see Chromatography h621i).
Diluent—Prepare a mixture of water and dehydrated alcohol

(1 : 1).
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Estrone standard stock solution—Transfer about 6.00 mg of USP
Estrone RS, accurately weighed, to a 50-mL volumetric flask, and
dissolve in 10 mL of dehydrated alcohol. Dilute with dehydrated
alcohol to volume, and mix.
Estradiol standard stock solution—Prepare a solution of USP

Estradiol RS in dehydrated alcohol having a known concentration of
0.25 mg per mL.
Norethindrone acetate standard stock solution—Prepare a solution

of USP Norethindrone Acetate RS in dehydrated alcohol having a
known concentration of 0.15 mg per mL.
Resolution solution—Transfer 800 mL of Estradiol standard stock

solution, 600 mL of Norethindrone acetate standard stock solution,
and 200 mL of Estrone standard stock solution to a suitable flask
containing 10.0 mL of Diluent.
Standard preparation—Prepare a solution of Estradiol standard

stock solution and Norethindrone acetate standard stock solution in
Diluent having an accurately known concentration of about 20 mg
per mL and 10 mg per mL, respectively.
Assay preparation—Add 12 Tablets into a measured amount of

Diluent to obtain a solution having an estradiol concentration of
about 20 mg per mL and a norethindrone acetate concentration of
about 10 mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a diode array

.dual wavelength (254 nm/280 nm) or equivalent UV.6
detector and a 4.6-mm 6 15-cm column that contains packing L1.
The flow rate is about 1.0 mL per minute. Perform an investigational
run to determine the retention times for estradiol and norethindrone
acetate. Thus, the absorption of estradiol at 280 nm and
norethindrone acetate at 254 nm can be included in a single run
by altering the wavelength. Chromatograph the Resolution solution,
and record the peak areas as directed for Procedure: the resolution,
R, between estradiol and estrone acetate is not less than 1.8.
Chromatograph the Standard preparation, and record the peak area
as directed for Procedure: the relative standard deviation for
replicate injections is not more than 3%.
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the areas for the
estradiol and norethindrone acetate peaks. Calculate the quantity, in
mg, of estradiol (C18H24O2) in each of the Tablets taken by the
formula:

(VC/12)(rU / rS)

in which V is the volume, in mL, of Diluent taken to prepare the
Assay preparation; C is the concentration, in mg per mL, of USP
Estradiol RS in the Standard preparation; and rU and rS are the peak
areas obtained from the Assay preparation and the Standard
preparation, respectively. Calculate the quantity, in mg, of
norethindrone acetate (C22H28O3) in each of the Tablets taken by
the formula:

(VC/12)(rU / rS)

in which V is the volume, in mL, of Diluent used in the Assay
preparation; C is the concentration, in mg per mL, of USP
Norethindrone Acetate RS in the Standard preparation; and rU and rS
are the peak areas obtained from the Assay preparation and the
Standard preparation, respectively.

BRIEFING

Fexofenadine Hydrochloride Tablets, USP 31 page 2163 and
the Interim Revision Announcement on page 1147 of PF 33(6)
[Nov.–Dec. 2007]. It is proposed to correct the explanation of terms
in the formula to calculate the amount of fexofenadine dissolved in
Dissolution, Test 2.

(BPC: M. Marques) RTS—C64203

Change to read:

Dissolution h711i—
.TEST 1—.6
Medium: 0.001N hydrochloric acid; 900 mL, deaerated.
Apparatus 2: 50 rpm.
Times: 10 and 30 minutes.
Determine the percentages of the labeled amount of fexofenadine

hydrochloride (C32H39NO4 �HCl) dissolved by using the following
method.
Buffer solution—Dissolve 1.0 g of monobasic sodium phosphate,

0.5 g of sodium perchlorate, and 0.3 mL of concentrated phosphoric
acid in 300 mL of water, and mix.
Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and Buffer solution (7 : 3). Make adjustments if necessary
(see System Suitability under Chromatography h621i).
Standard solution—[NOTE—A small amount of methanol, not

exceeding 0.5% of the total volume, can be used to dissolve
fexofenadine hydrochloride.] Dissolve an accurately weighed
quantity of USP Fexofenadine Hydrochloride RS in Medium to
obtain a solution having a known concentration similar to that
expected for the solution under test.
Resolution solution—[NOTE—A small amount of acetic acid, not

exceeding 5% of the total volume, can be used to dissolve
fexofenadine hydrochloride related compound A.] Dissolve an
accurately weighed quantity of USP Fexofenadine Related Com-
pound A RS in water to obtain a solution having a known
concentration of about 0.44 mg per mL. Transfer 1.0 mL of this
solution into a vial, add 40 mL of the Standard solution, and mix.
Test solution—Use portions of the solution under test passed

through a 0.45-mm glass fiber filter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 220-nm detector and a
4.6-mm 6 10-cm column containing packing L1. The flow rate is
about 1.0 mL per minute. Chromatograph the Resolution solution as
directed for Procedure: the resolution, R, between fexofenadine and
fexofenadine related compound A is not less than 2.0. Chromato-
graph the Standard solution as directed for Procedure: the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (approximately 2 to

3 mg column load of fexofenadine hydrochloride) of the Standard
solution and the Test solution into the chromatograph, record the
chromatograms, and measure the responses for the fexofenadine
peaks. Calculate the quantity, in mg, of fexofenadine hydrochloride
(C32H39NO4 �HCl) dissolved in the Medium by the formula:

CD(rU / rS)

in which C is the concentration, in mg per mL, of USP Fexofenadine
Hydrochloride RS in the Standard solution; D is the dilution factor
used in preparing the Test solution; and rU and rS are the
fexofenadine peak areas obtained from the Test solution and the
Standard solution, respectively.
Tolerances—Not less than 60% (Q) of the labeled amount of

C32H39NO4 �HCl is dissolved in 10 minutes; and not less than 80%
(Q) of the labeled amount of C32H39NO4 �HCl is dissolved in 30
minutes.

.TEST 2—If the product complies with this test, the labeling
indicates that the product meets USP Dissolution Test 2.
Medium: 0.001N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm, use paddles and shafts coated with Teflon.
Time: 30 minutes.
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Determine the percentage of the labeled amount of fexofenadine
hydrochloride (C32H39NO4 �HCl) dissolved by employing the
following method.
Buffer solution—Dissolve 7.0 g of ammonium acetate in 1000 mL

of water. Adjust with glacial acetic acid to a pH of 4.0+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and acetonitrile (3 : 2). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Standard solution 1—Transfer about 20 mg, accurately weighed,

of USP Fexofenadine Hydrohcloride RS to a 100-mL volumetric
flask. Add 3.0 mL of methanol, and mix. Dilute with Medium to
volume, and mix.
Standard solution 2—Transfer 15.0 mL of Standard solution 1 to a

50-mL volumetric flask, dilute with Medium to volume, and mix.
Standard solution 3—Transfer 7.5 mL of Standard solution 1 to a

50-mL volumetric flask, dilute with Medium to volume, and mix.
Test solution—Use portions of the solution under test passed

through a suitable 0.45-mm filter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 259-nm detector and a
4.6-mm 6 15-cm column that contains packing L11. The flow rate
is about 1.5 mL per minute. Chromatograph any of the Standard
solutions, and record the peak responses as directed for Procedure:
the tailing factor is not more than 2.0, and the relative standard
deviation for replicate injections is not more than 2%.
Procedure—Separately inject equal volumes (30 mL for Standard

solution 2 and 3, and 10 mL for Standard solution 1) of the
appropriate Standard solution and the Test solution into the
chromatograph, record the chromatograms, and measure the
responses for the fexofenadine peak. Calculate the percentage of
fexofenadine hydrochloride (C32H39NO4 �HCl) dissolved by the
formula:

in which rU and rS are the peak responses for the Standard solution
and the Test solution,

&Test solution and the Standard solution,&2S (USP32)
respectively; CS is the concentration, in mg per mL, of the
appropriate Standard solution; 900 is the volume, in mL, of
Medium; 100 is the conversion factor to percentage; and L is the
tablet label claim, in mg.
Tolerances—Not less than 75% (Q) of the labeled amount of

C32H39NO4 �HCl is dissolved in 30 minutes..6

BRIEFING

Fluconazole Tablets. Because there is no existing USP
monograph for this drug product, a new monograph is being
proposed. The liquid chromatographic procedure in the test for Assay
is based on analysis performed with the Waters Nova-Pak 4-mm C-
18 column. In the Assay, the retention time for fluconazole is about 4
minutes.

(MD-AA: B. Davani; M. Puderbaugh; BPC: M. Mar-
ques) RTS—C52858

Add the following:

&Fluconazole Tablets

» Fluconazole Tablets contain the equivalent of not

less than 90.0 percent and not more than 110.0

percent of the labeled amount of fluconazole

(C13H12F2N6O).

Packaging and storage—Preserve in well-closed containers.

Store at controlled room temperatures.

USP Reference standards h11i—USP Fluconazole RS.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, as obtained in

the Assay.

Dissolution h711i—

Medium: water; 500 mL, 900 mL for Tablets labeled to

contain more than 100 mg.

Apparatus 2: 50 rpm.

Time: 45 minutes.

Standard solution—Prepare a solution of USP Fluconazole

RS in Medium having a known concentration of about 2 mg

per mL. Sonicate the solution to facilitate dissolution, if

necessary. Quantitatively dilute a portion of this solution with

Medium to obtain a final concentration similar to the one

expected in the Test solution.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Procedure—Determine the amount of fluconazole

(C13H12F2N6O) dissolved employing the procedure set forth

in the Assay, making any necessary modifications. Calculate

the quantity, in percentage of the labeled amount, of

fluconazole (C13H12F2N6O) dissolved by the formula:
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in which rU and rS are the peak responses obtained with the

Test solution and the Standard solution, respectively; CS is the

concentration, in mg per mL, of the Standard solution; VM is

the volume, in mL, of Medium; 100 is the conversion factor

to percentage; and L is the Tablet label claim, in mg.

Tolerances—Not less than 75% (Q) of the labeled amount

of fluconazole (C13H12F2N6O) is dissolved in 45 minutes.

Uniformity of dosage units h905i: meet the requirements.

Assay—

Acetate buffer—Prepare a 0.01M anhydrous sodium

acetate solution, adjust with glacial acetic acid to a pH of

5.0, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

acetate buffer, methanol, and acetonitrile (70 : 20 : 10). Make

adjustments as necessary (see System Suitability under

Chromatography h621i).

Standard stock solution—Dissolve an accurately weighed

quantity of USP Fluconazole RS in water, and dilute with

Mobile phase to volume to obtain a solution having a known

concentration of about 1.0 mg per mL. [NOTE—The target

ratio is about 5% water to 95% Mobile phase.] Sonicate the

solution, if necessary.

Standard preparation—Dilute the Standard stock solution

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution having a known concentration of about

0.2 mg per mL.

Assay preparation—Accurately weigh not fewer than 5

Tablets, and transfer to a volumetric flask. Disperse in a

suitable quantity of water, and sonicate the solution, if

necessary. Add a sufficient quantity of Mobile phase, sonicate

for about 5 minutes, and shake for about 30 minutes. Dilute

with Mobile phase to volume to obtain a concentration

between about 1 mg per mL and 4 mg per mL, and mix.

[NOTE—The target ratio is about 5% water to 95% Mobile

phase.] Centrifuge a suitable portion of the mixture. Filter and

quantitatively dilute a portion of the supernatant with Mobile

phase to obtain a solution having a known concentration of

about 0.2 mg of fluconazole per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 261-nm detector

and a 150-mm6 3.9-mm column that contains 4-mm packing

L1. The flow rate is about 1 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is greater than

1100; the tailing factor is not more than 3.0; and the relative

standard deviation for replicate injections is not greater than

2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percentage, of label claim of fluconazole (C13H12F2N6O) in the

portion of Tablets taken by the formula:

(CS /CU)(rU / rS)(100/L)

in which CS is the concentration, in mg per mL, of USP

Fluconazole RS in the Standard preparation; CU is the

concentration, in Tablets per mL, in the Assay preparation; rU

and rS are the peak responses for fluconazole obtained from

the Assay preparation and the Standard preparation,

respectively; and L is the label claim of fluconazole, in mg

per Tablet.&2S (USP32)

BRIEFING

Fludarabine Phosphate for Injection, USP 31 page 2176. On
the basis of comments received, it is proposed to add a NOTE in Test
A in the Related compounds section for clarification. It is also
proposed to delete the System suitability solution in Test B under
Related compounds, because it is not applicable.

(MD-OOD: F. Mao) RTS—C61914
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Change to read:

Related compounds—
TEST A (EARLY-ELUTING IMPURITIES)—
Mobile phase—Prepare as directed in the Assay.
Standard solution—Prepare as directed for Standard preparation

in the Assay under Fludarabine Phosphate.
System suitability solution—Prepare as directed for System

suitability solution in Chromatographic purity Test A under
Fludarabine Phosphate.
Sensitivity check solution—Dilute the Standard solution with

Mobile phase to obtain a solution having a concentration of 0.0005
mg per mL.
Test solution—Inject 2.0 mL of water into each of 5 vials of

Fludarabine Phosphate for Injection. Quantitatively transfer the
contents of the vials into a single 250-mL volumetric flask, using
water rinses. Dilute the volumetric flask with Mobile phase to
volume, and mix to obtain a solution having a concentration of about
1 mg of fludarabine phosphate per mL.
Chromatographic system—Proceed as directed for Chromato-

graphic system in Chromatographic purity Test A under Fludarabine
Phosphate.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution, record the chromatograms,
and measure all of the peak responses up to and including the
fludarabine phosphate peak. Calculate the percentage of each early-
eluting impurity present in the portion of Fludarabine Phosphate
taken by the formula:

100F1 (ru / rs)

in which F1 is a relative response factor equal to the values given in
Table 1, and equal to 1.0 for any other individual early-eluting
degradation product not appearing in Table 1; rU is the response for
each individual impurity in the Test solution; and rS is the response
for the fludarabine phosphate peak in the Test solution. In addition to
meeting the limits for the individual degradation products given in
Table 1, not more than 0.2% of any other early-eluting fludarabine
phosphate degradation peak is found.

&[NOTE—Disregard the peak due to the 3’,5’-Diphosphate

analog that elutes at the relative retention time of about 0.42,

and the peak due to the 2-Ethoxyphosphate analog at the

relative retention time of about 2.5, as these are process

impurities that are controlled by the drug substance

monograph.]&2S (USP32)

TEST B (LATE-ELUTING-IMPURITIES)—
Mobile phase—Prepare a mixture of filtered, degassed 10 mM

monobasic potassium phosphate and methanol (4 : 1).
Standard solution, System suitability solution,

&

&2S (USP32)
and Sensitivity check solution—Prepare as directed for Chromato-
graphic purity Test A under Fludarabine Phosphate.
Test solution—Prepare as directed for Related compounds Test A.
Chromatographic system—Proceed as directed for Chromato-

graphic purity Test B under Fludarabine Phosphate.

Procedure—Separately inject equal volumes (about 10 mL) of the
Standard solution and the Test solution, record the chromatograms at
260 nm, and measure all of the peak responses starting with the
fludarabine phosphate peak. Calculate the percentage of each late-
eluting impurity present in the portion of Fludarabine Phosphate
taken by the formula:

100F2 (rU / rS)

in which F2 is a relative response factor equal to the values given in
Table 1, and 1.0 for any other individual late-eluting degradation
peak not appearing in Table 1; rU is the response for each individual
impurity in the Test solution; and rS is the response for the
fludarabine phosphate peak in the Test solution. In addition to
meeting the limits for the individual degradation products given in
Table 1, not more than 0.2% of any other late-eluting fludarabine
phosphate degradation product is found; and the sum of all
fludarabine phosphate degradation products found in Test A and
Test B is not more than 2.0%.

BRIEFING

Gabapentin Tablets, USP 31 page 2244. It is proposed to add a
Dissolution Test 2 to this monograph for some generic versions of
this product approved by the FDA.

(BPC: M. Marques) RTS—C53587

Add the following:

&Labeling—When more than one Dissolution test is given,

the labeling states the Dissolution test used only if Test 1 is

not used.&2S (USP32)

Change to read:

Dissolution h711i—

&TEST 1—&2S (USP32)
Medium: 0.06N hydrochloric acid (prepared by adding 51 mL

of hydrochloric acid to 10 L of water); 900 mL.
Apparatus 2: 50 rpm.
Time: 45 minutes.
Determine the amount of gabapentin (C9H17NO2) dissolved by the

following method.
Mobile phase—Proceed as directed in the Assay.
Standard stock solution—Dissolve an accurately weighed quantity

of USP Gabapentin RS in the Medium to obtain a final solution
having a known concentration of about 1.1 mg per mL.
Working standard solutions—Dilute aliquots of the Standard stock

solution with Medium to obtain solutions having the following
concentrations: 110 mg per mL for Tablets labeled to contain 100 mg;
330 mg per mL for Tablets labeled to contain 300 mg; 440 mg per mL
for Tablets labeled to contain 400 mg; 660 mg per mL for Tablets
labeled to contain 600 mg; and 880 mg per mL for Tablets labeled to
contain 800 mg.

Table 1

Relative
Retention Time

Relative Response
Factor (F1)

Relative Response
Factor (F2) Impurity Name

Limit
(w/w%)

0.26 4.0 Iso-ara-guanine-monophosphate 1.0
0.34 2.5 Isoguanine 0.2
1.5 0.5 2-fluoroadenine 0.2
1.9 0.6 2-fluoro-ara-adenine 0.2
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Test solution—Pass a portion of the solution under test through a
suitable 0.45-mm filter.
Chromatographic system (see Chromatography h621i)—Proceed

as directed in the Assay, except to use the Working standard
solutions: the column efficiency is not less than 5000 theoretical
plates; the tailing factor is not more than 2.0; and the relative
standard deviation for replicate injections is not more than 3%.
Procedure—Separately inject equal volumes (about 100 mL for the

Tablets labeled to contain 100, 300, or 400 mg; and about 50 mL for
Tablets labeled to contain 600 or 800 mg) of the appropriateWorking
standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the amount of gabapentin (C9H17NO2) dissolved by the
formula:

in which rU and rS are the peak responses for the Working standard
solution and the Test solution, respectively; CS is the concentration,
in mg per mL, of the Working standard solution; 900 is the volume,
in mL, of Medium; 100 is the conversion factor to percentage; and L
is the Tablet label claim, in mg.
Tolerances—Not less than 80% (Q) of the labeled amount of

gabapentin (C9H17NO2) is dissolved in 45 minutes.

&TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium, Apparatus 2, Mobile phase, Standard stock

solution, Working standard solutions, Test solution,

Chromatographic system, and Procedure—Proceed as direct-

ed for Test 1.

Time: 30 minutes.

Tolerances—Not less than 75% (Q) of the labeled amount

of gabapentin (C9H17NO2) is dissolved in 30 minutes.&2S (USP32)

BRIEFING

Granisetron Hydrochloride Injection. Because there is no
existing USP monograph for this dosage form, a new monograph,
based on validated methods of analysis, is being proposed. The
liquid chromatographic procedure in the tests for Related compounds
and Assay is based on analyses performed with the Phenomenex
Synergi Hydro-RP 80A brand of L1 column. The typical retention
time for the granisetron peak is about 10 to 13 minutes.

(MD-GRE: E. Gonikberg; MSA: R. Tirumalai) RTS—C51261

Add the following:

&Granisetron Hydrochloride Injection

» Granisetron Hydrochloride Injection is a sterile

solution of Granisetron Hydrochloride in Water for

Injection. It contains the equivalent of not less than

93.0 percent and not more than 107.0 percent of the

labeled amount of granisetron (C18H24N4O). It may

contain suitable preservatives.

Packaging and storage—Preserve in single-dose or multi-

ple-dose containers, protected from light, and store at

controlled room temperature.

Labeling—It meets the requirements for Labeling under

Injections h1i. Label it to indicate the name and the quantity

of any added preservative.

USP Reference standards h11i—USP Endotoxin RS. USP

Granisetron Hydrochloride RS. USP Granisetron Related

Compound B RS. USP Granisetron Related Compound C RS.

USP Granisetron Related Compound D RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Developing solvent—Prepare a mixture of methylene

chloride, alcohol, water, and ammonium hydroxide

(60 : 40 : 5 : 2).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Granisetron Hydrochloride RS in water or alcohol

to obtain a solution having a concentration of granisetron that

matches the concentration of granisetron in the Test solution.

To calculate the concentration of granisetron in the Standard

solution, use the molecular weights of granisetron (312.41)

and granisetron hydrochloride (348.87).

Test solution—Use the undiluted Injection.
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Procedure—Separately apply equal volumes of the Stan-

dard solution and the Test solution, equivalent to about 4 to 5

mg of granisetron, to a suitable thin-layer chromatographic

plate coated with a 0.25-mm layer of chromatographic silica

gel mixture, dry the spots under a current of warm air for

about 5 minutes, and develop the plate in a paper-lined

chromatographic chamber equilibrated with Developing

solvent prior to use. Allow the chromatogram to develop

until the solvent front has moved about 15 cm. Remove the

plate, dry the plate under a curent of warm air, and examine

the plate under short-wavelength UV light: the principal spot

from the Test solution corresponds in appearance and RF value

to that of the Standard solution.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Bacterial endotoxins h85i—It contains not more than 25

USP Endotoxin Units per mg of granisetron.

Sterility h71i: meets the requirements.

pH h791i: between 4.0 and 6.0.

Particulate matter h788i: meets the requirements for

small-volume injections.

Related compounds—[NOTE—Perform the determination

under subdued light, and use amber autosampler vials and

low-actinic glassware.]

Buffer solution pH 2.0, Mobile phase, System suitability

preparation, and Chromatographic system—Prepare as di-

rected in the Assay.

Standard solution—Use the Standard preparation prepared

as directed in the Assay.

Test solution—Use the Assay preparation prepared as

directed in the Assay.

Procedure—Separately inject equal volumes (about 15/L

mL), where L is the labeled amount, in mg, of granisetron per

mL of Injection of the Standard solution and the Test solution,

into the chromatograph. Record the chromatograms for at

least three times the retention time of the granisetron peak,

identify the impurities listed in Table 1, and measure the peak

responses. Calculate the percentage of each impurity relative

to the labeled content of granisetron in the portion of Injection

taken by the formula:

100(1 /F)(312.41 / 348.87)(CS /CT)(ri / rS)

in which F is the relative response factor as listed in Table 1;

312.41 and 348.87 are the molecular weights of granisetron

and granisetron hydrochloride, respectively; CS is the

concentration, in mg per mL, of granisetron hydrochloride

in the Standard solution; CT is the concentration, in mg per

mL, of granisetron in the Test solution, based on the label

claim; ri is the peak response of each impurity obtained from

the Test solution; and rS is the peak response of the

granisetron peak, obtained from the Standard solution.

Disregard the peak due to granisetron related compound A

that elutes at the relative retention time of about 0.5–0.6 as

this impurity is controlled in the drug substance monograph.

Not more than 0.7% of granisetron related compound C is

found, not more than 1.3% of total specified impurities is

found, and not more than 0.5% of any unspecified impurity is

found. The reporting level for impurities is 0.1%.

Table 1

Name

Relative

Retention

Time

Relative

Response

Factor (F)

Granisetron related compound A1 0.5–0.6 —

Granisetron related compound B2 0.7 0.8

Granisetron 1.0 —

Granisetron related compound C3 1.2 1.0

Granisetron related compound D4 2.1–2.3 1.5

1 2-Methyl-N-[(1R,3r,5S)-9-methyl-9-azabicyclo[3.3.1]non-3-yl]-
2H-indazole-3-carboxamide.
2 N-[(1R,3r,5S)-9-Methyl-9-azabicyclo[3.3.1]non-3-yl]-1H-inda-
zole-3-carboxamide.
3 N-[(1R,3r,5S)-9-Azabicyclo[3.3.1]non-3-yl]-1-methyl-1H-inda-
zole-3-carboxamide.
4 1-Methyl-1H-indazole-3-carboxylic acid.
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Other requirements—It meets the requirements under

Injections h1i.

Assay—[NOTE—Perform the determination under subdued

light, and use amber autosampler vials and low-actinic

glassware.]

Buffer solution pH 2.0—Dissolve 15.6 g of monobasic

sodium phosphate dihydrate in 900 mL of water, adjust with

phosphoric acid to a pH of 2.0, and dilute with water to 1000

mL.

Mobile phase—Prepare a mixture of Buffer solution pH 2.0,

methanol, and tetrahydrofuran (75 : 24 : 1.1), mix, and degas.

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability preparation—Dissolve suitable quantities

of USP Granisetron Hydrochloride RS, USP Granisetron

Related Compound B RS, USP Granisetron Related Com-

pound C RS, and USP Granisetron Related Compound D RS

in a mixture of water and methanol (75 : 25), to obtain a

solution containing about 0.1 mg of each component per mL.

Dilute with water to obtain a solution containing about L mg

of each component per mL, where L is the labeled amount, in

mg of granisetron per mL of Injection.

Standard preparation—Dissolve an accurately weighed

quantity of USP Granisetron Hydrochloride RS in water to

obtain a solution having a known concentration of about (1.1

6 L) mg of granisetron hydrochloride per mL, where L is the

labeled amount, in mg, of granisetron per mL of Injection.

Assay preparation—Use the undiluted Injection.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 300-nm detector

and a 4.6-mm 6 15-cm column that contains 4-mm polar

endcapped packing L1. The flow rate is about 1.2 mL per

minute. Chromatograph the System suitability preparation,

and identify the components based on the information listed

in Table 1. Record the peak responses as directed for

Procedure: the resolution, R, between the granisetron and

granisetron related compound C peaks is not less than 2.

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the column

efficiency, determined from the granisetron peak, is not less

than 2000 theoretical plates; the tailing for the granisetron

peak is not more than 3; and the relative standard deviation

for a minimum of six replicate injections is not more than

2.0%.

Procedure—Separately inject equal volumes (about 15/L

mL), where L is the labeled amount, in mg, of granisetron per

mL of Injection of the Standard preparation and the Assay

preparation, into the chromatograph. Record the chromato-

grams for at least three times the retention time of the

granisetron peak, and measure the responses for the major

peaks. Calculate the percentage of the labeled amount of

granisetron (C18H24N4O) in each mL of the Injection by the

formula:

100(312.41 / 348.87)(C/L)(rU / rS)

in which 312.41 and 348.87 are the molecular weights of

granisetron and granisetron hydrochloride, respectively; C is

the concentration, in mg per mL, of granisetron hydrochloride

in the Standard preparation; L is defined above; and rU and rS

are the peak areas obtained from the Assay preparation and

the Standard preparation, respectively.&2S (USP32)

BRIEFING

Granisetron Hydrochloride Tablets. Because there is no
existing USP monograph for this dosage form, a new monograph,
based on validated methods of analysis, is being proposed. The
liquid chromatographic procedure in the tests for Related compounds
and Assay is based on analyses performed with the Phenomenex
Synergi Hydro-RP 80A brand of L1 column. The typical retention
time for the granisetron peak is 10 to 13 minutes.

(MD-GRE: E. Gonikberg; BPC: M. Marques) RTS—C51283
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Add the following:

&Granisetron Hydrochloride Tablets

» Granisetron Hydrochloride Tablets contain an

amount of Granisetron Hydrochloride equivalent to

not less than 92.0 percent and not more than 108.0

percent of the labeled amount of granisetron

(C18H24N4O).

Packaging and storage—Preserve in well-closed containers,

protected from light. Store at controlled room temperature.

USP Reference standards h11i—USP Granisetron Hydro-

chloride RS. USP Granisetron Related Compound B RS. USP

Granisetron Related Compound C RS. USP Granisetron

Related Compound D RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Developing solvent—Prepare a mixture of methylene

chloride, alcohol, water, and ammonium hydroxide

(60 : 40 : 5 : 2).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Granisetron Hydrochloride RS in 0.1 N

hydrochloric acid to obtain a solution containing 0.44 mg

of granisetron hydrochloride per mL.

Test solution—Transfer a number of Tablets, equivalent to

about 2 mg of granisetron, to a suitable container, add 5.0 mL

of 0.1 N hydrochloric acid, and sonicate for about 3 minutes.

Filter through a 0.45-mm filter.

Procedure—Separately apply 20 mL each of the Standard

solution and the Test solution to a suitable thin-layer

chromatographic plate coated with a 0.25-mm layer of

chromatographic silica gel mixture, dry the spots under a

current of warm air for about 5 minutes, and develop the plate

in a paper-lined chromatographic chamber equilibrated with

Developing solvent. Allow the chromatogram to develop until

the solvent front has moved about 15 cm. Remove the plate,

dry the plate under a cold air stream for about 10 minutes, and

examine the plate under short-wavelength UV light: the

principal spot from the Test solution corresponds in

appearance and RF value to that of the Standard solution.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

Medium: pH 6.5 phosphate buffer, prepared by dissolving

6.8 g of monobasic potassium phosphate in 800 mL of water,

adjusting to pH 6.5 with 1N sodium hydroxide, and diluting

to 1 L with water; 500 mL.

Apparatus 2: 50 rpm.

Time: 30 minutes.

Buffer solution pH 2.0, Mobile phase, Diluent, System

suitability preparation, and Standard preparation—Prepare

as directed in the Assay.

Standard solution—Transfer 5.0 mL of the Standard

preparation to a 250-mL volumetric flask, and dilute with

Diluent to volume.

Test solution—Filter a portion of the solution under test

through a 0.45-mm filter. If necessary, further dilute 5 mL of

this solution with Diluent to (5 6 L) mL, where L is the

Tablet label claim, in mg.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the tailing factor is not less than 0.8 and not more

than 1.5; and the relative standard deviation for a minimum of

six replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the amount of C18H24N4O dissolved

by the formula:
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(312.41 / 348.87)(rU 6 CS 6 500 6 D6100) / (rS 6 L)

in which 312.41 and 348.87 are the molecular weights of

granisetron and granisetron hydrochloride, respectively; rU

and rS are the peak responses for the Test solution and the

Standard solution, respectively; CS is the concentration, in mg

per mL, of the Standard solution; 500 is the volume, in mL,

of the Medium; D is the dilution factor of the Test solution;

100 is the conversion factor to percentage; and L is the Tablet

label claim, in mg.

Tolerances—Not less than 75% (Q) of the labeled amount

of C18H24N4O is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

Related compounds—[NOTE—Perform the determination

under subdued light and use amber autosampler vials and

low-actinic glassware.]

Buffer solution pH 2.0, Mobile phase, Diluent, System

suitability preparation, and Chromatographic system—Pre-

pare as directed in the Assay.

Standard solution—Use the Standard preparation, pre-

pared as directed in the Assay.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms for at least three

times the retention time of the granisetron peak, identify the

impurities listed in Table 1, and measure the peak responses.

Calculate the percentage of each impurity relative to the

labeled content of granisetron in the portion of Tablets taken

by the formula:

100(1 /F)(312.41 / 348.87)(CS /CU)(ri / rS)

in which F is the relative response factor as listed in Table 1;

312.41 and 348.87 are the molecular weights of granisetron

and granisetron hydrochloride, respectively; CS is the

concentration, in mg per mL, of granisetron hydrochloride

in the Standard solution; CU is the concentration, in mg per

mL, of granisetron in the Test solution, based on the label

claim; ri is the peak response of each impurity obtained from

the Test solution; and rS is the peak response of the

granisetron peak, obtained from the Standard solution.

Disregard the peak due to granisetron related compound A

that elutes at the relative retention time of about 0.5–0.6, as

this impurity is controlled in the drug substance monograph.

Not more than 0.7% of granisetron related compound C is

found, not more than 1.3% of total specified impurities is

found, and not more than 0.5% of any unspecified impurity is

found. The reporting level for impurities is 0.1%.

Table 1

Name

Relative

Retention

Time

Relative

Response

Factor (F)

Granisetron related compound A1 0.5–0.6 —

Granisetron related compound B2 0.7 0.8

Granisetron 1.0 —

Granisetron related compound C3 1.2 1.0

Granisetron related compound D4 2.1–2.3 1.5

1 2-Methyl-N-[(1R,3r,5S)-9-methyl-9-azabicyclo[3.3.1]non-3-yl]-
2H-indazole-3-carboxamide.
2 N-[(1R,3r,5S)-9-Methyl-9-azabicyclo[3.3.1]non-3-yl]-1H-inda-
zole-3-carboxamide.
3 N-[(1R,3r,5S)-9-Azabicyclo[3.3.1]non-3-yl]-1-methyl-1H-inda-
zole-3-carboxamide.
4 1-Methyl-1H-indazole-3-carboxylic acid.

Assay—[NOTE—Perform the determination under subdued

light and use amber autosampler vials and low-actinic

glassware.]

Buffer solution pH 2.0—Dissolve 15.6 g of monobasic

sodium phosphate dihydrate in 900 mL of water, adjust with

phosphoric acid to a pH of 2.0, and dilute with water to 1000

mL.

Mobile phase—Prepare a mixture of Buffer solution pH 2.0,

methanol, and tetrahydrofuran (75 : 24 : 1.1), mix, and degas.

Make adjustments if necessary (see System Suitability under

Chromatography h621i).
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Diluent—Use Buffer solution pH 2.0.

System suitability preparation—Dissolve suitable amounts

of USP Granisetron Hydrochloride RS, USP Granisetron

Related Compound B RS, USP Granisetron Related Com-

pound C RS, and USP Granisetron Related Compound D RS

in Diluent, to obtain a solution having about 0.1 mg of

granisetron hydrochloride per mL and about 0.01 mg of each

of granisetron related compounds B, C, and D.

Standard preparation—Dissolve an accurately weighed

quantity of USP Granisetron Hydrochloride RS in Diluent to

obtain a solution having a known concentration of about 0.11

mg of granisetron hydrochloride per mL.

Assay preparation—Prepare a solution containing about 0.1

mg of granisetron (base) per mL, based on the label claim,

using the following procedure: fill a suitable volumetric flask

with Diluent, add 5 Tablets and sonicate for approximately 20

minutes until the Tablets disintegrate completely. Filter a

portion of this solution through a 0.45-mm membrane filter,

discarding the first few mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 300-nm

detector, and 4.6-mm 6 15-cm column that contains 4-mm

polar endcapped packing L1. The flow rate is about 1.2 mL

per minute. Chromatograph the System suitability prepara-

tion, and identify the components based on the information

listed in Table 1. Record the peak responses as directed for

Procedure: the column efficiency, determined from the

granisetron peak, is not less than 1200 theoretical plates;

the tailing factor for the granisetron peak is not less than 0.8

and not more than 1.5; the resolution, R, between the

granisetron and granisetron related compound C peaks is not

less than 2. Chromatograph the Standard preparation, and

record the peak responses as directed for Procedure: the

relative standard deviation for a minimum of six replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, and measure the responses for the major

peaks. Calculate the percentage of the labeled amount of

granisetron (C18H24N4O) in each Tablet taken by the formula:

100(312.41 / 348.87)(CV /NL)(rU / rS)

in which 312.41 and 348.87 are the molecular weights of

granisetron and granisetron hydrochloride, respectively; C is

the concentration, in mg per mL, of granisetron hydrochloride

in the Standard preparation; V is the volume, in mL, of the

Assay preparation, N is the number of Tablets taken to

prepare the Assay preparation; L is the Tablet label claim, in

mg; and rU and rS are the peak areas obtained from the Assay

preparation and the Standard preparation, respec-

tively.&2S (USP32)

BRIEFING

Hydroxychloroquine Sulfate Tablets, USP 31 page 2359. The
current Identification test A is not a distinct Identification test, but
rather the procedure for the preparation of the test solution for the
Identification tests for Organic Nitrogenous Bases h181i and Sulfate
h191i. Therefore, it is proposed to eliminate test A as a separate
Identification test and to incorporate the procedure within these two
tests. In addition, the test solution for the Identification test for
Sulfate h191i is revised to be consistent with the original submission.
The letter designations for the identification tests have been modified
accordingly.

(MD–AA: B. Davani; M. Puderbaugh) RTS—C65232

Change to read:

Identification—
A: Triturate a quantity of finely powdered Tablets, equivalent to

about 1 g of hydroxychloroquine sulfate, with 50 mL of water, and
filter: the clear filtrate so obtained meets the requirements for
Identification tests B and C.

&Triturate a quantity of finely powdered Tablets, equivalent to

about 1 g of hydroxychloroquine sulfate, with 50 mL of

water, and filter (retain the remainder of the filtrate for

Identification test B): the clear filtrate so obtained meets the

requirements under Identification—Organic Nitrogenous

Bases h181i.&2S (USP32)
B: It meets the requirements under Identification—Organic

Nitrogenous Bases h181i

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
940 IN-PROCESS REVISION Vol. 34(4) [July–Aug. 2008]



&The clear filtrate obtained from Identification test A meets

the requirements of the tests for Sulfate h191i.&2S (USP32)
C: A solution (1 in 100) meets the requirements of the tests for

Sulfate h191i
&The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromato-

gram of the Standard preparation, as obtained in the

Assay.&2S (USP32)
D: The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromatogram of
the Standard preparation, as obtained in the Assay.

&

&2S (USP32)

BRIEFING

Ibuprofen, USP 31 page 2372. It is proposed to change the
specifications for the column, under Chromatographic purity, from
30+0.28 to 30+0.58, to accommodate a more relaxed specification,
in keeping with instruments currently on the market.

(MD-CCA: C. Anthony) RTS—C65485

Change to read:

Chromatographic purity—
Mobile phase—Prepare a suitable filtered mixture of water,

previously adjusted with phosphoric acid to a pH of 2.5 and
acetonitrile (1340 : 680). Make adjustments if necessary (see System
Suitability under Chromatography h621i).
Test preparation—Prepare a solution of Ibuprofen in acetonitrile

containing about 5 mg per mL.
Resolution solution—Prepare a solution in acetonitrile containing

in each mL about 5 mg of Ibuprofen and 5 mg of valerophenone.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 214-nm detector and a 4-
mm 6 15-cm column that contains 5-mm packing L1 and is
maintained at 30 + 0.28

&+0.58.&2S (USP32)
The flow rate is about 2 mL per minute. Chromatograph a series of
5-mL injections of the Test preparation to condition the column.
Chromatograph the Resolution solution, and record the peak
responses as directed for Procedure: the relative retention times
are about 0.8 for valerophenone and 1.0 for ibuprofen, and the
resolution, R, between the valerophenone peak and the ibuprofen
peak is not less than 2.0.
Procedure—[NOTE—Use peak areas where peak responses are

indicated.] Inject about 5 mL of the Test preparation into the
chromatograph, record the chromatogram, and measure the peak
responses. Calculate the percentage of each impurity taken by the
formula:

100ri / rt

in which ri is the response of an individual peak, other than the
solvent peak and the main ibuprofen peak, and rt is the sum of the
responses of all the peaks, excluding that of the solvent peak: not
more than 0.3% of any individual impurity is found, and the sum of
all the individual impurities found does not exceed 1.0%.

BRIEFING

Ibuprofen Tablets, USP 31 page 2374. On the basis of comments
received, it is proposed to change the limit of 4-isobutylacetophe-
none in the test for Limit of ibuprofen related compound C, from
0.1% to 0.25%, to be more consistent with the limits of other
ibuprofen drug products.

(MD-CCA: C. Anthony) RTS—C64302

Change to read:

Limit of ibuprofen related compound C—Using the chromato-
grams of the Assay preparation and the Ibuprofen related compound
C standard solution obtained as directed in the Assay, calculate the
percentage of ibuprofen related compound C (C12H16O) in the Tablets
taken by the formula:

10,000C(A /WI)(RU /RS)

in which C is the concentration, in mg per mL, of USP Ibuprofen
Related Compound C RS in the Ibuprofen related compound C
standard solution; A is the average weight, in mg, of a Tablet; W is
the weight of Tablet powder taken to prepare the Assay preparation;
I is the quantity, in mg, of ibuprofen per Tablet as obtained in the
Assay; and RU and RS are the ratios of the ibuprofen related
compound C peak response to the valerophenone peak response
obtained from the Assay preparation and the Standard preparation,
respectively: not more than 0.1%

&0.25%&2S (USP32)
per Tablet is found.

BRIEFING

Human Insulin Isophane Suspension and Human Insulin
Injection, USP 31 page 2407 and Interim Revision Announcement
on page 861 of PF 33(5) [Sept–Oct. 2007]. On the basis of
comments received, several changes in Method 2 for determining the
amount of soluble insulin have been proposed.

(BB PP: L. Callahan) RTS—C58407

Change to read:

Soluble insulin human content—[NOTE—Use one of the two
methods listed below.]

METHOD 1—
Mobile phase, System suitability solution, and Chromatographic

system—Proceed as directed in the Assay under Insulin.
Soluble insulin test solution—Maintain the temperature at 25+ 18

throughout the procedure. Transfer 5.0 mL of the Injection to a
centrifuge tube. Add 20 mL of 1N sodium hydroxide, and adjust
with 0.05N hydrochloric acid or 0.05N sodium hydroxide to a pH of
8.20+ 0.02 if the total zinc concentration is approximately 20 mg
per mL or adjust to a pH of 8.35+ 0.02 if the total zinc
concentration is approximately 30 mg per mL. Record the volume,
in mL, of acid or base needed to adjust the pH. Mix, and allow to
stand for 1 hour. Centrifuge, transfer the supernatant to another
centrifuge tube, and repeat the centrifugation. Transfer 2 mL of the
supernatant to another tube, add 5 mL of 9.6N hydrochloric acid, and
mix.
Total insulin test solution—Transfer 2 mL of Injection to a suitable

vessel, add 5 mL of 9.6N hydrochloric acid, and allow the
suspension to clarify. Dilute the resulting solution with 0.01N
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hydrochloric acid to the same theoretical concentration of insulin as
the Soluble insulin test solution (e.g., if the Injection is labeled to
contain 20% soluble insulin, the dilution factor is 100/20 = 5).
Procedure—Separately inject equal volumes (about 20 mL) of the

Soluble insulin test solution and Total insulin test solution into the
chromatograph, record the chromatograms, and measure the peak
responses for insulin and A-21 desamido insulin. Calculate the
amount of soluble insulin human as a percentage of the total insulin
content of the Injection by the formula:

(100/D)[(5020 + VA)/5000](rS / rT)

in which D is the dilution factor for the Total insulin test solution; VA

is the number of mL added to adjust the pH of the Soluble insulin test
solution; and rS and rT are the responses of the Soluble insulin test
solution and the Total insulin test solution, respectively. The
percentage of soluble insulin human is in the range L + 5, where
L is the percent of soluble insulin human stated on the product label.

METHOD 2—
Mobile phase—System suitability solution,and Chromatographic

system—

&

&2S (USP32)
Proceed as directed in the Assay under Insulin.
0.1M Tris buffer solution—Dissolve 3.54+ 0.01 g of Tris(hy-

droxymethyl)aminomethane hydrochloride and 3.34+ 0.01 g of
Tris(hydroxymethyl)aminomethane in 500 mL of water. The pH of
the 0.1M Tris buffer solution must be between .8.15.5 and .8.35.5. If
the pH is outside of this range, discard the solution and prepare
fresh; do not adjust the pH. ..5

&System suitability solution—Dissolve about 0.14 mg of

Insulin in 1.0 mL of 0.01N hydrochloric acid. Allow to stand

at room temperature for not less than 3 days to obtain a

solution containing not less than 5% of A-21 desamido

insulin.&2S (USP32)
Soluble insulin test solution—.Dilute a suitable volume of

Injection.5 with .
.5 0.1M Tris buffer solution .to obtain a solution

containing about 6 USP Insulin Human Units of soluble insulin per
mL (e.g., 2 mL of 70/30 Human Insulin Isophane Suspension and
Human Insulin Injection containing 100 USP Insulin Human Units
per mL would be diluted with 8 mL of 0.1M Tris buffer solution to
obtain a filtrate that contains 6 USP Insulin Human Units of soluble
insulin per mL)..5 Immerse the container in a water bath at 25 +
.18.5 for 30+ 2 minutes. Immediately pass this solution through a
0.2-mm filter using a disposable syringe. Transfer 2 .parts.5 of the
filtrate to a suitable vessel, and add 1 .part.5 0.2N hydrochloric acid
.(e.g., the dilution factor for the Soluble insulin test solution that
contains 30% soluble insulin is 56 3/2 = 7.5)..5
Total insulin test solution—For each mL of Injection, add 3.0 mL

of 9.6N hydrochloric acid, mix, and allow the suspension to clarify.
Dilute the resulting solution with 0.01N hydrochloric acid to .4 USP
Insulin Human Units per mL.5 (e.g., if the product is labeled to
contain .a total of 100 USP Insulin Human Units per mL,.5 the
dilution factor is .25)..5

&Chromatographic system—Proceed as directed in the

Assay under Insulin. Make adjustments as necessary (see

Chromatography h621i) to obtain a retention time for human

insulin between 10 and 17 minutes. Chromatograph five

replicate injections of the System suitability solution, and

record the peak responses as directed for Procedure: the

resolution, R, between human insulin and A-21 desamido

human insulin is not less than 2.0; the tailing factor for the

human insulin peak is between 0.8 and 1.5; and the relative

standard deviation for replicate injections is not more than

1.6%.&2S (USP32)
Procedure—Separately inject equal volumes (about .50.5 mL) of

the Soluble insulin test solution and the Total insulin test solution,
record the chromatograms, and measure the peak responses for
insulin and A-21 desamido insulin. Calculate the amount of soluble
insulin human as a percentage of the total human insulin content of
the Injection by the formula:

.(100DS /DT)(rS / rT).5

in which .DS and DT are.5 the dilution .factors.5 for the .Soluble
insulin test solution and Total insulin test solution, respectively;.5
and rS and rT are the human insulin peak responses obtained from the
Soluble insulin test solution and the Total insulin test solution,
respectively. The percentage of soluble insulin human is in the range
L + 5, where L is the percentage of soluble insulin human stated on
the product label.

BRIEFING

Isotretinoin Capsules, USP 31 page 2479, and page 274 of PF
34(2) [Mar.–Apr. 2008]. It is proposed to add two Dissolution tests
to this monograph for some generic versions of this product. The
chromatographic procedure in Dissolution Test 2 was validated using
the Hypersil BDS C18 brand of column containing packing L1. The
retention time of the isotretinoin peak using this column is about 3.5
minutes. The chromatographic procedure in Dissolution Test 3 was
validated using the Partisil ODS-1 brand of column containing
packing L1. The retention time of the isotretinoin peak using this
column is about 10 minutes.

(BPC: M. Marques) RTS—C58128; C59072

Add the following:

&Labeling—When more than one Dissolution test is given,

the labeling states the test used only if Test 1 is not

used.&2S (USP32)

Change to read:

&Dissolution h711i—
&[Caution—Carry out all the tests under subdued light and

use low-actinic glassware.]

TEST 1—&2S (USP32)

Medium—

STAGE 1: simulated gastric fluid with pepsin, prepared

freshly and purged with nitrogen.
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STAGE 2: 0.13N sodium hydroxide, prepared by transfer-

ring 5 g of sodium hydroxide to a 1-L volumetric flask and

dissolving in and diluting with water to volume. Prepare

fresh, and purge with nitrogen.

Apparatus (see Disintegration h701i)—No disks; the

apparatus is adjusted so that the bottom of the basket-rack

assembly descends to 1.0+ 0.1 cm from the inside bottom

surface of the vessel on the downward stroke; the 10-mesh

stainless steel cloth in the basket-rack assembly is replaced

with a 40-mesh stainless steel cloth; a 10-mesh stainless-steel

cloth is fitted to the top of the basket-rack assembly.

Time: 60 minutes.

Standard solution—Transfer about 10 mg of USP Isotret-

inoin RS, accurately weighed, to a 200-mL low-actinic

volumetric flask; add 25.0 mL of Stage 1Medium and about

150 mL of Stage 2Medium; sonicate until completely

dissolved (about 20 minutes); and dilute with Stage

2Medium to volume. Pass 20 mL of this solution through a

suitable filter, discarding the first 5 mL. Dilute 5.0 mL of the

filtrate with Stage 2Medium to 50 mL.

Sample solution—Perform a dissolution test on each of

6 Capsules: place 1 Capsule in one of the tubes in each of six

basket-rack assemblies. Place each basket in a 1-L beaker

containing 100 mL of Stage 1Medium in a bath having a

temperature of 37.0+ 0.58. Allow to stand for 30 minutes.

Carefully add 800 mL of Stage 2Medium to each beaker.

With the disintegration apparatus operating, connect each

basket-rack assembly to the drive rod in a timed sequence.

After 60 minutes, withdraw 20 mL of Medium (Stage 1 and

Stage 2), immediately pass the solution through a suitable

0.45-mm filter, discard the first 5 mL, and collect the solution

in argon-charged, low-actinic glassware. Dilute, if necessary,

using low-actinic glassware, with Stage 2Medium, to obtain a

theoretical concentration of about 0.0055 mg per mL of

isotretinoin, assuming complete dissolution, based on the

label claim.

Capsule shell correction—Empty the contents of 3 Cap-

sules. Wash the capsule shells in several 20-mL aliquots of

chloroform. Allow the capsule shells to air dry. Place the

capsule shells in a 1-L flask containing 100 mL of Stage

1Medium and 800 mL of Stage 2Medium. Allow the flask to

stand for about 1 hour in a bath having a temperature of

37.0+ 0.58, stirring occasionally. Filter, and dilute as

described for Sample solution.

Procedure—Determine the amount of C20H28O2 dissolved

by employing UV absorption at the wavelength of maximum

absorbance at about 343 nm, in portions of the Sample

solution in comparison with the Standard solution, correcting

for the capsule shell absorbance, and using Medium (Stage

1 and Stage 2) as the blank. Calculate the percentage of

C20H28O2 dissolved by the formula:

in which AU, ACS, and AS are the absorbances obtained from the

Sample solution, the Capsule shell correction, and the

Standard solution, respectively; CS is the concentration, in

mg per mL, of the Standard solution; DU is the dilution factor

of the Sample solution; 100 is the conversion factor to

percentage; and LC is the Capsule label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C20H28O2 is dissolved in 60 minutes.&2S (USP31)

&TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: 0.05M phosphate buffer, pH 7.8, containing

0.5% w/v solid N,N-dimethyldodecylamine N-oxide; 900 mL.

Apparatus 1: 20-mesh basket; 100 rpm.

Time: 90 minutes.

Buffer solution—Transfer 3.4 g of monobasic potassium

phosphate to a 1-L volumetric flask, dissolve in and dilute

with water to volume, and adjust with phosphoric acid to a

pH of 2.10+ 0.05.
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Mobile phase—Prepare a filtered and degassed mixture of

methanol and Buffer solution (81 : 19). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard solution—Transfer about 44 mg, accurately

weighed, of USP Isotretinoin RS to a 100-mL low-actinic

volumetric flask. Add 15 mL of 1-propanol, and sonicate for

about 15 minutes. Add 50 mL of Medium, and sonicate for 10

minutes. Fill with Medium to volume. Transfer 5.0 mL to a

100-mL low-actinic volumetric flask, and dilute with Medium

to volume. Dilute this solution with Medium to obtain a final

concentration of about L/1000 mg/mL, where L is the Capsule

label claim, in mg.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Chromatographic system—The liquid chromatograph is

equipped with a 358-nm detector and a 4.6-mm 6 5-cm

column containing 5-mm packing L1. The flow rate is about

2.0 mL per minute. Chromatograph the Standard solution,

and record the peak responses as directed for Procedure: the

tailing factor is not more than 2.0; the column efficiency is

not less than 1000 theoretical plates; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure— Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of isotretinoin

dissolved by the formula:

in which rU and rS are the peak responses for the Test solution

and the Standard solution, respectively; CS is the concentra-

tion, in mg per mL, of the Standard solution; 900 is the

volume, in mL, of Medium; 100 is the percentage conversion

factor; and L is the Capsule label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C20H28O2 is dissolved in 90 minutes.

TEST 3—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 3.

Medium: borate buffer, pH 8.0, containing 0.5% cetri-

mide and 50 mg per L of pancreatin (Prepared by dissolving

12.37 g of boric acid and 14.91 g of potassium chloride in

water and diluting with water to 1 L. To 250 mL of this

solution, add 19.5 mL of 0.2M sodium hydroxide solution,

and dilute with water to 1 L. Adjust with 0.2M sodium

hydroxide to a pH of 8.00+ 0.05, if necessary. Add 5 g of

cetrimide, and mix until dissolved. Just before starting the

test, dissolve a quantity of pancreatin to obtain a final

concentration of 50 mg per L.); 900 mL.

Apparatus 2: 75 rpm, with sinkers.

Time: 90 minutes.

Standard solution—Transfer about 45 mg, accurately

weighed, of USP Isotretinoin RS to a 100-mL volumetric

flask. Add 60 mL of 0.1N sodium hydroxide, and sonicate

until dissolved. Dilute with 0.1N sodium hydroxide to

volume. Dilute this solution with Medium to obtain a final

concentration of about L/1000 mg/mL, where L is the Capsule

label claim, in mg.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Mobile phase—Prepare a filtered and degassed mixture of

0.5% acetic acid in methanol and 0.5% acetic acid in water

(71 : 29). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Chromatographic system—The liquid chromatograph is

equipped with a 353-nm detector and a 4.6-mm 6 25-cm

column containing 10-mm packing L1. The flow rate is about

1.5 mL per minute. Chromatograph the Standard solution,

and record the peak responses as directed for Procedure: the

tailing factor is not more than 2.0; the column efficiency is

not less than 1800 theoretical plates; and the relative standard

deviation for replicate injections is not more than 2.0%.
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Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of isotretinoin

dissolved by the formula:

in which rU and rS are the peak responses for the Test solution

and the Standard solution, respectively; CS is the concentra-

tion, in mg per mL, of the Standard solution; 900 is the

volume, in mL, of Medium; 100 is the percentage conversion

factor; and L is the Capsule label claim, in mg.

Tolerances—Not less than 70% (Q) of the labeled amount

of C20H28O2 is dissolved in 90 minutes.&2S (USP32)

Change to read:

Chromatographic purity—
Methylene chloride reagent and Mobile phase—Proceed as

directed in the Assay.

&Methylene chloride reagent—Transfer 50 g of sodium

bicarbonate to 1000 mL of methylene chloride, shake, and

allow to stand overnight. At the time of use, filter suitable

portions of this solution, and add 10 mg of butylated

hydroxytoluene per mL.

Mobile phase—Prepare a filtered and degassed mixture of

hexanes, ethyl acetate, and glacial acetic acid (970 : 30 : 0.1).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability solution—Dissolve accurately weighed

quantities of USP Isotretinoin RS and USP Tretinoin RS in

Methylene chloride reagent to obtain a solution having

known concentrations of about 1 mg of each Reference

Standard per mL. Transfer 1.0 mL of this solution, and dilute

quantitatively with hexanes to 100.0 mL to obtain a solution

having known concentrations of about 0.01 mg of each

Reference Standard per mL.&1S (USP32)

Standard solution—Dissolve an accurately weighed quantity of
USP Tretinoin RS in Methylene chloride reagent to obtain a solution
having a known concentration of about 0.5 mg per mL. Dilute an
accurately measured volume of this solution quantitatively, and
stepwise if necessary, with hexanes to obtain a solution having a
known concentration of about 1 mg per mL.
Test solution—Transfer 50.0 mL of the stock solution retained

from the Assay preparation

&Weigh a number of Capsules, equivalent to about 200 mg of

isotretinoin. With a sharp blade, carefully open the Capsules,

without loss of material, and transfer the contents by pipetting

5 mL of Methylene chloride reagent over each Capsule and

rinsing with hexanes. Collect the washings in a 500-mL

volumetric flask, dilute with hexanes to volume, and mix.

Transfer 50.0 mL of this solution&1S (USP32)
to a 200-mL volumetric flask, dilute with hexanes to volume, and
mix to obtain a solution having a concentration of about 0.1 mg of
isotretinoin per mL.
Chromatographic system—Proceed as directed in the Assay, using

the Standard preparation prepared in the Assay.

&Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 365-nm detector

and a 4.6-mm 6 25-cm column containing packing L3. The

flow rate is about 1 mL per minute. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure: the relative retention times for

isotretinoin and tretinoin are about 0.75 and 1.00, respec-

tively; the resolution, R, between isotretinoin and tretinoin is

not less than 3.0; the tailing factor for the isotretinoin peak is

not greater than 2.5; and the relative standard deviation for

replicate injections is not more than 2.0%.&1S (USP32)
Procedure—Separately inject equal volumes (about 50 mL) of the

Standard solution and the Test solution into the chromatograph, and
allow the Test solution to elute for not less than two times the
retention time of isotretinoin. Record the chromatograms, and
measure the peak responses: the peak response for any impurity is
not more than that of the tretinoin response obtained from the
Standard solution (1.0%); and the sum of all the peak responses,
excluding that of isotretinoin, obtained from the Test solution, is not
more than 1.5 times the tretinoin response obtained from the
Standard solution (1.5%).

Change to read:

Assay—
Methylene chloride reagent—Transfer 50 g of sodium bicarbonate

to 1000 mL of methylene chloride, shake, and allow to stand
overnight. At the time of use, filter suitable portions of this solution,
and add 10 mg of butylated hydroxytoluene per mL.
Mobile phase—Prepare a filtered and degassed mixture of

hexanes, ethyl acetate, and glacial acetic acid (970 : 30 : 0.1). Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard preparation—Dissolve accurately weighed quantities of

USP Isotretinoin RS and USP Tretinoin RS in Methylene chloride
reagent to obtain a solution having known concentrations of about
1 mg of each Reference Standard per mL. Transfer 1.0 mL of this
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solution, and dilute quantitatively with hexanes to 100.0 mL to
obtain a solution having known concentrations of about 0.01 mg of
each Reference Standard per mL.
Assay preparation—Weigh an accurately counted number of

Capsules, equivalent to about 200 mg of isotretinoin, and calculate
the average weight per Capsule. With a sharp blade, carefully open
the Capsules, without loss of material, and transfer the contents by
pipetting 5 mL ofMethylene chloride reagent over each Capsule and
rinsing with hexanes. Collect the washings in a 500-mL volumetric
flask, dilute with hexanes to volume, and mix. [NOTE—Reserve a
portion of this stock solution for the Chromatographic purity test.]
Transfer 5.0 mL of the stock solution to a 200-mL volumetric flask,
dilute with hexanes to volume, and mix to obtain a solution having a
concentration of 0.01 mg of isotretinoin per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 365-nm detector and a
4.6-mm 6 25-cm column containing packing L3. The flow rate is
about 1 mL per minute. Chromatograph the Standard preparation,
and record the peak responses as directed for Procedure: the relative
retention times for isotretinoin and tretinoin are about 0.75 and 1.00,
respectively; the resolution, R, between isotretinoin and tretinoin is
not less than 3.0; the tailing factor for the isotretinoin peak is not
greater than 2.5; and the relative standard deviation for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of isotretinoin
(C20H28O2) in each of the Capsules taken by the formula:

20,000(C/N)(rU / rS)

in which C is the concentration, in mg per mL, of USP Isotretinoin
RS in the Standard preparation; N is the number of Capsules taken;
and rU and rS are the isotretinoin peak responses obtained from the
Assay preparation and the Standard preparation, respectively.

&[NOTE—Protect the System suitability solution, the Standard

preparation, the Assay stock preparation, and the Assay

preparation from direct light.]

Diluent—Heat 0.1N sodium hydroxide to about 608 to 708.

Cool it to room temperature, and purge with helium or

nitrogen. Store it in a plastic container.

Solvent A—Prepare a solution of 0.5% acetic acid in

methanol.

Solvent B—Prepare a solution of 0.5% acetic acid in water.

Mobile phase—Prepare a mixture of Solvent A and Solvent

B (71 : 29). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

System suitability solution—Dissolve suitable quantities of

USP Isotretinoin RS and USP Tretinoin RS in Diluent to

obtain a solution having known concentrations of about 0.04

mg per mL of isotretinoin and 0.02 mg per mL of tretinoin.

Standard preparation—Dissolve an accurately weighed

quantity of USP Isotretinoin RS in Diluent, and dilute with

Diluent, stepwise if necessary, to obtain a solution having a

known concentration of about 0.04 mg per mL.

Assay stock preparation—Transfer not less than 10

Capsules to a suitable volumetric flask. Add Diluent to the

volumetric flask to fill about 50% of the volume, sonicate for

1 hour with occasional shaking to disperse all the contents,

and make up the volume with Diluent to obtain a solution

having a known concentration of about 0.4 mg per mL of

isotretinoin.

Assay preparation—Transfer 5 mL of the Assay stock

preparation to a 50-mL volumetric flask, and dilute with

Diluent to volume. Pass the solution through a suitable 0.45-

mm or finer porosity membrane filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 353-nm detector

and a 4.6-mm 6 25-cm column containing packing L1. The

flow rate is about 1.5 mL per minute. Chromatograph the

System suitability solution, and record the peak areas as

directed for Procedure: the relative retention times for

isotretinoin and tretinoin are about 1.0 and 1.3, respectively;

the resolution, R, between isotretinoin and tretinoin is not less

than 2.0; the tailing factor for the isotretinoin peak is not

greater than 2.0; and the column efficiency determined from

the isotretinoin peak is not less than 2000. Chromatograph the

Standard preparation, and record the peak areas as directed

for Procedure: the relative standard deviation for replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the areas for the major peaks. Calculate the quantity, in mg, of

isotretinoin (C20H28O2) in each of the Capsules taken by the

formula:

10(CV/N)(rU / rS)

in which C is the concentration, in mg per mL, of isotretinoin

in the Standard preparation; V is the volume, in mL, of the

volumetric flask used to prepare the Assay stock preparation;
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N is the number of Capsules taken; and rU and rS are the

isotretinoin peak areas obtained from the Assay preparation

and the Standard preparation, respectively.&1S (USP32)

BRIEFING

Itraconazole. Because there is no existing USP monograph for
this drug substance, a new monograph is being proposed based on
the monograph published in European Pharmacopoeia 5.8. The
liquid chromatographic procedure in the test for Related compounds
is based on the analysis performed with a Thermo Electron Hypersil
BDS C18 brand of column containing 3-mm packing L1. The typical
retention times for miconazole and itraconazole are about 10.5
minutes and 11 minutes, respectively.

(MD-AA: B. Davani; F. Mao) RTS—C49309

Add the following:

&Itraconazole

C35H38Cl2N8O4 705.63

3H-1,2,4-Triazol-3-one, 4-[4-[4-[4-[[2-(2,4-dichlorophenyl)-

2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-4-

yl]methoxy]phenyl]-1-piperazinyl]phenyl]-2,4-dihydro-

2-(1-methylpropyl)-.

(+)-1-sec-Butyl-4-[p-[4-[p-[[(2R*,4S*)-2-(2,4-dichlorophe-

nyl)-2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-4-

yl]methoxy]phenyl]-1-piperazinyl]phenyl]-�2-1,2,4-tria-

zolin-5-one [84625-61-6].

» Itraconazole contains not less than 98.5 percent

and not more than 101.5 percent of C35H38Cl2N8O4,

calculated on the dried basis.

Packaging and storage—Preserve in tight, light-resistant

containers, and store at room temperature.

USP Reference standards h11i—USP Itraconazole RS. USP

Miconazole RS.

Identification—

A: Infrared Absorption h197Ki.

Angular rotation h781Ai—between –0.108 and +0.108,

measured at 208.

Test solution: 100 mg per mL, in methylene chloride.

Melting range h741i: between 1668 and 1708.

Loss on drying h731i—Dry about 1 g at 1058 for 4 hours: it

loses not more than 0.5% of its weight.

Residue on ignition h281i: not more than 0.1%, deter-

mined on 1.0 g.

Related compounds—

Solution A—0.08M tetrabutylammonium hydrogen sulfate.

Solution B—acetonitrile.

Diluent—Prepare a mixture of methanol and tetrahydrofu-

ran (1 : 1).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Itraconazole RS in Diluent, stepwise if necessary,

to obtain a solution having a known concentration of about

0.05 mg per mL.

Resolution solution—Dissolve suitable quantities of USP

Itraconazole RS and USP Miconazole in RS in Diluent to

obtain a solution having known concentrations of about 0.05

mg each per mL.

Test solution—Dissolve an accurately weighed quantity of

Itraconazole in Diluent to obtain a solution having a known

concentration of about 10 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 225-nm detector

and a 4.6-mm 6 10-cm column that contains 3-mm packing
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L1. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 308. The chromatograph is

programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–20 80?50 20?50 linear gradient

20–25 50 50 isocratic

25–30 80 20 equilibration

[NOTE—Equilibrate the column for at least 30 minutes with

acetonitrile at a flow rate of 1.5 mL per minute and then

equilibrate at the initial eluent composition for at least 5

minutes.] Chromatograph the Resolution solution, and record

the peak responses as directed for Procedure: the resolution,

R, between miconazole and itraconazole is not less than 2.0.

Procedure—Separately inject equal volumes (about 10 mL)

of the Diluent, the Standard solution and the Test solution

into the chromatograph and record the chromatograms.

Calculate the percentage of each impurity in the portion of

Itraconazole taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of

itraconazole in the Standard solution; CU is the concentration,

in mg per mL, of Itraconazole in the Test solution; rU is the

peak area for each impurity in the Test solution; and rS is the

peak area for itraconazole in the Standard solution: not more

than 0.5% of any impurity is found; not more than 1.25% of

total impurities is found. Disregard any peak observed in the

Diluent and any peak less than 0.05%.

Assay—

Diluent—Prepare a mixture of methyl ethyl ketone and

glacial acetic acid (7 : 1).

Procedure—Dissolve about 0.3 g of Itraconazole, accurate-

ly weighed, in 70 ml of Diluent. Titrate with 0.1M perchloric

acid, determining the end-point potentiometrically at the

second inflection point. 1 mL of 0.1M perchloric acid is

equivalent to 35.3 mg of C35H38Cl2N8O4.&2S (USP32)

BRIEFING

Ivermectin Tablets, page 918 of PF 33(5) [Sept.–Oct. 2007]. It is
proposed to correct the concentration of the Standard stock solution
in the Dissolution test.

(BPC: M. Marques) RTS—C65190

Add the following:

&Ivermectin Tablets

» Ivermectin Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of Ivermectin components H2B1a

(C48H74O14) plus H2B1b (C47H72O14). They may

contain a suitable antioxidant.

Packaging and storage—Preserve in well-closed containers,

and store at a temperature below 308.

USP Reference standards h11i—USP Ivermectin RS. USP

3-tert-Butyl-4-hydroxyanisole RS.

Identification—The retention times of the H2B1a and H2B1b

peaks in the chromatogram of the Assay preparation

correspond to those in the chromatogram of the Standard

preparation, as obtained in the Assay.

Change to read:

Dissolution h711i—

Medium: 0.01M phosphate buffer, pH 7, with 0.5% of

sodium dodecyl sulfate (prepared by dissolving 50 g of

sodium dodecyl sulfate in approximately 9 L of water, adding

100 mL of 1M monobasic sodium phosphate monohydrate,

adjusting with sodium hydroxide to a pH of 7, and diluting

with water to 10 L); 900 mL.

Apparatus 2: 50 rpm.

Time: 45 minutes.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
948 IN-PROCESS REVISION Vol. 34(4) [July–Aug. 2008]



Determine the amount of C48H74O14 (component H2B1a)

plus C47H72O14 (component H2B1b) dissolved by employing

the following method.

Mobile phase—Prepare a degassed solution of acetonitrile,

methanol, and water (53 : 35 : 12).

Standard stock solution—Prepare a 9 mg &0.13

mg&2S (USP32) per mL solution of USP Ivermectin RS in

Medium.

Standard solution—Using the accompanying table, dilute

the Standard stock solution with Medium to volume, and mix.

Tablet

Strength

(mg per

Tablet)

Required

Dilution

Ratio

Volume of

Standard

stock

solution (mL)

Volumetric

Flask Size

(mL)

3.0 1 in 40 5.0 200

6.0 1 in 20 5.0 100

Test solution—Pass a portion of the solution under test

through a suitable filter, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 245-nm detector

and a 4.6-mm 6 10-cm column that contains 5-mm packing

L1. The flow rate is about 1.2 mL per minute. The column

temperature is maintained at 308. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the relative retention times are about 0.81 for

H2B1b and 1.0 for H2B1a; the resolution, R, between the H2B1a

and H2B1b peaks is not less than 1.5; the capacity factor, k ’,

for the H2B1a peak is not less than 4; the column efficiency

determined from both the H2B1a and H2B1b peaks is not less

than 1500 theoretical plates; the tailing factor for the H2B1a

peak is not more than 2; and the relative standard deviation

for replicate injections for the H2B1a peak is not more than

2.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Test solution and the Standard solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the combined

quantities, in percentage, of H2B1a plus H2B1b dissolved

based on the peak responses obtained from the Test solution

and the Standard solution by the formula:

[100(AU)(WS)(P)(DU)]/[(AS)(DS)L]

in which AU is the total peak area of H2B1a plus H2B1b obtained

from the Test solution; WS is the weight, in mg, of the USP

Ivermectin RS taken to prepare the Standard stock solution; P

is the purity of the USP Ivermectin RS (percent [w/w] H2B1a

plus percent [w/w] H2B1b), expressed as a decimal; DU is the

Test solution dilution factor; AS is the total peak area of H2B1a

plus H2B1b obtained from the Standard solution; DS is the

Standard solution dilution factor; and L is the label claim of

ivermectin, in mg per Tablet.

Tolerances—Not less than 80% (Q) of the labeled amount

of C48H74O14 (H2B1a ) plus C47H72O14 (H2B1b ) is dissolved in

45 minutes.

Uniformity of dosage units h905i: meet the requirements

for Content uniformity.

PROCEDURE FOR CONTENT UNIFORMITY—

Mobile phase—Prepare as directed in the Assay.

Standard solution A—Use the Standard preparation from

the Assay.

Standard solution B—Dissolve an accurately weighed

quantity of USP Ivermectin RS in methanol to obtain a

solution containing 0.125 mg per mL.

Stock sensitivity solution (1%)—Use the Stock sensitivity

solution (1%) from the Assay.

Sensitivity solution (0.2%)—Use the Sensitivity solution

(0.2%) from the Assay.

Test solution—Transfer 1 Tablet into each of ten 25-mL

volumetric flasks. Add 5.0 mL of water, and sonicate for 10

minutes. Add approximately 15 mL of methanol, sonicate for

5 minutes, and mix. Allow the solution to cool to room

temperature. Dilute with methanol to volume, and mix. Pass a

portion of each solution through a 1.0- to 1.2-mm chemically

resistant filter prior to analysis.
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Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay.

Procedure—Separately inject equal volumes (about 10 mL)

of Standard solution A (for the 6 mg per Tablet dose) or

Standard solution B (for the 3 mg per Tablet dose), the

Sensitivity solution (0.2%), and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses of the ivermectin peaks. Calculate the quantity as a

percentage of the label claim of ivermectin per Tablet taken

by the formula:

[100(AU)(WS)(P)(DU)]/[(AS)(DS)L]

in which AU is peak area of H2B1a plus the peak area of H2B1b

obtained from the Test solution; WS is the weight, in mg, of

the USP Ivermectin RS taken to prepare Standard solution A

or Standard solution B; P is the purity of USP Ivermectin RS

(percent [w/w] H2B1a plus percent [w/w] H2B1b), expressed as

a decimal; DU is the Test solution dilution factor; AS is the

peak area of the H2B1a plus the peak area of H2B1b obtained

from Standard solution A or Standard solution B; DS is the

Standard solution A or Standard solution B dilution factor;

and L is the label claim of ivermectin, in mg per Tablet.

Limit of 8a-oxo-H2B1a—

Mobile phase—Proceed as directed in the Assay.

BHA Working Standard solution—Dissolve an accurately

weighed quantity of USP 3-tert-Butyl-4-hydroxyanisole RS

in methanol, and dilute quantitatively, and stepwise if

necessary, to obtain a solution having a known concentration

of about 0.96 mg per mL.

Test solution—Use the Assay preparation.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The column temperature is maintained at 308. The flow

rate is about 1.2 mL per minute. Chromatograph the BHA

Working Standard solution and the Test solution, and record

the peak responses as directed for Procedure: the relative

retention times at 280 nm are about 0.24 for BHA, 0.77 for

8a-oxo-H2B1a, and 1.0 for H2B1a.

Procedure—Separately inject equal volumes (about 10 mL)

of the BHA Working Standard solution and the Test solution

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

percentage of 8a-oxo-H2B1a as a percentage of the label claim

of ivermectin in the portion of Tablets taken by the formula:

[100(AD)(WS)(P)(DU)(CF)]/[(AS)(DS)(N)(L)(F)]

in which AD is the peak area of 8a-oxo-H2B1a obtained from

the Test solution; WS is the weight of USP 3-tert-Butyl-4-

hydroxyanisole RS, in mg, taken to prepare the BHA Working

Standard solution; P is the purity of USP 3-tert-Butyl-4-

hydroxyanisole RS, expressed as a decimal; DU is the Test

solution dilution factor; CF is the correction factor (equal to

0.98) used to convert mg of 8a-oxo-H2B1a to mg of

ivermectin; AS is the peak area of BHA obtained from the

BHA Working Standard solution; DS is the BHA Working

Standard solution dilution factor; N is the number of Tablets

taken to prepare the Test solution; L is the label claim of

ivermectin, in mg per Tablet; and F is the relative response

factor (equal to 1.0): not more than 2.0% of 8a-oxo-H2B1a is

found. [NOTE—The correction factor, CF , (equal to 0.98) is

calculated by the following formula:

[0.90 (molecular weight of H2B1a) + 0.10 (molecular weight

of H2B1b)]/(molecular weight of 8a-oxo-H2B1a) = 873.10/

889.10 = 0.98]

Assay—

Mobile phase—Prepare a mixture of acetonitrile, methanol,

and water (53 : 35 : 12). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Ivermectin RS in methanol to obtain a

solution containing 0.25 mg per mL.
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Stock sensitivity solution (1%)—Quantitatively prepare a

1 in 100 dilution of the Standard solution in methanol.

Sensitivity solution (0.2%)—Quantitatively prepare a 1 in 5

dilution of the Stock sensitivity solution (1%) in methanol.

Assay preparation—Transfer the appropriate number of

Tablets into a 250-mL volumetric flask according to the

accompanying table:

Tablet Strength

(mg per Tablet)

Number of

Tablets

3.0 20

6.0 10

Add approximately 25 mL of water, and sonicate for 10

minutes. Add methanol to fill the flask three-quarters full,

sonicate for 5 minutes or until the Tablets are completely

disintegrated, and shake until mixed well. Allow the solution

to cool to room temperature. Dilute with methanol to volume,

add a magnetic stirrer, and mix until no lumps are present in

the solution. Pass a portion of this solution through a 1.0- to

1.2-mm chemically resistant filter prior to injection.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 245-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1.2 mL per minute. The column

temperature is maintained at 308. Chromatograph the

Sensitivity solution (0.2%) and the Standard preparation at

245-nm detection, and record the peak responses as directed

for Procedure: the signal-to-noise ratio for the ivermectin

peak obtained from the Sensitivity solution (0.2%) is not less

than 10; obtained from the Standard preparation, the relative

retention times are about 0.82 and 1.0 for components H2B1b

and H2B1a, respectively; the capacity factor, k ’, for the

component H2B1b is not less than 3; the column efficiency for

component H2B1a is not less than 1500 theoretical plates; the

tailing factor for component H2B1a is not more than 2; and the

relative standard deviation for the area response for total

ivermectin (H2B1a plus H2B1b) for replicate injections is not

more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak areas for component H2B1a plus component H2B1b.

Calculate the percentage of component H2B1a (C48H74O14) plus

component H2B1b (C47H72O14) as a percentage of the label

claim of ivermectin per Tablet taken by the formula:

[100(AU)(WS)(P)(DU)]/[(AS)(DS)(N)(L)]

in which AU is the total peak response of H2B1a plus H2B1b

obtained from the Assay preparation; WS is the weight of the

USP Ivermectin RS, in mg, taken to prepare the Standard

preparation; P is the purity of the USP Ivermectin RS

(percent [w/w] H2B1a plus percent [w/w] H2B1b), expressed as

a decimal; DU is the sample dilution factor; AS is the total peak

area of H2B1a plus H2B1b obtained from the Standard

preparation; DS is the Standard dilution factor; N is the

number of Tablets taken to prepare the Assay preparation;

and L is the label claim of ivermectin, in mg per

Tablet.&2S (USP31)

BRIEFING

Ketoprofen Extended-Release Capsules, page 1378 of PF 31(5)
[Sept.–Oct. 2005]. It is proposed to add a Dissolution test to this
monograph.

(BPC: M. Marques) RTS—C55260

Add the following:

&Ketoprofen Extended-Release Capsules

» Ketoprofen Extended-Release Capsules contain

not less than 90.0 percent and not more than 110.0

percent of the labeled amount of ketoprofen

(C16H14O3).
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Packaging and storage—Preserve in tight containers, and

store at controlled room temperature.

USP Reference standards h11i—USP Ketoprofen RS. USP

Ketoprofen Related Compound A RS.

Identification—

A: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

B: Ultraviolet Absorption h197Ui—The UV spectrum

obtained from the Test solution in the Procedure for the

Dissolution section corresponds to the spectrum obtained

from the Standard solution.

Water, Method I h921i: not more than 3.0%.

Dissolution h711i—

Medium: pH 6.8 phosphate buffer; 1000 mL.

Apparatus 2: 50 rpm.

Time: 1, 4, and 8 hours.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Ketoprofen RS in Medium, and dilute

quantitatively, and stepwise if necessary, with Medium to

obtain a solution having a known concentration of about 0.1

mg per mL.

Capsule blank—Place 10 empty, clean Capsules of the

appropriate dosage into a 1000-mL volumetric flask. Add

aproximately 800 mL of Medium at 378. Stir until all the

Capsules are disintegrated. Allow to equilibrate to room

temperature, and dilute with Medium to volume. Transfer

100.0 mL to a 1000-mL volumetric flask, and dilute with

Medium to volume. Pass through a suitable filter having a

porosity of 10 mm, then pass through a suitable filter having a

porosity of 0.45 mm. For Capsules labeled to contain 200 mg:

transfer 25.0 mL to a flask, and add 25.0 mL of Medium. For

Capsules labeled to contain 150 mg: transfer 30.0 mL to a

flask, and add 15.0 mL of Medium. For Capsules labeled to

contain 100 mg: no further dilution is necessary.

Test solution—Pass a portion of the solution under test

through a suitable filter having a porosity of 10 mm, then pass

through a suitable filter having a porosity of 0.45 mm. For

Capsules labeled to contain 200 mg: transfer 5.0 mL of the

final filtrate to a test tube, and add 5.0 mL of Medium. For

Capsules labeled to contain 150 mg: transfer 6.0 mL of the

final filtrate to a test tube, and add 3.0 mL of Medium. For

Capsules labeled to contain 100 mg: no further dilution is

necessary.

Procedure—Determine the amount of ketoprofen dissolved

by employing UV absorption at the wavelength of maximum

absorbance at about 258 nm on portions of the Test solution

and Capsule blank in comparison with the Standard solution,

using Medium as blank. Calculate the concentration, in mg

per mL, of the sample withdrawn at each time point by the

formula:

in which AU, ACB, and AS are the absorbances obtained with the

Test solution, the Capsule blank, and the Standard solution,

respectively; and CS is the concentration, in mg per mL, of the

Standard solution.

Calculate the percentage of ketoprofen dissolved at each

time point by the formula shown below, in which:

D amount dissolved (mg/mL) = Volume (mL) remaining

before draw 6 concentration (mg/mL) of sample withdrawn

at each time point

R amount removed (mg) = Volume (mL) of sample

withdrawn 6 concentration (mg/mL) of sample withdrawn

at each time point
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100 = conversion factor to percentage

L = Capsule label claim, in mg

Tolerances—The percentage of the labeled amount of

ketoprofen released at the times specified conforms to

Acceptance Table 2.

Time (hours) Amount dissolved

1 between 10% and 25%

4 between 55% and 80%

8 not less than 80%

Uniformity of dosage units h905i: meets the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—[NOTE—Protect

the Standard solution and Test solution from light.]

Mobile phase and Resolution solution—Proceed as directed

in the Assay.

Standard solution—Prepare as directed for the Standard

preparation in the Assay.

Test solution—Transfer the contents of 10 Capsules,

1 Capsule each, to each of ten 250-mL volumetric flasks,

add about 150 mL of Mobile phase to each flask, and stir for

2 hours. Dilute with Mobile phase to volume, and mix.

Centrifuge, and pipet a volume of clear supernatant that

contains about 2.4 mg of ketoprofen into a 100-mL

volumetric flask. Dilute with Mobile phase to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. Chromatograph the

Resolution solution, and record the responses as directed for

Procedure: the resolution, R, between ketoprofen and

ketoprofen related compound A is not less than 3.0; and the

tailing factor for the ketoprofen peak is not more than 1.5.

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the relative standard

deviation for six replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

major peak responses. Calculate the percent of C16H14O3 in

each Capsule by the formula:

(TC/D)(rU / rS)

in which T is the labeled quantity, in mg, of ketoprofen in the

Capsule; C is the concentration, in mg per mL, of ketoprofen

in the Standard solution; D is the concentration, in mg per

mL, of ketoprofen in the Test solution based upon the labeled

quantity per Capsule and the extent of dilution; and rU and rS

are the ketoprofen peak responses obtained from the Test

solution and the Standard solution, respectively.

Assay—[NOTE—Protect the Standard preparation and Assay

preparation from light.]

Mobile phase—Prepare a filtered and degassed mixture of

water, acetonitrile, and glacial acetic acid (110 : 90 : 1). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Resolution solution—Prepare a solution containing about

0.25 mg per mL of USP Ketoprofen RS and 0.5 mg per mL of

USP Ketoprofen Related Compound A RS in Mobile phase.

Pipet 4.0 mL of this solution into a 50-mL volumetric flask,

dilute with Mobile phase to volume, and mix.

Standard preparation—Transfer about 24 mg of USP

Ketoprofen RS, accurately weighed, to a 100-mL volumetric

flask, add 25 mL of Mobile phase, and mix. Dilute with

Mobile phase to volume, and mix. Pipet 10.0 mL of this

solution into a 100-mL volumetric flask, dilute with Mobile

phase to volume, and mix.

Assay preparation—Remove completely the contents of not

fewer than 20 Capsules, and accurately transfer a quantity of

the beads, equal to about 200 mg of ketoprofen, to a 250-mL

volumetric flask. Add 150 mL of Mobile phase to volume,

and mix. Centrifuge, and pipet 3.0 mL of clear supernatant
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that contains about 2.4 mg of ketoprofen into a 200-mL

volumetric flask. Dilute with Mobile phase to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm L1

packing. The flow rate is about 1.2 mL per minute.

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure: the resolution, R,

between ketoprofen and ketoprofen related compound A is

not less than 3.0; and the tailing factor for the ketoprofen peak

is not more than 1.5. Chromatograph the Standard prepara-

tion, and record the peak responses as directed for Procedure:

the relative standard deviation for replicate injections of the

Standard preparation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

mg, of ketoprofen (C16H14O3) in the portion of Capsules taken

by the formula:

CD(rU / rS)

in which C is the concentration, in mg per mL, of USP

Ketoprofen RS in the Standard preparation; D is the dilution

factor used in preparing the Assay preparation; and rU and rS

are the peak responses obtained from the Assay preparation

and the Standard preparation, respectively.&2S (USP32)

BRIEFING

Levothyroxine Sodium Oral Powder, USP 31 page 2524. It is
proposed to add an Identification test based on the HPLC retention
time agreement of the major peaks in the Assay preparation and the
Standard preparation.

(VET: E. Gonikberg; I. DeVeau) RTS—C65347

Add the following:

&Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, as obtained in

the Assay.&2S (USP32)

BRIEFING

Levothyroxine Sodium Tablets, USP 31 page 2525 and page 100
of PF 34(1) [Jan–Feb. 2008); Liotrix Tablets, USP 31 page 2537. It
is proposed to replace the TLC test for Identification with the HPLC
retention time agreement of the major peaks in the Assay preparation
and the Standard preparation. The proposed revisions are consistent
with current pharmaceutical industry practice and eliminate the use
of toxic sodium arsenite.

(MD-GRE: E. Gonikberg) RTS—C64691

Change to read:

» Levothyroxine Sodium Tablets contain not less than
90.0 percent and not more than 110.0 percent

~not less than 95.0 percent and not more than 105.0

percent~USP32

of the labeled amount of levothyroxine sodium
(C15H10I4NNaO4).

(Official October 3, 2009)

Change to read:

Identification—
Solvent system—Mix 5 volumes of tert-amyl alcohol, 4 volumes

of water, and 1 volume of ammonium hydroxide, shake, and allow to
stand. Transfer the upper phase to a suitable chromatographic
chamber arranged for thin-layer chromatography, pouring it over the
paper lining, cover the chamber, and allow to stand for 1 hour.
Detection reagent—Add 65 mL of 2N hydrochloric acid to 50 mL

of a 1 in 10 solution of sodium arsenite in 1N sodium hydroxide,
with vigorous stirring. Mix 1 volume of this solution with 5 volumes
of a 27 in 1000 solution of ferric chloride in 2N hydrochloric acid
and 5 volumes of freshly prepared potassium ferricyanide solution
(35 in 1000).
Standard solution—Prepare a solution of about 15 mg of USP

Levothyroxine RS, accurately weighed, in 100 mL of a mixture of
19 volumes of methanol and 1 volume of ammonium hydroxide.
Dilute 10.0 mL of this solution with the same solvent to 50.0 mL,
and mix.
Test solution—Shake an amount of powdered Tablets, equivalent

to about 60 mg of levothyroxine sodium, with 2 mL of a mixture of
19 volumes of methanol and 1 volume of ammonium hydroxide in a
centrifuge tube for 10 minutes, and centrifuge.
Procedure—Apply 10-mL volumes of the Test solution and of the

Standard solution, respectively, to a thin-layer chromatographic plate
coated with a 0.1-mm layer of cellulose. Develop the plate in the
Solvent system until the solvent front has moved not less than 10 cm
beyond the point of application of the Test solution, air-dry, and
spray the plate with Detection reagent: the chromatogram of the Test
solution shows a blue spot corresponding in RF value to the
chromatogram from the levothyroxine Standard solution.
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&The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to the levothyroxine peak

in the chromatogram of the Standard preparation, as obtained

in the Assay.&2S (USP32)

BRIEFING

Liothyronine Sodium Tablets, USP 31 page 2536. It is proposed
to revise the Identification section by replacing the wet chemistry
tests with an HPLC retention time agreement of the major peak in
the Assay preparation and the liothyronine peak in the Standard
preparation. The proposed revision is consistent with current
pharmaceutical industry practice.

(MD-GRE: E. Gonikberg) RTS—C64691

Change to read:

Identification—
A: Mix a portion of finely powdered Tablets, equivalent to about

0.1 mg of liothyronine, with an equal amount of anhydrous
potassium carbonate, and transfer to a crucible. Ignite the crucible
at 7008 for 5 minutes, and cool. Add 5 mL of water to the crucible,
heat on a steam bath for 5 minutes, cool, and filter. To the filtrate add
1 mL of chloroform, 1 mL of dilute phosphoric acid (1 in 2), and
1 mL of sodium nitrite solution (1 in 100), shake vigorously, and
allow to separate: the chloroform layer is colored purple.
B: Shake a portion of finely powdered Tablets, equivalent to 0.1

mg of liothyronine, with 15 mL of water for 1 minute. Add 2 drops
of hydrochloric acid and 10 mL of butyl alcohol, and shake for
1 minute. Centrifuge the mixture for 5 minutes. Remove as much as
possible of the clear, upper layer by means of a pipet, and evaporate
it on a steam bath until the odor of butyl alcohol is no longer present.
Add 3 drops of methanol to the residue, and rotate the container to
wet the contents thoroughly. Transfer, with the aid of a capillary
tube, as much of the methanol as possible to a small area on a filter
paper. When the filter paper is dry, spray it with diazotized
sulfanilamide, prepared by mixing 5 mL of a 1 in 100 solution of
sulfanilamide in dilute hydrochloric acid (1 in 10) with 5 mL of
sodium nitrite solution (1 in 20) for 1 minute, adding butyl alcohol to
make 50 mL, shaking for 1 minute, allowing to stand for 4 minutes,
and decanting the butyl alcohol layer to be used as the spraying
solution. Dry the filter paper in a stream of air, and spray it with
sodium carbonate solution (1 in 10): pink color is produced on the
paper in the area where the test specimen was applied.

&The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to the liothyronine peak in

the chromatogram of the Standard preparation, as obtained in

the Assay.&2S (USP32)

BRIEFING

Liotrix Tablets, USP 31 page 2537—See briefing under
Levothyroxine Sodium Tablets.

(MD-GRE: E. Gonikberg) RTS—C64692

Change to read:

Identification—
Solvent system—Place a suitable volume of tert-amyl alcohol in a

separator, add an equal volume of 3N ammonium hydroxide, and
shake to equilibrate. Discard the lower layer, and transfer the upper
layer to the developing chamber, cover the chamber, and allow to
stand for 1 hour before using.
Detection reagent—Add 65 mL of 2N hydrochloric acid to 50 mL

of a solution of sodium arsenite in 1N sodium hydroxide (1 in 10),
with vigorous stirring. Mix 1 volume of this solution with 5 volumes
of a solution of ferric chloride in 2N hydrochloric acid (27 in 1000)
and 5 volumes of freshly prepared potassium ferricyanide solution
(35 in 1000).
Standard preparations—Prepare a solution of about 15 mg of USP

Levothyroxine RS, accurately weighed, in 100 mL of a mixture of
methanol and 3N ammonium hydroxide (1 : 1). Prepare a solution of
about 4 mg of USP Liothyronine RS, accurately weighed, in the
same solvent mixture. Dilute 20.0 mL of each solution with the same
solvent to 100.0 mL.
Test preparation—Shake a quantity of powdered Tablets,

equivalent to about 60 mg of levothyroxine sodium and 15 mg of
liothyronine sodium, with 2 mL of a mixture of methanol and 3N
ammonium hydroxide (1 : 1) in a centrifuge tube for 10 minutes, and
centrifuge.
Procedure—Apply 10-mL volumes of the Test preparation and

each of the Standard preparations, respectively, to a thin-layer
chromatographic plate coated with a 0.25-mm layer of chromato-
graphic microcrystalline cellulose containing a fluorescent indicator.
Develop the plate until the solvent front has moved not less than 10
cm beyond the point of application, air-dry, and spray the plate with
Detection reagent: the chromatogram of the Test preparation shows
blue spots corresponding in RF value to the chromatograms from the
levothyroxine and liothyronine Standard preparations, respectively.

&The retention time of the two major peaks in the

chromatogram of the Assay preparation corresponds to the

levothyroxine and liothyronine peaks in the chromatogram of

the Standard preparation, as obtained in the Assay.&2S (USP32)
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BRIEFING

Lisinopril Tablets, USP 31 page 2538. It is proposed to add the
option of carrying out the Dissolution test either in pooled samples
or in unit samples.

(BPC: M. Marques) RTS—C55261

Change to read:

Dissolution h711i—
Medium: 0.1N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Determine the amount of lisinopril dissolved using the following

method.
Mobile phase and Chromatographic system—Prepare as directed

in the Assay.

&Determine the amount of lisinopril dissolved by one of the

following procedures.&2S (USP32)
PROCEDURE FOR POOLED SAMPLE—Proceed as directed for

Procedure in Apparatus 1 and Apparatus 2, Immediate-Release
Dosage Forms under Dissolution h711i. Combine equal volumes of
the filtered solutions of the 6 or 12 individual specimens withdrawn,
and use the pooled sample as the test solution. Inject a volume of the
pooled sample into the chromatograph, record the chromatogram,
and measure the response for the major peak. Calculate the quantity
of C21H31N3O5 dissolved in comparison with a Standard solution
having a known concentration of USP Lisinopril RS in the same
Medium and similarly chromatographed.
Tolerances—Not less than 80% (Q) of the labeled amount of

C21H31N3O5 in the Tablets is dissolved in 30 minutes: the
requirements are met if the quantities of active ingredient dissolved
from the pooled sample conform to the accompanying Acceptance
Table for a Pooled Sample. Continue testing through the three stages
unless the results conform at either S1 or S2. The quantity, Q, is the
amount of dissolved active ingredient specified, expressed as a
percentage of the labeled content.

Acceptance Table for a Pooled Sample

Stage
Number
Tested Acceptance Criteria

S1 6 Average amount dissolved is not less than Q
+ 10%.

S2 6 Average amount dissolved (S1 + S2) is equal
to or greater than Q + 5%.

S3 12 Average amount dissolved (S1 + S2 + S3) is
equal to or greater than Q.

PROCEDURE FOR UNIT SAMPLE—Proceed as directed for Procedure
in Apparatus 1 and Apparatus 2, Immediate-Release Dosage Forms
under Dissolution h711i. Inject a volume of a filtered portion of the
solution under test into the chromatograph, record the chromato-
gram, and measure the response for the major peak. Calculate the
amount of C21H31N3O5 dissolved in comparison with a Standard
solution having a known concentration of USP Lisinopril RS in the
Medium and similarly chromatographed.
Tolerances—Not less than 80% (Q) of the labeled amount of

C21H31N3O5 is dissolved in 30 minutes.

BRIEFING

Lisinopril and Hydrochlorothiazide Tablets, page 1182 of PF
33(6) [Nov.–Dec. 2007). It is proposed to add a Dissolution Test 2 to
this monograph. The chromatographic procedure in this test was
validated using a LiChrosorb RP-8 brand of column containing
packing L7.

(BPC: M. Marques) RTS—C63423

Add the following:

~Lisinopril and Hydrochlorothiazide
Tablets

» Lisinopril and Hydrochlorothiazide Tablets

contain not less than 90.0 percent and not more

than 110.0 percent of the labeled amount of

lisinopril (C21H31N3O5) and hydrochlorothiazide

(C7H8ClN3O4S2).

Packaging and storage—Preserve in well-closed containers,

and store at controlled room temperature.

Add the following:

&Labeling—When more than one Dissolution test is given,

the labeling states the test used only if Test 1 is not

used.&2S (USP32)

USP Reference standards h11i—USP Lisinopril RS. USP

Hydrochlorothiazide RS. USP Benzothiadiazine Related

Compound A RS. USP Lisinopril Related Compound A RS.

Identification—The retention times of the major peaks in the

chromatogram of the Assay preparation correspond to those

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Change to read:

Dissolution h711i—
&TEST 1—&2S (USP32)

Medium: 0.1N hydrochloric acid; 900 mL.
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Apparatus 2: 50 rpm.

Times: 45 minutes for hydrochlorothiazide, 30 minutes

for lisinopril.

Determine the amount of C21H31N3O5 and C7H8ClN3O4S2

dissolved by employing the following method.

Buffer solution and Mobile phase—Proceed as directed in

the Assay.

Lisinopril standard solution—Dissolve an accurately

weighed quantity of USP Lisinopril RS in Buffer solution

to obtain a solution having a known concentration of about

0.5 mg per mL.

Hydrochlorothiazide standard solution—Dissolve an ac-

curately weighed quantity of USP Hydrochlorothiazide RS in

methanol to obtain a solution having a known concentration

of about 3.12 mg per mL. Transfer 7 mL of this solution to a

50-mL volumetric flask, and dilute with methanol to volume.

Working standard solution—Transfer an appropriate aliquot

of Lisinopril standard solution and Hydrochlorothiazide

standard solution into a suitable volumetric flask, and dilute

with Medium to volume to obtain a solution containing

known concentrations of lisinopril and hydrochlorothiazide as

mentioned in Table 1.

Table 1

Tablet Strength

(mg per Tablet of

Lisinopril/

Hydrochlorothiazide)

CS

(mg per mL of

Lisinopril/

Hydrochlorothiazide)

10/12.5 0.01/0.013

20/12.5 0.02/0.013

20/25 0.02/0.026

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter, discarding the first few mL

of the filtrate.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. Chromatograph the Working

standard solution, and record the peak responses as directed

for Procedure: the tailing factor for both lisinopril and

hydrochlorothiazide peaks is less than 2; the theoretical plate

count for the hydrochlorothiazide peak is greater than 6000;

the resolution, R, between the lisinopril and hydrochlorothi-

azide peaks is greater than 4.0; and the relative standard

deviation for replicate injections is not more than 2.0% for

both lisinopril and hydrochlorothiazide peaks.

Procedure—Separately inject equal volumes (about 20 mL)

of the Working standard solution and the Test solution into

the chromatograph, record the chromatograms, measure the

response for the major peaks, and determine the amount, in

percentage, of C21H31N3O5 or C7H8ClN3O4S2 dissolved by the

formula:

in which rU and rS are the peak responses obtained from the

Test solution and the Working standard solution, respectively;

CS is the concentration, in mg per mL, of lisinopril and

hydrochlorothiazide as mentioned in Table 1; and L is the

Tablet label claim of lisinopril or hydrochlorothiazide, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C21H31N3O5 is dissolved in 30 minutes. Not less than 80%

(Q) of C7H8ClN3O4S2 is dissolved in 45 minutes.

&TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: 0.1N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Times: 30 minutes for both lisinopril and hydrochloro-

thiazide.

Buffer solution—Transfer 2.76 g of monobasic sodium

phosphate to a 1000-mL volumetric flask, dissolve in about

900 mL of water, adjust with phosphoric acid to a pH of 3.0,

and dilute with water to volume.
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Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and acetonitrile (94 : 6). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard stock solution 1 (for Tablets labeled to contain 10

mg /12 . 5 mg o r 20 mg /25 mg o f l i s i nop r i l /

hydrochlorothiazide)—Transfer about 22 mg of USP Lisin-

opril RS and 28 mg of USP Hydrochlorothiazide RS,

accurately weighed, to a 200-mL volumetric flask, add

3 mL of acetonitrile, sonicate until dissolved, and dilute with

Medium to volume.

Standard stock solution 2 (for Tablets labeled to contain 20

mg/12.5 mg of lisinopril/hydrochlorothiazide)—Transfer

about 44 mg of USP Lisinopril RS and 28 mg of USP

Hydrochlorothiazide RS, accurately weighed, to a 200-mL

volumetric flask, add 3 mL of acetonitrile, sonicate until

dissolved, and dilute with Medium to volume.

Working standard solution—Transfer an appropriate aliquot

of either Standard stock solution 1 or Standard stock solution

2 to a suitable volumetric flask, and dilute with Medium to

volume in such a way to obtain solutions with known

concentrations of lisinopril and hydrochlorothiazide as

described in Table 2.

Table 2

Tablet Strength

(mg per Tablet of Lisinopril/

Hydrochlorothiazide)

CS (mg per mL of

Lisinopril/

Hydrochlorothiazide)

10/12.5 0.011/0.014

20/12.5 0.022/0.014

20/25 0.022/0.028

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Chromatographic system (see Chromatography h621i—

The chromatograph is equipped with a 210 nm detector and a

4.6-mm 6 20-cm column that contains 5-mm packing L7.

The column is maintained at 508. The flow rate is about 1.0

mL per minute. Chromatograph the Working standard

solution, and record the peak responses as directed for

Procedure: the tailing factor for the lisinopril peak is not more

than 1.8 and not more than 1.5 for the hydrochlorothiazide

peak; the resolution, R, between the lisinopril and hydro-

chlorothiazide peaks is not less than 3.5; and the relative

standard deviation for replicate injections is not more than

2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Working standard solution and the Test solution into

the chromatograph, record the chromatograms, measure the

response for the major peaks, and determine the amounts, in

percentage, of lisinopril and hydrochlorthiazide dissolved by

the formula:

in which rU and rS are the peak responses obtained from the

Test solution and the Working standard solution, respectively;

CS is the concentration, in mg per mL, of lisinopril or

hydrochlorothiazide as described in Table 2; 900 is the

volume, in mL, of Medium; 100 is the conversion factor to

percentage; and L is the Tablet label claim of lisinopril or

hydrochlorothiazide, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of C21H31N3O5 is dissolved in 30 minutes. Not less than 75%

(Q) of the labeled amount of C7H8ClN3O4S2 is dissolved in 30

minutes.&2S (USP32)

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Buffer solution, Mobile phase, Benzothiadiazine related

compound A standard preparation, and Chromatographic

system—Proceed as directed in the Assay.

Standard solution 1—Use the Combined standard prepa-

ration, prepared as directed in the Assay.
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Standard solution 2—Transfer 2 mL of Benzothiadiazine

related compound A standard preparation into a 25-mL

volumetric flask, and dilute with Buffer solution to volume.

Test solution—Use the Assay preparation.

Procedure—Proceed as directed in the Assay. Separately

inject a volume (about 10 mL) of Standard solution 1 and

Standard solution 2 into the chromatograph, record the

chromatograms, and measure the peak responses. Calculate

the percentage of lisinopril related compound A and

benzothiadiazine related compound A in the portion of

Tablets taken by the formula:

100(CS /CU)(rU / rS)(MW1 /MW2)

in which CS is the concentration, in mg per mL, of USP

Lisinopril Related Compound A RS in Standard solution 1 or

USP Benzothiadiazine Related Compound A RS in Standard

solution 2; CU is the concentration, in mg per mL, of lisinopril

or hydrochlorothiazide in the Test solution; MW1 is the

molecular weight of lisinopril (405.5) [use for calculating the

percentage of lisinopril related compound A] or hydrochlo-

rothiazide (297.74) [use for calculating the percentage of

benzothiadiazine related compound A]; MW2 is the molecular

weight of the lisinopril related compound A (387.5) or

benzothiadiazine related compound A (285.74); and rU and rS

are the peak responses of lisinopril related compound A or

benzothiadiazine related compound A obtained from the Test

solution and Standard solution 1 or Standard solution 2,

respectively. Not more than 2% of lisinopril related

compound A is found and not more than 1% of benzothi-

adiazine related compound A is found.

Assay—[NOTE—The Tablets must be assayed within 24 hours

from the time they are put in solution.]

Buffer solution—Dissolve 4.08 g of monobasic potassium

phosphate in 800 mL of water. Adjust with phosphoric acid to

a pH of 2.5, dilute with water to 1 L, and mix well.

Mobile phase—Prepare a filtered mixture of water,

acetonitrile, phosphoric acid, and triethylamine (1480:

280 : 15 : 3). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Lisinopril standard preparation—Dissolve an accurately

weighed quantity of USP Lisinopril RS in Buffer solution to

obtain a solution having a known concentration of about 0.5

mg per mL.

Hydrochlorothiazide standard preparation—Dissolve an

accurately weighed quantity of USP Hydrochlorothiazide RS

in methanol to obtain a solution having a known concentra-

tion of about 3.12 mg per mL.

Lisinopril related compound A standard preparation—

Dissolve an accurately weighed quantity of USP Lisinopril

Related Compound A RS in methanol to obtain a solution

having a known concentration of about 0.05 mg per mL.

Benzothiadiazine related compound A standard

preparation—Dissolve an accurately weighed quantity of

USP Benzothiadiazine Related Compound A RS in methanol

to obtain a solution having a known concentration of about

0.016 mg per mL.

Combined standard preparation—Dilute appropriate

amounts of each of the above mentioned standard prepara-

tions quantitatively, and stepwise if necessary, with Buffer

solution to obtain a Combined standard solution having a

known concentration of about 0.1 mg per mL of USP

Lisinopril RS; 0.125 mg per mL of USP Hydrochlorothiazide

RS; 0.002 mg per mL of USP Lisinopril Related Compound

A RS; and 0.0013 mg per mL of USP Benzothiadiazine

Related Compound A RS. [NOTE—In the case of Tablet

strengths 20/12.5 of lisinopril and hydrochlorothiazide, the

concentration of lisinopril and lisinopril related compound A

in the Combined standard solution is 0.2 and 0.004 mg per

mL, respectively.]
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Assay stock preparation—Transfer 10 Tablets to a suitable

volumetric flask, add Buffer solution (0.25 mL per mg of total

lisinopril), sonicate for 5 minutes, and then add methanol (0.5

mL per mg of total lisinopril). Sonicate for an additional 10

minutes. Add more Buffer solution (0.75 mL per mg of total

lisinopril), and mix using a mechanical shaker for 20 minutes.

Dilute with water to volume to obtain a solution having a

known concentration of 0.4 mg per mL of lisinopril and 0.5

mg per mL of hydrochlorothiazide for Tablet strengths of 10/

12.5 and 20/25 of lisinopril and hydrochlorothiazide. In the

case of Tablet strengths 20/12.5 of lisinopril and hydrochlo-

rothiazide, dilute with water to obtain a concentration of

lisinopril and hydrochlorothiazide of 0.4/0.25 mg per mL.

Assay preparation—Dilute the Assay stock preparation

quantitatively with Buffer solution to obtain a solution having

a final concentration of about 0.1 mg per mL of lisinopril and

0.12 mg per mL of hydrochlorothiazide for tablet strengths of

10/12.5 and 20/25 of lisinopril and hydrochlorothiazide. In

the case of tablet strengths 20/12.5 of lisinopril and

hydrochlorothiazide, the concentration of lisinopril and

hydrochlorothiazide is 0.2/0.125 mg per mL. Pass a portion

of this solution through a filter having a 0.45-mm or finer

porosity, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L7. The flow rate is about 1.5 mL per minute, and the run

time is about 10 minutes. Chromatograph the Combined

standard preparation, and record the peak responses as

directed for Procedure: the resolution, R, between lisinopril

and benzothiadiazine related compound A is not less than 3.0

and between hydrochlorothiazide and benzothiadiazine

related compound A is greater than 4.0; the tailing factor

for lisinopril and hydrochlorothiazide peaks is less than 2; and

the relative standard deviation for replicate injections is not

more than 2.0% for lisinopril and hydrochlorothiazide peaks.

Procedure—Separately inject equal volumes (about 10 mL)

of the Combined standard preparation and the Assay

preparation into the chromatograph, record the chromato-

grams, and measure the responses for the major peaks.

Calculate the percentage of lisinopril (C21H31N3O5) and

hydrochlorothiazide (C7H8ClN3O4S2) based on the label

claim, in the portion of Tablets taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Lisinopril RS or USP Hydrochlorothiazide RS in the

Combined standard preparation; CU is the concentration, in

mg per mL, of lisinopril or hydrochlorothiazide in the Assay

preparation based on the label claim; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.~USP32
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BRIEFING

Midazolam. Because there is no existing USP monograph for this
drug substance, a new monograph is being proposed. The liquid
chromatographic procedure used in the test for Chromatographic
purity and in the Assay is based on analyses performed with the
Supelcosil LC-ABZ+Plus brand of L60 column (the LC-ABZ brand
is also suitable). The typical retention time for midazolam is about
15 minutes.

(MD-PS: D. Bempong) RTS—C50554

Add the following:

&Midazolam

C18H13ClFN3 325.77

4-H-Imidazo[1,5-a][1,4]benzodiazepine, 8-chloro-6-(2-fluor-

ophenyl)-1-methyl.

8-Chloro-6-(o-fluorophenyl)-1-methyl-4H-imidazo[1.5-

a][1,4]benzodiazepine [59467-70-8].

» Midazolam contains not less than 98.5 percent

and not more than 101.5 percent of C18H13ClFN3,

calculated on the dried basis.

Packaging and storage—Preserve in tight, light-resistant

containers.

USP Reference standards h11i—USP Midazolam RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Loss on drying h731i—Dry it at 1058 for 2 hours: it loses not

more than 0.5% of its weight.

Residue on ignition h281i: not more than 0.1%.

Chromatographic purity—

Ammonium acetate buffer and Mobile phase—Prepare as

directed in the Assay.

Standard solution—Prepare as directed for Standard

preparation in the Assay.

Sensitivity check solution—Dilute the Standard solution,

quantitatively and stepwise if necessary, with Mobile phase to

obtain a solution having a known concentration of about 0.2

mg per mL.

Test solution—Dissolve an accurately weighed quantity of

Midazolam in Mobile phase, and dilute quantitatively, and

stepwise if necessary, with Mobile phase to obtain a solution

having a concentration of about 0.2 mg per mL.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay, except to inject the Standard

solution instead of the Standard preparation. In addition,

chromatograph the Sensitivity check solution and the

Standard solution, and record the peak responses as directed

for Procedure: the ratio of the area of the midazolam peak of

the Standard solution to the area of the midazolam peak of the

Sensitivity check solution should be within 160 to 240.

Procedure—Inject a volume (about 25 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak responses. Calculate the percentage of

each impurity in the portion of Midazolam taken by the

formula:

100 (ri /F) / [(�(ri /F) + rT]

in which F is the relative response factor for each impurity, as

shown in Table 1; ri is the peak response for each individual

impurity in the Test solution; and rT is the peak response for
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midazolam in the Test solution: not more than 0.1% of any

individual impurity is found; and not more than 0.5% of total

impurities is found.

Table 1

Compound

Relative

Retention

Time

Relative

Response

Factor (Fi)

Reduced midazolam1 0.20 1.0

Reduced reduced mid-

azolam2

0.24 1.0

Amino compound3 0.25 0.5

Oxide midazolam4 0.46 1.3

Nitromethylene com-

pound5

0.76 1.0

Dihydromidazolam6 0.83 0.5

Midazolam 1.0 —

Desfluoromidazolam7 1.14 0.5

6H-isomer8 2.48 0.7

Unknown impurity — 1.0

1 8-chloro-3a,4-dihydro-6-(2-fluorophenyl)-1-methyl-3H-imida-
zo[1,5a][1,4]-benzodiazepine.
2 8-chloro-6-(2-fluorophenyl)-3a,4,5,6-tetrahydro-1-methyl-3H-imi-
dazo[1,5a][1,4]-benzodiazepine.
3 2-aminomethyl-7-chloro-2,3,-dihydro-5-(2-fluorophenyl-1H-1,4-
benzodiazepine.
4 8-chloro-6-(2-fluorophenyl)-1-methyl-4H-imdazo[1,5][1,4]-benzo-
diazepine-5-oxide.
5 7-chloro-1,3-dihydro-2-nitromethylene-5-(2-fluorophenyl)-2H-1,4-
benzodiazepine-4-oxide.
6 8-chloro-6-(2-fluorophenyl)-5,6-dihydro-1-methyl-4H-imida-
zo[1,5a][1,4]-benzodiazepine.
7 8-chloro-6-phenyl-1-methyl-4H-imidazo-[1,5a][1,4]-benzodiaze-
pine.
8 8-chloro-6-(2-fluorophenyl)-5,6-dihydro-1-methyl-6H-imida-
zo[1,5a][1,4]-benzodiazepine.

Assay—

Ammonium acetate buffer—Dissolve 7.7 g of ammonium

acetate in water, dilute with water to 1000 mL, and mix.

Adjust with glacial acetic acid to a pH of 5.5+ 0.1.

Mobile phase—Prepare a filtered and degassed mixture of

Ammonium acetate buffer and acetonitrile (2 : 1). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Midazolam RS in Mobile phase, and dilute

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution having a known concentration of about

0.04 mg per mL.

Assay preparation—Transfer about 20 mg of Midazolam,

accurately weighed, to a 100-mL volumetric flask. Dissolve

in and dilute with Mobile phase to volume. Dilute

quantitatively with Mobile phase to obtain a solution

having a concentration of about 0.04 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L60. The flow rate is about 1.5 mL per minute. Chromato-

graph the Standard preparation, and record the peak

responses as directed for Procedure: the column efficiency

is not less than 10,000 theoretical plates; the tailing factor for

midazolam is not more than 2.0; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the midazolam peaks. Calculate the

percentage of C18H13ClFN3 in the portion of Midazolam

taken by the formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

midazolam in the Standard preparation and the Assay

preparation, respectively; and rU and rS are the peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.&2S (USP32)
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BRIEFING

Minocycline Periodontal System. Because there is no existing
USP monograph for this drug product, a new monograph is being
proposed. The liquid chromatographic procedures in the test for
Related compounds and in the Assay are based on analyses
performed using a Supelcosil LC-8 brand of L7 column and a
LiChrosorb RP-8 brand of L7 guard column. The typical retention
time for epiminocycline and minocycline are 6.4 and 7.8 minutes,
respectively.

(MD-ANT: A. Wise; MSA: R. Tirumalai) RTS—C55182

Add the following:

&Minocycline Periodontal System

» Minocycline Periodontal System is an extended-

release formulation of Minocycline Hydrochloride

containing the equivalent of not less than 90.0

percent and not more than 120.0 percent of the

labeled amount of minocycline (C23H27N3O7).

Packaging and storage—Preserve in a tight, light-resistant

container, and store at controlled room temperature.

USP Reference standards h11i—USP Minocycline Hydro-

chloride RS.

Identification—

A: Ultraviolet Absorption h197Ui—

Test solution—Transfer an accurately weighed quantity of

the powder, equivalent to about 12 mg of minocycline

hydrochloride, to a 25-mL volumetric flask, add 5.0 mL of

dimethylformamide, and mix to dissolve. Dilute with water to

volume. Filter, and dilute 5.0 mL of this solution to 100.0 mL

with water to obtain a solution having a nominal concentra-

tion of about 0.024 mg of minocycline hydrochloride per mL.

Standard solution—Transfer an accurately weighed quan-

tity of USP Minocycline Hydrochloride RS to a suitable

volumetric flask, dissolve first in dimethylformamide, using

about 20% of the final volume, then dilute with water to

volume, and mix to obtain a solution having a known

concentration of about 0.48 mg of minocycline per mL.

Prepare a 1 : 20 dilution of this solution with water, to obtain a

solution having a known concentration of about 0.024 mg

minocycline hydrochloride per mL.

Procedure—The Test solution exhibits maxima at the same

wavelengths as the Standard solution, concomitantly mea-

sured between 250 and 450 nm.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Microbial limits h61i—The total aerobic microbial count

does not exceed 1000 cfu per g; the total combined molds and

yeasts count does not exceed 100 cfu per g; and the product

meets the requirements of the test for the absence of

Escherichia coli.

Drug release h724i: [To come.]

Uniformity of dosage units h905i: meets the requirements.

Water, Method I h921i: not more than 5.0%.

Related compounds—

Mobile phase, Diluent, System suitability solution, and

Chromatographic system—Prepare as directed in the Assay.

Test solution—Prepare as directed in the Assay preparation.

Procedure—Separately inject equal volumes (about 10 mL)

of the Test solution into the chromatograph, and record the

peak area responses of all peaks in the chromatogram.

Calculate the percentage of each of the related compounds in

the portion of Minocycline Periodontal System taken by the

formula:

(100)(ri / rs)

in which ri is the peak response of each impurity obtained

from the Test solution, and rs is the sum of all peaks in the

chromatogram, excluding those in the solvent front. Not more

than 6.0% of epiminocycline is found, and the total of all

other related compounds is not more than 3.5%.

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(4) [July–Aug. 2008] IN-PROCESS REVISION 963



Assay—[NOTE—The System suitability solution, the Standard

preparation, and the Assay preparation are to be refrigerated

immediately after preparation and during analysis, using a

refrigerated autosampler.]

Mobile phase—Prepare a mixture of 0.2M ammonium

oxalate solution, dimethylformamide, and 0.1M edetate

disodium (55 : 25 : 20), and adjust the solution to a pH of

6.3+ 0.2 with 0.4M aqueous tetrabutylammonium hydrox-

ide solution. Filter the solution through a 0.45-mm membrane

filter.

Diluent: a mixture of dimethylformamide and methanol

(1 : 1).

System suitability solution—Prepare a solution of USP

Minocycline Hydrochloride RS in water having an approx-

imate concentration of 2 mg per mL. Heat over a steam bath

for 60 minutes. To one part of this solution, add four parts of

Mobile phase and mix.

Standard preparation—[NOTE—Use low-actinic glassware.]

Dissolve an accurately weighed amount of USP Minocycline

Hydrochloride RS in Diluent to obtain a solution having a

known concentration of about 0.4 mg of minocycline per mL.

Assay preparation—[NOTE—Use low-actinic glassware.]

Mix the contents of not fewer than 10 dispensing units of

Minocycline Periodontal System. Transfer an accurately

weighed amount, equivalent to 10 mg of minocycline, into

a 25-mL volumetric flask, add Diluent, and sonicate for 2 to 5

minutes, or until the sample is dissolved. Dilute with Diluent

to volume, and mix to obtain a solution having a nominal

concentration of 0.4 mg of minocycline per mL, based on the

label claim.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 4.6-mm615-cm column containing 5-mm packing L7

and a 4.6-mm63-cm guard column containing 10-mm

packing L7. The flow rate is about 2 mL per minute. The

autosampler temperature is maintained at 58. Chromatograph

the System suitability solution, and record the peak responses

as directed for Procedure. Identify the epiminocycline and

minocycline peaks by their relative retention times, which are

about 0.81 and 1, respectively; the resolution, R, between

epiminocycline and minocycline is not less than 2.0; and the

tailing factor for the minocycline peak is not more than 2.0.

Chromatograph the Standard preparation, and record the

responses as directed for Procedure: the relative standard

deviation of the minocycline peak for replicate injections is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, and record the peak area responses of the

major peaks. Calculate the percent label claim of minocycline

(C23H27N3O7) in the portion of Minocycline Periodontal

System taken by the formula:

(P / 1000)(CS /CU)(rU / rS)(100)

in which (P / 1000) is the potency, converted from mg per mg

to mg per mg, of minocycline in USP Minocycline

Hydrochloride RS; CS is the concentration, in mg per mL,

of minocycline in the Standard preparation; CU is the

nominal concentration, in mg per mL of minocycline in the

Assay preparation; and rU and rS are the peak area responses

for minocycline obtained from the Assay preparation and the

Standard preparation, respectively.&2S (USP32)

BRIEFING

Mirtazapine, USP 31 page 2719 and page 861 of the Interim
Revision Announcement in PF 33(5) [Sept.–Oct. 2007]. On the basis
of comments received, the monograph is revised to be consistent
with that in European Pharmacopoeia, Edition 5.8. The following
revisions are proposed.

1. Add System suitability solution in the test for Related
compounds, and revise the system suitabilty requirement to
include a resolution requirement.

2. Revise the water content limit.
3. Add a table with specified impurities containing their names,

approximate relative retention times, relative retention factors,
and their corresponding limits in the test for Related
compounds.

4. Update all calculations to be consistent with the recommenda-
tions in Stimuli articles in PF 31(2), page 626 and PF 31(3),
page 960.

5. Rename the test for Chromaographic purity to Related
compounds.
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6. Correct the volume of water taken to dissolve the buffer used in
the Buffer solution in the Assay.

7. Simplify the monograph by including an Assay stock
preparation used in the test for Related compounds and for
preparing the Assay preparation in the Assay.

8. Revise the concentration of the Standard solution in the test for
Related compounds to match the European Pharmacopoeia.

9. Add a Note to disregard peaks at 0.05% or less of the main peak
that is calculated using the formula given under Procedure in
the test for Related compounds.

(MD-PP: R. Ravichandran; H. Ramanathan) RTS—C54061

Change to read:

USP Reference standards h11i—USP Mirtazapine RS.

&USP Mirtazapine Resolution Mixture RS.&2S (USP32)

Change to read:

Water, Method I h921i: not more than 1.0% for the anhydrous
form and between 1.0% and 3.5% for the hemihydrate form.

&not more than 3.5%.&2S (USP32)

Change to read:

Chromatographic purity—

&Related compounds—&2S (USP32)
Diluent, Buffer solution, and Mobile phase—Proceed as directed

in the Assay.

&System suitability solution—Dissolve a suitable quantity

of USP Mirtazapine Resolution Mixture RS in Diluent to

obtain a solution with a final concentration of about 1.5 mg

per mL.&2S (USP31)
Standard solution—Dissolve an accurately weighed quantity of

USP Mirtazapine RS in Diluent, and dilute quantitatively, and
stepwise if necessary, with Diluent to obtain a solution having a
known concentration of about 15 mg per mL.

&Dilute quantitatively a suitable volume of the Standard

preparation, as prepared in the Assay, with Diluent to obtain a

solution having a known concentration of about 0.0015 mg

per mL (1.5 mg per mL).&2S (USP32)
Test solution—Transfer about 150 mg of Mirtazapine, accurately

weighed, to a 100-mL volumetric flask, dissolve in and dilute with
Diluent to volume, and mix.

&Proceed as directed for the Assay stock preparation, as

prepared in the Assay.&2S (USP32)
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 240-nm detector and a
4.6-mm 6 25-cm column that contains packing L1. The flow rate is
about 1.5 mL per minute. The column temperature is maintained at
408. Chromatograph the

&System suitability solution. Identify the impurity peaks using

the relative retention time values given in Table 1. The

resolution between peaks due to impurity E and F is not less

than 1.5. Chromatograph the&2S (USP32)
Standard solution, and record the peak response as directed for
Procedure: the tailing factor is not more than 2.0; and the relative
standard deviation for replicate injections is not more than 10.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms for about twice the retention time of
mirtazapine, and measure the responses for the major peaks.

&Identify the impurity peaks using the relative retention time

values given in Table 1.

Table 1

Impurity Name

Approximate

RRT F Limit (%)

A1 0.2 0.8 0.1

B2 0.3 0.8 0.1

C3 0.35 1.0 0.1

D4 0.4 1.0 0.1

Mirtazapine 1.0 — —

E5 1.3 1.0 0.1

F6 1.35 5 0.1

Individual unspe-

cified impurity — — 0.10

Total impurities — — 0.5

1 (14bRS)-2-Methyl-1,2,3,4,10,14b-hexahydropyrazino[2,1-
a]pyrido[2,3-c][2]benzazepine 2-oxide.
2 [2-[(2RS)-4-Methyl-2-phenylpiperazin-1-yl]pyridin-3-yl]methanol.
3 (14bRS)-2-Methyl-3,4,10,14b-tetrahydropyrazinol[2,1-
a]pyrido[2,3-c][2]benzazepin-1(2H)-one.
4 (14bRS)-1,2,3,4,10,14b-Hexahydropyrazino[2,1-a]pyrido[2,3-
c][2]benzazepine.
5 (2RS)-4-Methyl-1-(3-methylpyridin-2-yl)-2-phenylpiperazine.
6 (14bRS)-2-Methyl-1,3,4,14b-tetrahydropyrazino[2,1-a]pyrido[2,3-
c]benzazepin-10(2H)-one.

&2S (USP32)
Calculate the percentage of each impurity in the portion of
Mirtazapine taken by the formula:

10,000F(C/W)(ri / rS)

C is the concentration, in mg per mL, of USP Mirtazapine RS in the
Standard solution; W is the weight, in mg, of Mirtazapine taken to
prepare the Test solution;in which ri is the peak response of any
impurity obtained from the Test solution; and rS respectively is the
mirtazapine peak response obtained from the Standard solution; F is
the relative response factor for the mirtazapine impurities and is
equal to 0.24 for 4-methyl-1-(3-methyl-pyridin-2-yl)-2-phenyl-
piperazine at a relative retention time of about 1.3, and 1.0 for any
other impurity; not more than 0.1% of any individual impurity is
found, and not more than 0.5% of total impurities is found. [NOTE—
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Disregard any peakrepresenting less than 0.05% of the main peak
and any peak that is due to the Diluent.]

&100(CS /CU)(ri / rS)(1/F)

in which CS is the concentration, in mg per mL, of USP

Mirtazapine RS in the Standard solution; CU is the

concentration, in mg per mL, of Mirtazapine in the Test

solution; ri is the peak response of any impurity obtained from

the Test solution; rS is the mirtazapine peak response obtained

from the Standard solution; and F is the corresponding

relative retention factor for the impurity obtained from Table

1. [NOTE—Disregard any peak with a result of 0.05% or less,

as calculated using the formula given above.]&2S (USP32)

Change to read:

Assay—
Diluent: a mixture of acetonitrile and water (50 : 50).
Buffer solution—Transfer about 36.0 g of tetramethylammonium

hydroxide pentahydrate to a 2000-mL volumetric flask, and dissolve
in about 1950 mL

&1900 mL&2S (USP32)
of water. While stirring, adjust with phosphoric acid to a pH of 7.4,
dilute with water to volume, and mix.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solut ion, acetonitr i le , methanol , and tetrahydrofuran
(65 : 15 : 12.5 : 7.5). Make adjustments if necessary (see System
Suitability under Chromatography h621i).
Standard preparation—Dissolve an accurately weighed quantity

of USP Mirtazapine RS in Diluent, and dilute quantitatively, and
stepwise if necessary, with Diluent to obtain a solution having a
known concentration of about 0.3 mg per mL.
Assay preparation—Transfer about 30 mg of Mirtazapine,

accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with Diluent to volume, and mix.

&Assay stock preparation—Dissolve a suitable quantity of

Mirtazapine with Diluent to obtain a solution with a final

known concentration of about 1.5 mg per mL.

Assay preparation—Quantitatively dilute a suitable volume

of the Assay stock preparation with Diluent to obtain a

solution with a final concentration of about 0.3 mg per

mL.&2S (USP32)
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 290-nm detector and a
4.6-mm 6 25-cm column that contains packing L1. The flow rate is
about 1.5 mL per minute. The column temperature is maintained at
408. Chromatograph the Standard preparation, and record the peak
response as directed for Procedure: the column efficiency is not less
than 7000 theoretical plates; the tailing factor is not more than 2.0;
and the relative standard deviation for replicate injections is not more
than 1.0%.

Procedure—Separately inject equal volumes (about 10 mL) of the
Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg,

&percentage&2S (USP32)
of C17H19N3 in the portion of Mirtazapine taken by the formula:

100C(rU / rS)

in which C is the concentration, in mg per mL, of USP Mirtazapine
RS in the Standard preparation;

&100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Mirtazapine RS in the Standard preparation; CU is the

concentration, in mg per mL, of Mirtazapine in the Assay

preparation;&2S (USP32)
and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively.

BRIEFING

Mupirocin Nasal Ointment. Because there is no existing USP
monograph for this drug product, a new monograph, based on
validated methods of analysis, is being proposed. The liquid
chromatographic procedures in the test for Related compounds and
the Assay are based on analyses performed using a Zorbax C8 brand
of L7 column. Typical retention times for pseudomonic acid D and
mupirocin are about 9 and 13 minutes, respectively.

(MD-ANT: A. Wise; MSA: R. Tirumalai) RTS—C42443

Add the following:

&Mupirocin Nasal Ointment

» Mupirocin Nasal Ointment contains a quantity of

Mupirocin Calcium equivalent to not less than 90.0

percent and not more than 105.0 percent of the

labeled amount of mupirocin (C26H44O9).

Packaging and storage—Preserve in collapsible tubes or in

well-closed containers, and store at controlled room temper-

ature.
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USP Reference standards h11i—USP Mupirocin Lithium

RS.

Identification—

A: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Microbial limits h61i—The total aerobic microbial count

does not exceed 100 cfu per g, and the total combined molds

and yeasts count does not exceed 10 cfu per g. It meets the

requirements of the tests for absence of Staphylococcus

aureus and Pseudomonas aeruginosa.

Minimum fill h755i: meets the requirements.

Uniformity of dosage units h905i: meets the requirements.

Related compounds—

Ammonium acetate buffer, Mobile phase, Sodium acetate

buffer, Diluent A, Diluent B, and Chromatographic system—

Prepare as directed in the Assay.

Test solution—Transfer an accurately weighed portion of

Mupirocin Nasal Ointment, equivalent to about 50 mg of

mupirocin, to a suitable stoppered conical flask, add 5 mL of

Diluent A, and shake vigorously on a mechanical shaker at

full speed for 1 hour to disperse the ointment. Add 5 mL of

Sodium acetate buffer, and shake vigorously on a mechanical

shaker at full speed for 15 minutes. Pass through a filter

having a porosity of 0.45 mm.

Diluted test solution—Dilute a portion of the Test solution

quantitatively, and stepwise if necessary, with Diluent B to

obtain a solution having a nominal concentration of about 0.1

mg of mupirocin per mL, based on the label claim.

Procedure—Separately inject equal volumes (about 20 mL)

of the Test solution and the Diluted test solution into the

chromatograph, and measure the peak area responses for all

the peaks. Identify the peaks by the relative retention times

shown in Table 1.

Table 1

Name

Relative reten-

tion time Limit (%)

Pseudomonic acid F1 0.32 1.0

Mupirocin impurity 12 0.56 5.0

Mupirocin impurity 23 0.60 5.0

Pseudomonic acid D4 0.72 4.0

Pseudomonic acid B5 0.88 1.0

Mupirocin 1.0 —

Mupirocin impurity 36 1.24 1.0

Mupirocin impurity 47 1.36 1.0

Mupirocin impurity 58

and Pseudomonic

acid C9

2.80 1.0

Any individual

unspecified impurity

— 0.5

Total impurities — 10.0

1 7-{(E)-4-[(2S,3R,4R,5S)-3,4-Dihydroxy-5-({(2S,3S)-3-[(2S,3S)-3-
hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-pyran-2-yl]-3-
methylbut-2-enoyloxy}heptanoic acid.
2 9-{(E)-4-[(2R,3aS,6S,7S,8aRS)-2-{(1RS,2S,3S)-1,3-Dihydroxy-2-
methylbutyl}-7-hydroxyhexahydro-2H-furo[3,2-c]pyran-6-yl]-3-
methylbut-2-enoyloxy}nonanoic acid.
3 9-{(E)-4-[(2R,3RS,4aS,7S,8S,8aR)-3,8-Dihydroxy-2-{(2S,3S)-3-
hydroxybutan-2-yl}octahydropyrano[3,2-c]pyran-7-yl]-3-methylbut-
2-enoyloxy}nonanoic acid.
4 (E)-9-{(E)-4-[(2S,3R,4R,5S)-3,4-Dihydroxy-5-({(2S,3S)-3-
[(2S,3S)-3-hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-
pyran-2-yl]-3-methylbut-2-enoyloxy}non-4-enoic acid.
5 9-{(E)-3-Methyl-4-[(2S,3R,4S,5R)-3,4,5-trihydroxy-5-({(2S,3S)-3-
[(2S,3S)-3-hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-
pyran-2-yl]but-2-enoyloxy}nonanoic acid.
6 9-((E)-4-{(2S,3R,4R,5S)-3,4-Dihydroxy-5-[(3-hydroxy-4,5-
dimethyltetrahydrofuran-2-yl)methyl]tetrahydro-2H-pyran-2-yl}-3-
methylbut-2-enoyloxy)nonanoic acid.
7 9-((E)-4-{(2S,3R,4R,5S)-3,4-Dihydroxy-5-[(4R,5S,E)-5-hydroxy-
4-methylhex-2-enyl]tetrahydro-2H-pyran-2-yl}-3-methylbut-2-enoy-
loxy)nonanoic acid.
8 8-carboxyoctyl (2E)-5,9-anhydro-8-[(4S,5S)-2-chloro-3,5-dihy-
droxy-4-methylhexyl]-2,3,4,8-tetradeoxy-3-methyl-L-talo-non-2-
enonate.
9 11-{(E)-4-[(2S,3R,4R,5S)-3,4-Dihydroxy-5-({(2S,3S)-3-[(2S,3S)-3-
hydroxybutan-2-yl]oxiran-2-yl}methyl)tetrahydro-2H-pyran-2-yl]-3-
methylbut-2-enoyloxy}undecanoic acid.

Calculate the percentage of each related compound in the

portion of Mupirocin Nasal Ointment taken by the formula:

(100 6 ri) / (D6rS)
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in which ri is the response of any impurity peak in the Test

solution; D is the dilution factor used to convert the Test

solution to the Diluted test solution; and rS is the peak

response for the mupirocin peak in the Diluted test solution.

The specified and unspecified impurities meet the limits listed

in Table 1.

Assay—

Ammonium acetate buffer—Dissolve about 7.7 g of ammo-

nium acetate in water, and dilute with water to 1000 mL. Mix,

and adjust with acetic acid to pH 5.7. Filter this solution prior

to preparation of the Mobile phase.

Mobile phase—Prepare a mixture of Ammonium acetate

buffer and tetrahydrofuran (75 : 25). Make adjustments if

necessary (see System suitability under Chromatography

h621i). The Mobile phase is extremely sensitive to changes

in tetrahydrofuran concentration. Degas the Mobile phase by

helium sparging or ultrasonication before use.

Sodium acetate buffer—Dissolve about 13.6 g of sodium

acetate in water, and dilute with water to 1000 mL. Mix, and

adjust with acetic acid to pH 4.0.

Diluent A: a mixture of tetrahydrofuran and water

(75 : 25).

Diluent B: a mixture of Diluent A and Sodium acetate

buffer (1 : 1).

Standard preparation—Prepare a solution of USP Mupir-

ocin Lithium RS in Diluent B, containing about 0.1 mg per

mL of mupirocin.

Assay preparation—Transfer an accurately weighed portion

of Mupirocin Nasal Ointment, equivalent to about 10 mg of

mupirocin, to a 100-mL volumetric flask, add 50.0 mL of

Diluent A, and shake vigorously on a mechanical shaker at

full speed for 1 hour to disperse the ointment. Dilute with

Sodium acetate buffer to volume, and shake vigorously on a

mechanical shaker at full speed for 15 minutes. Prior to use,

pass through a filter having a porosity of 0.45 mm.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detector

and a 4.6-mm625-cm column that contains 7-mm packing

L7. The flow rate is about 1.5 mL per minute. [NOTE—The

flow rate may be adjusted if needed to obtain a retention time

of about 13 minutes for the mupirocin peak.] Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the resolution, R, between the peaks

for pseudomonic acid D and mupirocin is not less than 3.5;

the column efficiency for the mupirocin peak is not less than

3000 theoretical plates; the tailing factor for the mupirocin

peak is not more than 2.0; and the relative standard deviation

of the mupirocin peak for five replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (20 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, and measure the responses for the major

peaks. Calculate the percentage of the label claim of

mupirocin in the portion of Mupirocin Nasal Ointment

taken by the formula:

(P / 1000)(CS /CU)(rU / rS)(100)

in which (P / 1000) is the potency, converted from mg per mg

to mg per mg, of mupirocin in USP Mupirocin Lithium RS;

CS is the concentration, in mg per mL, of mupirocin in the

Standard preparation; CU is the nominal concentration, in mg

per mL, of mupirocin in the Assay preparation; and rU and rS

are the peak responses for the mupirocin peak in the Assay

preparation and the Standard preparation, respec-

tively.&2S (USP32)
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BRIEFING

Norethindrone Acetate, USP 31 page 2827. On the basis of
comments received, it is proposed to clarify the Note regarding the
impurity reporting threshold in the procedure under Chromato-
graphic purity Test 2.

(MD-PS: D. Bempong) RTS—C60019

Change to read:

Chromatographic purity—
TEST 1—
Adsorbent: 0.25-mm layer of chromatographic silica gel mix-

ture.
Test solution—Prepare a solution of Norethindrone Acetate in

chloroform having a concentration of 10 mg per mL.
Standard stock solution—Prepare a solution of USP Norethin-

drone Acetate RS in chloroform having a known concentration of 10
mg per mL.
Standard solutions—Dilute accurately measured volumes of the

Standard stock solution with chloroform to obtain Standard
solutions A, B, C, and D having known concentrations of 150 mg
per mL, 50 mg per mL, 30 mg per mL, and 10 mg per mL,
respectively.
Application volume: 10 mL, as two 5-mL portions.
Developing solvent system: a mixture of toluene and ethyl

acetate (1 : 1).
Procedure—Proceed as directed for Thin-Layer Chromatography

under Chromatography h621i, except to apply the solutions along a
line 2.5 cm from the edge of the plate. Spray the plate with a mixture
of methanol and sulfuric acid (7 : 3), and heat at 1008 for 5 minutes.
The Test solution exhibits a principal spot at the same RF value as the
principal spot of Standard solution A. Any individual secondary spot
is not more intense than the spot in the chromatogram obtained from
Standard solution B: not more than 0.5% of any individual impurity
is found. The sum of the intensities of all of the secondary spots is
not more intense than the spot in the chromatogram obtained from
Standard solution A: not more than 1.5% of total impurities is found.

TEST 2—
Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (6 : 4). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Resolution solution—Dissolve accurately weighed quantities of

desoxycorticosterone acetate and USP Norethindrone Acetate RS in
Mobile phase to obtain a solution having concentrations of about 80
mg of each per mL.
Test solution—Transfer about 62.5 mg of Norethindrone Acetate,

accurately weighed, to a 25-mL volumetric flask, dissolve in and
dilute with Mobile phase to volume, and mix.
Diluted test solution—Transfer 1.0 mL of the Test solution to a

100-mL volumetric flask, dilute with Mobile phase to volume, and
mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4.6-mm 6 25-cm column that contains packing L1. The flow rate is
about 1 mL per minute. Chromatograph the Resolution solution, and
record the peak responses as directed for Procedure: the relative
retention times are about 0.83 for desoxycorticosterone acetate and
1.0 for norethindrone acetate; and the resolution, R, between
desoxycorticosterone acetate and norethindrone acetate is not less
than 3.5.
Procedure—Separately inject equal volumes (about 20 mL) of the

Diluted test solution and the Test solution into the chromatograph,
record the chromatograms for twice the retention time of

norethindrone acetate, and measure all of the peak areas. Calculate
the percentage of each impurity in the portion of Norethindrone
Acetate taken by the formula:

ri / rs

in which ri is the peak area for each impurity obtained from the Test
solution; and rs is the sum of all the peaks obtained from the Diluted
test solution. [NOTE—Exclude any peak having a response that is less
than 0.025% of the norethindrone acetate peak response obtained
from the Test solution.

&Exclude any peak having a response that is less than

0.025%.]&2S (USP32)
Not more than 0.5% of any individual impurity is found; and not
more than 1.0% of total impurities is found.

BRIEFING

Norgestimate and Ethinyl Estradiol Tablets, USP 31 page 2834
and the Notice of Postponement posted on the USP website with an
effective date of August 1, 2007. On the basis of comments received
that the current Assay preparation procedure is not rugged, it is
proposed to replace it with a more rugged procedure. It is also
proposed to make changes in the Standard preparation and in the
formulas to reflect the changes made in the Assay preparation. In the
absence of negative comments, it is proposed to implement this
revision via an Interim Revision Announcement in Pharmacopeial
Forum 34(6) [Nov.–Dec. 2008] pertaining to USP31–NF26, with an
official date of December 1, 2008.

(MD-PS: D. Bempong) RTS—C63969

Change to read:

Assay—
Mobile phase—Prepare a degassed mixture of water, tetrahydro-

furan, and methanol (13 : 5 : 2). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Internal standard solution—Dissolve an accurately weighed

quantity of dibutyl phthalate in methanol to obtain a solution
having a concentration of about 0.05 mg per mL.
Standard preparation—Dissolve an accurately weighed quantity

of USP Norgestimate RS and USP Ethinyl Estradiol RS in Internal
standard solution, and dilute quantitatively, and stepwise if
necessary, with Internal standard solution to obtain a solution
having a known concentration of about 7 mg per mL of ethinyl
estradiol and a known concentration similar to that expected in the
Assay preparation. Mix, and pass through a filter having a 0.45-mm
porosity.

.Dissolve accurately weighed quantities of USP Ethinyl

Estradiol RS and USP Norgestimate RS in a volume of

Internal standard solution equivalent to 80% of the final

volume. Add a volume of water equivalent to 20% of the final

volume, and mix to obtain a solution having a known

concentration of about 7 mg per mL of ethinyl estradiol and a

known concentration of norgestimate similar to that expected

in the Assay preparation. Mix, and pass through a filter

having a porosity of 0.45 mm..6
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Assay preparation—Weigh and finely powder not fewer than 20
Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 0.175 mg of ethinyl estradiol, to a 50-mL glass
centrifuge tube, and add two glass beads. Add 25.0 mL of Internal
standard solution, insert the stopper, and mix on a vortex mixer for
at least 15 minutes. Sonicate for at least 5 minutes to ensure
complete dissolution of the drug substances, mix, and pass through a
filter having a 0.45-mm porosity.

.Add a number of Tablets, equivalent to 0.35 mg of ethinyl

estradiol, to a suitable glass container, add 10 mL of water,

and mix with a vortex mixer until the Tablets are completely

disintegrated. Add 40 mL of Internal standard solution, and

mix with a vortex mixer for at least 23 minutes. Sonicate the

sample for at least 5 minutes, filter an aliquot through a

suitable filter having a porosity of 0.45 mm, and use the

filtrate..6
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 230-nm detector and a
4.6-mm 6 5-cm column that contains 5-mm packing L1. The flow
rate is about 2.1 mL per minute. Chromatograph the Standard
preparation, and record the peak responses as directed for
Procedure: the relative retention times are about 0.5 for ethinyl
estradiol, 1.0 for (Z)-norgestimate, 1.2 for (E)-norgestimate and 1.5
for dibutyl phthalate; the resolution, R, between (Z)-norgestimate
and (E)-norgestimate is not less than 1.5; and the relative standard
deviation of the peak response ratio of ethinyl estradiol, (Z)-
norgestimate, and (E)-norgestimate to dibutyl phthalate for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 25 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of ethinyl estradiol
(C20H24O2) in the portion of Tablets taken by the formula:

25C(RU /RS)

.50C(RU /RS).6

in which C is the concentration, in mg per mL, of USP Ethinyl
Estradiol RS in the Standard preparation; and RU and RS are the
ratios of the peak responses of ethinyl estradiol to dibutyl phthalate
obtained from the Assay preparation and the Standard preparation,
respectively. Calculate the quantity, in mg, of norgestimate
(C23H31NO3) in the portion of Tablets taken by the formula:

25C[PA(RUA /RSA) + PS(RUS /RSS)]

.50C[PA(RUA /RSA) + PS(RUS /RSS)].6

in which C is the concentration, in mg per mL, of USP Norgestimate
RS in the Standard preparation; PA and PS are the corresponding (E)
and (Z) fractions of USP Norgestimate RS; RUA and RSA are the ratios
of the peak responses of (E)-norgestimate to dibutyl phthalate
obtained from the Assay preparation and the Standard preparation,
respectively; and RUS and RSS are the ratios of the peak responses of
(Z)-norgestimate to dibutyl phthalate obtained from the Assay
preparation and the Standard preparation, respectively.

BRIEFING

Octisalate, USP 31 page 2846. On the basis of comments
received, it is proposed to add the split ratio in the Assay section for
clarification.

(MD-OOD: F. Mao) RTS—C64388

Change to read:

Assay—
Standard preparation—Dissolve an accurately weighed quantity

of USP Octisalate RS in tert-butyl methyl ether, and dilute
quantitatively, and stepwise if necessary, with tert-butyl methyl
ether to obtain a solution having a known concentration of about
20.0 mg per mL.
Assay preparation—Transfer about 2 g of Octisalate, accurately

weighed, to a 100-mL volumetric flask, dilute with tert-butyl methyl
ether to volume, and mix.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and a
0.32-mm 6 25-m column coated with a 0.1-mm film of phase G1.
The carrier gas is helium, flowing at a rate of about 6 mL per minute.

&The split ratio is 50 : 1. [NOTE—Split ratio can be modified in

order to optimize the performance.]&2S (USP32)
The chromatograph is programmed as follows. Initially the
temperature of the column is equilibrated at 608, then the
temperature is increased at a rate of 88 per minute to 2408, and is
maintained at 2408 for 10 minutes. The injection port temperature is
maintained at 2408, and the detector temperature is maintained at
2608. Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the resolution, R, between
octisalate and any other peak is not less than 1.0; and the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 1 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of C15H22O3 in the
portion of Octisalate taken by the formula:

100C(rU / rS)

in which C is the concentration, in mg per mL, of USP Octisalate RS
in the Standard preparation; and rU and rS are the peak responses
obtained from the Assay preparation and the Standard preparation,
respectively.
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BRIEFING

Ondansetron Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph is being
proposed. The liquid chromatographic procedures in the test for
Related compounds and in the Assay are based on analyses
performed with the Waters Spherisorb S5CN brand of L10
column. The typical retention time of the ondansetron peak is
about 17 minutes.

(MD-PP: R. Ravichandran; BPC: M. Marques) RTS—C55363

Add the following:

&Ondansetron Tablets

» Ondansetron Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of ondansetron (C18H19N3O).

Packaging and storage—Preserve in tight, light-resistant

containers. Store at controlled room temperature.

USP Reference standards h11i—USP Ondansetron Hydro-

chloride RS. USP Ondansetron Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki—

Test specimen—Weigh and finely powder a sufficient

number of Tablets. Transfer an accurately weighed portion

of the powder, equivalent to about 100 mg of ondansetron

hydrochloride, to a suitable conical flask. Add 50 mL of

alcohol, and swirl. Pass the liquid through a PTFE filter

having a porosity of 0.45 mm into a 50-mL beaker. Evaporate

the solvent on a rotary evaporator. Dry the precipitate in an air

oven for 1 hour at 1058. Prepare a suitable dispersion of the

residue in potassium bromide, and record the spectra of the

Test specimen and the standard specimen in the spectral range

3800 to 650 cm–1: the Test specimen shows strong bands at

1681, 1481, 1281, and 758 cm–1, similar to the potassium

bromide dispersion of USP Ondansetron Hydrochloride RS.

[NOTE—It is recommended that a solution of USP Ondanse-

tron Hydrochloride RS in alcohol be prepared at a

concentration of about 2 mg per mL prior to the evaporation,

followed by drying steps.]

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

Medium: water; 500 mL, deaerated.

Apparatus 2: 50 rpm.

Time: 15 minutes.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Ondansetron Hydrochloride RS in Medium, and

dilute quantitatively, and stepwise if necessary, with Medium

to obtain a solution having a known concentration close to the

expected concentration of the Test solution.

Test solution—Pass a portion of the solution under test

through a suitable filter having a porosity of 0.45 mm, and

dilute, if necessary, with Medium.

Procedure—Determine the amount of ondansetron dis-

solved by employing UV absorption at the wavelength of

maximum absorbance at about 310 nm on portions of the Test

solution in comparison with the Standard solution, using

Medium as the blank. Calculate the percentage of ondansetron

dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and Standard solution, respectively; CS is the

concentration of ondansetron, in mg per mL, of the Standard

solution; 500 is the volume, in mL, of Medium; 293.36 is the

molecular weight of ondansetron; 100 is the conversion factor

to percentage; L is the Tablet label claim, in mg; and 365.85 is

the molecular weight of ondansetron hydrochloride dihydrate.
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Tolerances—Not less than 80% (Q) of the labeled amount

of ondansetron is dissolved in 15 minutes.

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Buffer solution and Mobile phase—Proceed as directed in

the Assay.

Standard solution—Dilute the Standard preparation from

the Assay with Mobile phase to obtain a known concentration

of about 1.5 mg per mL of ondansetron.

System suitability solution—Prepare a solution containing

USP Ondansetron Related Compound A RS and USP

Ondansetron Hyrochloride RS in Mobile phase to obtain

final concentrations of about 0.05 mg per mL and 0.1 mg per

mL, respectively.

Test solution—Weigh and crush not fewer than 20 Tablets.

Dissolve an accurately weighed quantity of powder, equiv-

alent to 50 mg of ondansetron, in a 100-mL volumetric flask.

Add about 70 mL of Mobile phase, and sonicate for about 20

minutes. Dilute with Mobile phase to volume, and mix.

Centrifuge the solution. Pass a portion of the solution through

a suitable nylon filter having a porosity of 0.45 mm, and use

the filtrate.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the resolution, R, between ondansetron related

compound A and ondansetron is not less than 2.0.

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the relative standard

deviation of the ondansetron peak for replicate injections is

not more than 5.0%.

Procedure—Separately inject a volume (about 10 mL) of

the Standard solution and the Test solution into the

chromatograph. Run the chromatograph for at least 45

minutes for the Test solution, and measure the peak responses.

Calculate the percentage of each impurity in the portion of

Tablets taken by the formula:

100(CS /CT)(1 /F)(ri / rS)

where CS is the concentration, in mg per mL, of ondansetron

in the Standard solution; CT is the concentration, in mg per

mL, of ondansetron in the Test solution; ri is the peak area of

any impurity in the Test solution; rS is the peak area of

ondansetron in the Standard solution; and F is the relative

response factor of any impurity, as shown in Table 1.

Assay—

Buffer solution—Accurately transfer about 2.7 g of mono-

basic potassium hydrogen phosphate (KH2PO4) to a 1000-mL

volumetric flask. Dissolve in and dilute with water to volume,

and mix. Adjust with 1N sodium hydroxide to a pH of 5.4.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and acetonitrile (80 : 20).

Diluent: a mixture of Buffer solution and acetonitrile

(50 : 50).

Standard preparation—Dissolve an accurately weighed

quantity of USP Ondansetron Hydrochloride RS in Diluent,

and dilute quantitatively, and stepwise if necessary, with

Diluent to obtain a solution having a known concentration of

about 0.05 mg per mL of ondansetron (free base).

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 50 mg of ondansetron, based on

the label claim, to a 100-mL volumetric flask. Add about 70

mL of Diluent, and sonicate for about 20 minutes. Dilute with

Diluent to volume, and mix. Centrifuge a portion of the

solution. Quantitatively dilute the supernatant with Diluent to

obtain a solution having a nominal concentration of 0.05 mg

per mL of ondansetron, based on the label claim. Pass

through a suitable nylon filter having a porosity of 0.45 mm,

and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 216-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L10. The flow rate is about 1.5 mL per minute. The column is
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maintained at ambient temperature. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor for the ondansetron

peak is not more than 2.0; and the relative standard deviation

for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the area responses for the major peaks. Calculate the

percentage of the label claim of ondansetron (C18H19N3O) in

the portion of Tablets taken by the formula:

100(CS /CU)(1 / L)(rU / rS)

in which CS is the concentration, in mg per mL, of

ondansetron (free base) in the Standard preparation; CU is

the nominal concentration, in fractional number of Tablets per

mL, of the Assay preparation; L is the label claim, in mg per

Tablet; and rU and rS are the peak responses obtained from the

Assay preparation and the Standard preparation, respec-

tively.&2S (USP32)

BRIEFING

Oxaliplatin. Because there is no existing USP monograph for this
drug substance, a new monograph, based on validated methods of
analysis, is proposed. Following is a list of procedures and the
columns used in the analyses:
1. Limit of oxalic acid: Thermo Electron Corporation BDS

Hypersil C18 brand of L1 column.
2. Assay and Limit of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-

diamine-N,N’]platinum, oxaliplatin related compound C, and
unspecified impurities: Supelco Discovery C18 brand of L1
column.

3. Limit of oxaliplatin related compound D: Daicel Chemical
Industries Chiralcel OC-H brand of L## column (see
Chromatographic Reagents under Reagents, Indicators, and
Solutions).

(MD-OOD: F. Mao; MSA: R. Tirumalai) RTS—C51777

Add the following:

&Oxaliplatin

C8H14N2O4Pt 397.29

[SP-4-2-(1R-trans)]-(1,2-cyclohexanediamine-N,N’)[ethane-

dioato(2-)-O,O’]platinum.

Table 1

Impurity

Relative

Retention

Relative

Response

Limit

(%, w/w)

2-Methyl imidazolea 0.22 0.53 NMT 0.2

Ondansetron related compound Cb 0.40 1.2 NMT 0.2

Ondansetron related compound Dc 0.47 1.3 NMT 0.1

Ondansetron related compound Ad 0.87 0.90 NMT 0.2

Desmethylondansetrona, e 0.90 0.91 NMT 0.2

Ondansetron 1.0

Any other individual unspecified degra-

dation product

— 1.0 NMT 0.2

Total — NMT 1.0

a Not to be included in total impurities.
b 1,2,3,9-Tetrahydro-9-methyl-4H-carbazol-4-one.
c 1,2,3,9-Tetrahydro-9-methyl-3-methylene-4H-carbazol-4-one.
d 3[(Dimethylamino)methyl]-1,2,3,9-tetrahydro-9-methyl-4H-carbazol-4-one.
e 1, 2, 3, 9-Tetrahydro-9-methyl-3-[1H-imidazol-1-yl)methyl]-4H-carbazol-4-one.
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cis-[(1R,2R)-1,2-Cyclohexanediamine-N,N’][oxalato(2-)-

O,O’]platinum [61825-94-3].

» Oxaliplatin contains not less than 98.0 percent

and not more than 102.0 percent of C8H14N2O4Pt,

calculated on the dried basis.

Caution—Great care should be taken in handling

Oxaliplatin, because it is a potentially cytotoxic

agent.

Packaging and storage—Preserve in tight containers,

protected from light. Store at room temperature.

USP Reference standards h11i—USP Oxaliplatin RS. USP

Oxaliplatin Related Compound A RS. USP Oxaliplatin

Related Compound B RS. USP Oxaliplatin Related Com-

pound C RS. USP Oxaliplatin Related Compound D RS. USP

Endotoxin RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Specific rotation h781Si: between +74.58 and +78.08,

measured at 208.

Test solution: 5 mg per mL, in water.

Microbial limits h61i—The total aerobic microbial count

does not exceed 20 cfu per g, and the total combined molds

and yeast count does not exceed 5 cfu per g.

Bacterial endotoxins h85i: not more than 1.0 USP

Endotoxin Unit per mg of Oxaliplatin.

Acidity—Dissolve 100 mg in 50 mL of carbon dioxide–free

water, and add 0.5 mL of phenolphthalein TS: the solution is

colorless, and not more than 0.6 mL of 0.01M sodium

hydroxide is required to change the color to pink.

Loss on drying h731i—Dry about 1 g at 1008 to 1058 for

2 hours: it loses not more than 0.4% of its weight.

Limit of silver—

Test stock solution—Dissolve about 100 mg of Oxaliplatin,

accurately weighed, in 50 mL of water to obtain a solution

having a concentration of about 2 mg per mL.

Test solution—Dilute 20 mL of the Stock test solution with

0.5M nitric acid to 40 mL to obtain a solution having a known

concentration of about 1 mg per mL.

Standard stock solution—Dilute a commercially available

silver nitrate atomic absorption standard solution containing

1000 ppm of silver in 0.5M nitric acid quantitatively, and

stepwise if necessary, with 0.5M nitric acid to obtain a

solution having a known concentration of 10 ppb.

Standard solution 1—Mix 20 mL of the Stock test solution

and 8 mL of the Standard stock solution, and dilute with 0.5M

nitric acid to 40 mL.

Standard solution 2—Mix 20 mL of the Stock test solution

and 16 mL of the Standard stock solution, and dilute with

0.5M nitric acid to 40 mL.

Procedure (see Spectrophotometry and Light-Scattering

h851i)—Measure the absorbances of the Test solution,

Standard solution 1, and Standard solution 2 at the silver

emission line of 328.1 nm with a suitable atomic absorption

spectrophotometer equipped with a silver hollow-cathode

lamp and graphite furnace, using 0.5M nitric acid as the

blank. Plot the absorbances of the Test solution, Standard

solution 1 and Standard solution 2 versus their concentra-

tions, in ppb, of silver, and draw the straight line best fitting

the three plotted points. The intercept on the x-axis of the

extended regression line indicates the silver concentration in

the Test solution. Calculate the silver, in ppm, in the portion

of Oxaliplatin taken by the formula:

100(C /W)
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in which C is the absolute value of the intercept, in ppb of

silver, on the x-axis; and W is the weight, in mg, of

Oxaliplatin taken for the preparation of the Stock test solution.

Not more than 5.0 ppm of silver is found.

Content of platinum—Ignite an empty porcelain crucible

fitted with a lid in a furnace at 8008 for 30 minutes. Cool in a

desiccator, and weigh accurately. Add about 200 mg of the

Oxaliplatin, accurately weighed, to the crucible, and ignite in

a furnace by stepwise increments as follows: introduce into

the furnace; and increase the temperature to 2008 within 15

minutes, then to 4008 within 15 minutes, then to 6008 within

15 minutes, then finally to 8008 within 15 minutes. Allow to

remain in the furnace at 8008 for 30 minutes. Remove, cool in

a desiccator, and reweigh. Calculate the percentage of

platinum in the portion of Oxaliplatin taken by the formula:

100(D /W)

in which D is the the difference between the net weights, in

mg, before and after the ignition; and W is the weight, in mg,

of Oxaliplatin taken for the analysis. The platinum so

obtained is between 48.1% and 50.1% of the Oxaliplatin

taken, on the dried basis.

Heavy metals—

Standard stock solution—Transfer 1 mL each of 1000-ppm

standard solutions of cadmium, chromium, copper, iron,

nickel, and lead (commercially available) to a 100-mL

volumetric flask, add 5 mL of nitric acid, and dilute with

water to volume.

Internal standard solution—Transfer 1 mL of a 10,000-

ppm standard solution of yttrium (commercially available) to

a 100-mL volumetric flask, and dilute with 5% nitric acid to

volume.

Standard solutions—Transfer 0.2 mL, 2.0 mL, and 20.0 mL

of Standard stock solution to separate 100-mL volumetric

flasks, add 1.0 mL of Internal standard solution and 5.0 mL

of nitric acid to each flask, and dilute with water to volume.

The concentrations of these solutions are 0.02 ppm, 0.20

ppm, and 2.00 ppm, respectively.

Blank solution—Transfer 1.0 mL of Internal standard

solution and 5.0 mL of nitric acid to a 100-mL volumetric

flask, and dilute with water to volume.

Test solution—Accurately weigh about 1 g of Oxaliplatin

into a 100-mL volumetric flask, and add about 80 mL of

water. Stir vigorously for several minutes with a magnetic

stirrer until no more sample seems to be dissolving. Add

about 5 mL of nitric acid, and mix again until the sample is

completely dissolved. Remove the stirrer bar from the flask,

rinsing it prior to removal. Add 1.0 mL of the Internal

standard solution, and dilute with water to volume.

Procedure (see Plasma Spectrochemistry h730i)—Measure

the responses of the elements cadmium, chromium, copper,

iron, nickel, lead, and yttrium (internal standard), using an

inductively coupled plasma–atomic optical emission spec-

trometer (ICP–OES), by measuring the emissions at 226.502

nm, 283.563 nm, 327.395 nm, 259.940 nm, 221.648 nm,

220.353 nm, and 371.029 nm, respectively. Optimize the

instrument settings as directed by the manufacturer.

Before samples are analyzed, the instrument must pass a

suitable performance check. Generate the calibration curve,

using the Blank solution and the Standard solutions, and run

these solutions in the following order: the Blank solution,

then the 0.02-ppm, 0.20-ppm, and 2.00-ppm solutions. The

linear regression coefficient is not less than 0.99; the response

of the Blank solution is between –5.0 ppb and 5.0 ppb for

each element; and the responses of yttrium obtained from the

Standard solutions are drifted by not more than 5.0% of the

response obtained from the Blank solution. Run the Standard

solution of 0.20 ppm, and record the responses of each

element: the relative standard deviations for replicate runs are

not more than 5.0%; and the recovery against the calibration

curve is between 95% and 105%. After samples are analyzed,

the instrument must pass the same suitable performance check

to ensure that the calibration is still valid.
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Run the Test solution, record the responses of each element,

and determine the concentration of each element, using the

calibration graph. Calculate the content of each element, in

ppm, by the formula:

100(C /W)

in which C is the concentration, in ppm, of each element in

the Test solution; and W is the weight, in g, of Oxaliplatin

taken to prepare the Test solution: not more than 20 ppm of

total heavy metals are found.

Limit of oxalic acid—[NOTE—Use vigorous shaking and very

brief sonication to dissolve the substance to be examined.

Inject the Test solution within 20 minutes of preparation.

Polypropylene HPLC autosampler vials should be used.]

Mobile phase—Add 1.36 g of potassium dihydrogen

phosphate to 10 mL of 10% tetrabutylammonium hydroxide

in water, and dilute with water to 1000 mL. Adjust the pH

with phosphoric acid to 6.0. Mix 80 volumes of this solution

with 20 volumes of acetonitrile.

Standard stock solution—Dissolve an accurately weighed

quantity of USP Oxaliplatin Related Compound A RS in

water to obtain a solution having a known concentration of

about 0.06 mg per mL.

Standard solution—Dilute the Standard stock solution

quantitively, and stepwise if necessary, with water to obtain

a solution having a known concentration of about 15 mg per

mL.

System suitability solution—Dissolve a suitable quantity of

sodium nitrate in water to obtain a solution having a

concentration of about 0.05 mg per mL. Transfer 2 mL of

this solution and 25 mL of the Standard stock solution to a

100-mL volumetric flask, and dilute with water to volume.

Sensitivity solution—Make a dilution of the Standard

solution (1 : 10).

Test solution—Dissolve an accurately weighed quantity of

Oxaliplatin in water to obtain a solution having a known

concentration of about 2 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 205-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 2 mL per minute. The column

temperature is maintained at 408. Chromatograph the System

suitability solution, and record the peak area responses as

directed for Procedure: the elution order is sodium nitrate,

followed by oxalic acid; and the resolution, R, between the

peaks of oxalic acid and sodium nitrate is not less than 2.0.

Chromatograph the Standard solution, and record the peak

area responses as directed for Procedure: the relative standard

deviation of the oxalic acid peak for replicate injections is not

more than 3.0%. Chromatograph the Sensitivity solution, and

record the peak areas as directed for Procedure: the peak at

approximately the same retention time as that of the Standard

solution should be visible.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, allow the chromatogram to run for about

twice the retention time of oxalic acid, and record the

chromatograms. Calculate the percentage of oxalic acid in the

portion of Oxaliplatin taken by the formula:

100(90.03/126.07)(CS /CU)(rU / rS)

in which 90.03 and 126.07 are the molecular weights of

anhydrous oxalic acid and USP Oxaliplatin Related Com-

pound A RS, respectively; CS is the concentration, in mg per

mL, of oxaliplatin related compound A in the Standard

solution; CU is the concentration, in mg per mL, of oxaliplatin

in the Test solution; and rU and rS are the oxalic acid peak

areas in the Test solution and the Standard solution,

respectively: not more than 0.05% of oxalic acid is found.

[NOTE—USP Oxaliplatin Related Compound A RS is

available as oxalic acid dihydrate.]

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
976 IN-PROCESS REVISION Vol. 34(4) [July–Aug. 2008]



Limit of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-

diamine-N,N’]platinum, oxaliplatin related compound C,

and unspecified impurities—[NOTE—Use vigorous shaking

and very brief sonication to dissolve the substance to be

examined. Inject the Test solution within 20 minutes of

preparation. Polypropylene HPLC autosampler vials should

be used.]

Mobile phase, Resolution solution, Oxaliplatin standard

stock solution, Oxaliplatin related compound B standard

stock solution, and Oxaliplatin related compound C standard

stock solution—Proceed as directed in the Assay.

Standard solution—Transfer accurately measured amounts

of Oxaliplatin standard stock solution, Oxaliplatin related

compound B standard stock solution, and Oxaliplatin related

compound C standard stock solution to a suitable volumetric

flask, and dilute with water to volume to obtain a solution

having known concentrations of about 0.01 mg per mL of

Oxaliplatin, 0.01 mg per mL of oxaliplatin related compound

B, and 0.004 mg per mL of oxaliplatin related compound C.

Test solution—Dissolve an accurately weighed quantity of

Oxaliplatin in water to obtain a solution having a known

concentration of about 2 mg per mL.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Instead of chromatographing

the Standard preparation, chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the relative standard deviations for replicate

injections are not more than 3.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solution and the Test solution into the

chromatograph, and record the chromatograms. Calculate the

percentage of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-dia-

mine-N,N’]platinum in the portion of Oxaliplatin taken by the

formula:

100(345.30/433.28)(CS /CU)(rU / rS)

in which 345.30 and 433.28 are the molecular weights of (SP-

4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum

and USP Oxaliplatin Related Compound B RS, respectively;

CS is the concentration, in mg per mL, of USP Oxaliplatin

Related Compound B RS in the Standard solution; CU is the

concentration, in mg per mL, of oxaliplatin in the Test

solution; and rU and rS are the peak areas of (SP-4-2)-

diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum in

the Test solution and the Standard solution, respectively:

not more than 0.05% of (SP-4-2)-diaqua[(1R,2R)-cyclohex-

ane-1,2-diamine-N,N’]platinum is found. [NOTE—USP Oxali-

platin Related Compound B RS is converted to (SP-4-2)-

diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum in

solution preparation.] Calculate the percentage of oxaliplatin

related compound C in the portion of Oxaliplatin taken by the

formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of oxaliplatin

related compound C in the Standard solution; CU is the

concentration, in mg per mL, of oxaliplatin in the Test

solution; and rU and rS are the peak areas of oxaliplatin related

compound C in the Test solution and the Standard solution,

respectively: not more than 0.03% of oxaliplatin related

compound C is found. Calculate the percentage of the

unspecified impurity diaquodiaminocyclohexaneplatinum

dimer in the portion of Oxaliplatin taken by the formula:

100(345.30/433.28)(1/2.5)(CS /CU)(rU / rS)

in which 345.30 and 433.28 are the molecular weights of (SP-

4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum

and USP Oxaliplatin Related Compound B RS, respectively;

2.5 is the relative response factor for diaquodiaminocyclo-

hexaneplatinum dimer, measured with respect to USP

Oxaliplatin Related Compound B RS; CS is the concentration,

in mg per mL, of oxaliplatin related compound B in the

Standard solution; CU is the concentration, in mg per mL, of
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oxaliplatin in the Test solution; rU is the peak area of

diaquodiaminocyclohexaneplatinum dimer in the Test solu-

tion; and rS is the peak area of oxaliplatin related compound B

in the Standard solution: not more than 0.03% of diaquodia-

minocyclohexaneplatinum dimer is found. Calculate the

percentage of any other unspecified impurity in the portion

of Oxaliplatin taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of oxaliplatin

in the Standard solution; CU is the concentration, in mg per

mL, of oxaliplatin in the Test solution; rU is the peak area of

any unspecified impurity in the Test solution; and rS is the

peak area of oxaliplatin in the Standard solution: not more

than 0.03% of any other unspecified impurity is found.

Calculate the sum of diaquodiaminocyclohexaneplatinum

dimer and any other unspecified impurities: not more than

0.10% is found. Calculate the sum of oxalic acid, (SP-4-2)-

diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum,

oxaliplatin related compound C, and the total of unspecified

impurities: not more than 0.15% is found.

Limit of oxaliplatin related compound D—[NOTE—Use

vigorous shaking and very brief sonication to dissolve the

substance to be examined. Inject the Test solution within 20

minutes of preparation. Polypropylene HPLC autosampler

vials should be used.]

Mobile phase—Prepare a mixture of methanol and ethanol

(70 : 30).

Oxaliplatin related compound D standard stock solution—

Dissolve an accurately weighed quantity of USP Oxaliplatin

Related Compound D RS in methanol quantitatively, and

stepwise if necessary, to obtain a solution having a known

concentration of about 0.05 mg per mL.

Oxaliplatin related compound D standard solution—Dilute

the Oxaliplatin related compound D standard stock solution

with methanol quantitatively, and stepwise if necessary, to

obtain a solution having a known concentration of about

0.015 mg per mL.

Oxaliplatin standard stock solution—Dissolve an accurate-

ly weighed quantity of USP Oxaliplatin RS in methanol to

obtain a solution having a known concentration of about 0.75

mg per mL.

Oxaliplatin standard solution—Dilute the Oxaliplatin

standard stock solution with methanol quantitatively, and

stepwise if necessary, to obtain a solution having a known

concentration of about 0.0375 mg per mL.

Standard solutions—Transfer 40 mL of Oxaliplatin stan-

dard stock solution to separate 50-mL volumetric flasks; add

1.0 mL, 3.0 mL, and 5.0 mL of Oxaliplatin related compound

D standard solution to each flask, and dilute with methanol to

volume. The concentration of oxaliplatin in these solutions is

0.6 mg per mL. The concentrations of oxaliplatin related

compound D in these solutions are 0.3 mg per mL, 0.9 mg per

mL, and 1.5 mg per mL, respectively.

Resolution solution—Transfer 5.0 mL of Oxaliplatin

standard solution and 4.0 mL of Oxaliplatin related

compound D standard stock solution to a 50-mL volumetric

flask and dilute with methanol to volume.

Test solution—Transfer about 30 mg of oxaliplatin,

accurately weighed, to a 50-mL volumetric flask, and dilute

with methanol to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L##. The flow rate is about 0.3 mL per minute. The column

temperature is maintained at 408. Chromatograph the

Resolution solution, and record the peak height as directed

for Procedure: the resolution, R, between the peaks of

oxaliplatin related compound D and oxaliplatin is not less

than 1.5. Chromatograph the Standard solution of 0.9 mg per

mL, and record the peak height as directed for Procedure: the
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relative standard deviation of the peak height ratio of

oxaliplatin related compound D to the sum of oxaliplatin

and oxaliplatin related compound D for replicate injections is

not more than 3.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solutions and the Test solution into the

chromatograph, allow the chromatogram to run for about 30

minutes, and record the chromatograms. Plot a calibration

curve for the Standard solutions with the peak response ratios

of oxaliplatin related compound D to the sum of oxaliplatin

and oxaliplatin related compound D on the y-axis and the

concentrations of oxaliplatin related compound D, in mg per

mL, on the x-axis. Read the concentration of oxaliplatin

related compound D, in mg per mL, in the Test solution from

the calibration curve obtained. Calculate the percentage of

oxaliplatin related compound D in the portion of Oxaliplatin

taken by the formula:

5(C /W)

in which C is the concentration, in mg per mL, of oxaliplatin

related compound D in the Test solution; and W is the weight

of oxaliplatin, in mg, taken for the Test solution preparation:

not more than 0.10% of oxaliplatin related compound D is

found.

Assay—[NOTE—Use vigorous shaking and very brief sonica-

tion to dissolve the substance to be examined. Inject the Test

solution within 20 minutes of preparation. Polypropylene

HPLC autosampler vials should be used.]

Potassium phosphate buffer—Weigh 2.72 g of potassium

phosphate monobasic (anhydrous) and 1.80 g of 1-pentane-

sulfonic acid sodium salt into a suitable container. Add 2000

mL of water, and mix well to completely dissolve all solids.

Transfer 0.5 mL of triethylamine to the buffer solution, and

mix thoroughly. Adjust the pH of the solution to 4.3+ 0.05

by dropwise addition of phosphoric acid.

Mobile phase—Prepare a mixture of Potassium phosphate

buffer and methanol (85 : 15).

Oxaliplatin standard stock solution—Dissolve an accurate-

ly weighed quantity of USP Oxaliplatin RS in water to obtain

a solution having a known concentration of about 0.5 mg per

mL.

Oxaliplatin related compound B standard stock solution—

Transfer an accurately weighed quantity of USP Oxaliplatin

Related Compound B RS to a suitable volumetric flask, add

about 25% of the final volume of methanol, and sonicate for

approximately 2 minutes to disperse the solids. Add

approximately 65% of the final volume of 0.001M nitric

acid, and sonicate for an additional 30 minutes to dissolve the

solids. Allow to cool if necessary. Dilute with 0.001M nitric

acid to volume, and mix to obtain a solution having a known

concentration of about 0.125 mg per mL. [NOTE—USP

Oxaliplatin Related Compound B RS is converted to (SP-4-

2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum

in solution preparation.]

Oxaliplatin related compound C standard stock solution—

Dissolve an accurately weighed quantity of USP Oxaliplatin

Related Compound C RS in water to obtain a solution having

a known concentration of about 0.1 mg per mL.

Resolution solution—Dissolve suitable quantities of Oxa-

liplatin in 0.005M sodium hydroxide to obtain a solution

having a known concentration of about 2 mg per mL. Allow

this solution to stand at room temperature for at least 5 days.

Transfer 10 mL of this solution, 10 mL of Oxaliplatin related

compound B standard stock solution, and 5 mL of Oxaliplatin

related compound C standard stock solution into a 100-mL

volumetric flask, and dilute with water to volume. [NOTE—

The preparation of the Resolution solution forms diaquodia-

minocyclohexaneplatinum dimer. The relative retention

times, measured with respect to oxaliplatin, of related

compounds C and B and diaquodiaminocyclohexaneplatinum

dimer are about 0.8, 2.7, and 6, respectively.]

Standard preparation—Dilute the Oxaliplatin standard

stock solution with water quantitatively, and stepwise if

necessary, to obtain a solution having a known concentration

of about 0.1 mg per mL.
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Assay preparation—Dissolve an accurately weighed quan-

tity of Oxaliplatin in water to obtain a solution having a

known concentration of about 0.1 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the Resolution solution, and record the peak areas as directed

for Procedure: the resolution, R, between the peaks of

oxaliplatin and oxaliplatin related compound C is not less

than 2.0; the tailing factor of the oxaliplatin peak is between

0.8 and 2.0. Chromatograph the Standard preparation, and

record the peak areas as directed for Procedure: the relative

standard deviation of the oxaliplatin peak for replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the areas for the oxaliplatin peaks. Calculate the percentage of

C8H14N2O4Pt in the portion of Oxaliplatin taken by the

formula:

100 (CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Oxaliplatin RS in the Standard preparation; CU is the

concentration, in mg per mL, of Oxaliplatin in the Assay

preparation; and rU and rS are the peak areas obtained from

the Assay preparation and the Standard preparation,

respectively.&2S (USP32)

BRIEFING

Piperacillin and Tazobactam for Injection, page 439 of PF
31(2). On the basis of comments received, the following changes are
proposed:
1. Update the Definition to indicate that the product may contain

suitable buffers or stabilizers.
2. Add USP Tazobactam Related Compound A RS to the USP

Reference standards section, because it is used to determine
system suitability.

3. Add a Uniformity of dosage units section.

4. Revise the limits of the test for pH to be consistent with the
FDA-approved specifications.

5. It has been demonstrated that pH variations and the presence of
low levels of transition metals in dry or lyophilized preparations
of this dosage form increase particulate matter formation.
Therefore it is proposed to expand the test for Particulate
matter from the original brief cross-reference to general chapter
h788i to present a complete detailed test preparation and
instructions specific to this monograph. These parameters cover
the worst conditions that may occur in clinical use.

6. Add a test for Related compounds.
7. Revise the Assay to use the same Mobile phase and

Chromatographic system as the Related compounds test.
The liquid chromatographic procedures in the Related compounds

test and the Assay are based on analyses performed using the Waters
Low UV PIC A Ion Pairing Reagent brand of tetrabutylammonium
hydrogen sulfate ion pairing reagent and a Phenomenex Luna
Phenylhexyl brand of L11 column. Typical retention times for
tazobactam and piperacillin are about 3.8 and 17.5 minutes,
respectively.

(MD-ANT: A. Wise; MSA: R. Tirumalai) RTS—C49049

Add the following:

&Piperacillin and Tazobactam for
Injection

» Piperacillin and Tazobactam for Injection con-

tains amounts of Piperacillin Sodium and Tazo-

bactam Sodium equivalent to not less than 90.0

percent and not more than 110.0 percent of the

labeled amounts of piperacillin (C23H27N5O7S) and

tazobactam (C10H12N4O5S), the labeled amounts

representing proportions of piperacillin to tazobac-

tam of 8 : 1. It may contain small amounts of a

suitable buffer and stabilizer.

Packaging and storage—Preserve in Containers for Sterile

Solids as described in the Packaging section under Injections

h1i. Store at controlled room temperature.
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Labeling—Label it to indicate its sodium content.

USP Reference standards h11i—USP Endotoxin RS. USP

Piperacillin RS. USP Tazobactam RS. USP Tazobactam

Related Compound A RS.

Identification—The retention times of the main peaks for

piperacillin and tazobactam in the chromatogram of the Assay

preparation correspond to those in the chromatogram of the

Standard preparation, as obtained in the Assay.

Bacterial endotoxins h85i—It contains not more than 0.08

USP Endotoxin Unit in a portion equivalent to 1 mg of a

mixture of piperacillin and tazobactam (0.89 and 0.11 mg,

respectively).

Sterility h71i: It meets the requirements when tested as

directed for Membrane Filtration under Test for Sterility of

the Product to be Examined meets the requirements.

Uniformity of dosage units h905i: meets the requirements.

pH h791i: between 5.0 and 7.0, in a solution containing the

equivalent of 40 mg of piperacillin per mL. between 5.5 and

6.8, in a solution containing the equivalent of 200 mg of

piperacillin per mL.

Water, Method I h921i: not more than 2.5%.

Particulate matter h788i: meets the requirements for

small-volume injections. meets the requirements of the test

when test preparations are made using 5% Dextrose Injection,

adjusted with hydrochloric acid to a pH between 3.2 and 3.5,

and spiked with zinc chloride to a level of at least 0.8 ppm of

zinc. The test preparations should be evaluated in accordance

with storage conditions (e.g., 24 hours at room temperature or

48 hours of refrigerated storage) and over the range of

concentrations defined by approved label conditions. [NOTE—

Dry or lyophilized preparations of Piperacillin and Tazobac-

tam for Injection are susceptible to increased particulate

matter formation in conditions of low pH and in the presence

of trace transition metals.]

Related compounds—[NOTE—Refrigerate the Standard

preparation and the Assay preparation immediately after

preparation and during analysis, using a refrigerated auto-

sampler set at 5+38. The solutions should be analyzed within

24 hours of preparation.]

Mobile phase, Diluent, System suitability solution, and

Chromatographic system—Prepare as directed in the Assay.

Standard solution—Use the Standard preparation as

directed for the Assay.

Test solution—Use the Assay preparation.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all

the peak areas. Identify the impurity peaks, using the relative

retention times provided in Table 1. Calculate the percentage

of each impurity in the portion of Piperacillin and

Tazobactam for Injection taken by the formula:

(P)(1 /F)(CS /WU)(D)(ri / rS)(100)

in which P is the potency in mg of piperacillin per mg of USP

Piperacillin RS; F is the relative response factor as listed in

Table 1; CS is the concentration, in mg per mL of piperacillin

in the Standard solution; WU is the weight, in mg, of the

product used to prepare the Test solution; D is the dilution

factor used to prepare the Test solution; ri is the response for

each impurity peak in the Test solution; and rS is the response

for the piperacillin peak in the Standard solution: the

specified and unspecified impurities meet the limits in Table

1.

Other requirements—It meets the requirements under

Injections h1i.

Assay—
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Mobile phase—Prepare a mixture of methanol, water, 0.2M

monobasic sodium phosphate, and 0.4M tetrabutylammo-

nium hydroxide (510 : 432 : 50 : 8). Adjust with phosphoric

acid to a pH of 5.5+ 0.02. Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Standard preparation—Prepare a solution of USP Pipera-

cillin RS and USP Tazobactam RS quantitatively in Mobile

phase to obtain a solution having known concentrations of

about 1 mg of USP Piperacillin RS and 0.1 mg of USP

Tazobactam RS per mL.

Assay preparation 1 (where it is represented as being in a

single-dose container)—Constitute a container of Piperacillin

and Tazobactam for Injection with a volume of water,

accurately measured, corresponding to the volume of solvent

specified in the labeling. Withdraw the total withdrawable

contents from the container, using a suitable hypodermic

needle and syringe, and dilute quantitatively, and stepwise if

necessary, with Mobile phase to obtain a solution containing

the equivalent of about 1 mg of piperacillin and 0.1 mg of

tazobactam per mL.

Assay preparation 2 (where the label states the quantities of

piperacillin and tazobactam in a given volume of constituted

solution)—Constitute a container of Piperacillin and Tazo-

bactam for Injection with a volume of water, accurately

measured, corresponding to the volume of solvent specified in

the labeling. Dilute an accurately measured volume of the

constituted solution quantitatively, and stepwise if necessary,

with Mobile phase to obtain a solution containing the

equivalent of about 1 mg of piperacillin and 0.1 mg of

tazobactam per mL.

Table 1

Compound Relative retention time

Relative response factor

(F)1 Limit (%)1

Tazobactam related compound A2 0.12 0.75 1.0

Tazobactam 0.25 — —

Piperacillin impurity 43 0.31 1.0 1.0

Piperacillin impurity 14, 5 0.36 1.0 1.0

Piperacillin related compound A5, 6 0.51 0.56 5.0

Piperacillin related compound C7 0.55 1.0 1.0

Piperacillin impurity 53 0.62 1.0 1.0

Piperacillin impurity 63 0.67 1.0 1.0

Piperacillin 1.0 — —

Any individual unspecified impurity — — 1.0

Total of impurities other than Piperacillin related

compound A

— — 5.0

1 Calculated relative to the peak area of piperacillin.
2 (2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.
3 Specified unidentified impurities.
4 (4S)-2-{[2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
5 This compound has two epimers that usually co-elute but that may be separated as a result of minor changes in the chromatographic
conditions.
6 (2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxyl-
ic acid.
7 (2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-
carboxylic acid.
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Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detector

and a 4.6-mm 6 25-cm analytical column that contains 5-mm

packing L1 . The flow rate is about 2 mL per minute.

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the relative

standard deviation for replicate injections is not more than

2%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak area responses for the major peaks. Calculate the

quantities, in mg, of piperacillin (C23H27N5O7S) and tazobac-

tam (C10H12N4O5S), respectively, withdrawn from the con-

tainer, or in the volume of constituted solution, taken by the

formula:

(L/D)(CS P)(rU / rS)

in which L is the labeled quantity, in mg, of piperacillin or

tazobactam, as appropriate, in the container or in the volume

of constituted solution taken; D is the concentration, in mg

per mL, of piperacillin or tazobactam in Assay preparation

1 or Assay preparation 2, on the basis of the labeled quantity,

in mg, of piperacillin or tazobactam, as appropriate, in the

container and the extent of dilution; CS is the concentration, in

mg per mL, of the appropriate USP Reference Standard in the

Standard preparation; P is the designated potency, in mg, of

piperacillin (C23H27N5O7S) or tazobactam (C10H12N4O5S) in

each mg of the USP Piperacillin RS or the USP Tazobactam

RS; and rU and rS are the responses of the appropriate analyte

peaks obtained from Assay preparation 1 or Assay prepara-

tion 2 and the Standard preparation, respectively.

[NOTE—Refrigerate the Standard preparation and the Assay

preparation immediately after preparation and during analy-

sis, using a refrigerated autosampler set at 5+38. The

solutions should be analyzed within 24 hours of preparation.]

20% phosphoric acid—Prepare a mixture of phosphoric

acid and water (1 : 4).

Mobile phase—Dilute the contents of one vial of

tetrabutylammonium hydrogen sulfate ion pairing reagent

with water to 1 L, and mix well. Prepare a mixture of this

solution and acetonitrile (75 : 25), and adjust with 20%

phosphoric acid to a pH of 3.8. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Diluent—Prepare a mixture of water and acetonitrile

(75 : 25).

Tazobactam related compound A stock solution—Dissolve

an accurately weighed quantity of USP Tazobactam Related

Compound A RS in Diluent to obtain a solution having a

known concentration of about 0.06 mg per mL.

Tazobactam stock preparation—Dissolve an accurately

weighed quantity of USP Tazobactam RS in Diluent to

obtain a solution having a known concentration of about 0.5

mg per mL.

Piperacillin stock preparation—Dissolve an accurately

weighed quantity of USP Piperacillin RS in acetonitrile,

using about 4% of the final volume, and dilute quantitatively

with Diluent to obtain a solution having a known concentra-

tion of about 1.0 mg per mL.

System suitability solution—Transfer accurately measured

volumes of Tazobactam related compound A stock solution

and Tazobactam stock preparation to a suitable volumetric

flask, and dilute quantitatively, and stepwise if necessary, with

Diluent to obtain a solution having known concentrations of

about 0.006 mg of tazobactam related compound A and 0.025

mg of tazobactam per mL.

Standard preparation—Transfer accurately measured vol-

umes of Tazobactam stock preparation and Piperacillin stock

preparation to a suitable volumetric flask, and dilute

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution having known concentrations of about

0.025 mg of tazobactam and 0.2 mg of piperacillin per mL.

Assay preparation—Dissolve an accurately weighed quan-

tity from a vial of Piperacillin and Tazobactam for Injection in

Mobile phase, and dilute quantitatively to obtain a solution
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having a nominal concentration of about 0.025 mg of

tazobactam and 0.2 mg of piperacillin per mL, based on the

label claim.

Chromatographic system—The liquid chromatograph is

equipped with a 210-nm detector and a 4.6-mm615-cm

column that contains 3-mm packing L11. The flow rate is

about 1.0 mL per minute. The autosampler temperature is

maintained at 5+38. Chromatograph the System suitability

solution, and record the peak areas as directed for Procedure:

the resolution, R, between peaks for the tazobactam related

compound A and tazobactam is not less than 3. Chromato-

graph the Standard preparation, and record the peak areas as

directed for Procedure: the tailing factor for the tazobactam

and piperacillin peaks is not more than 1.8; and the relative

standard deviation for replicate injections is not more than

2%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

the label claim of tazobactam (C10H12N4O5S) and piperacillin

(C23H27N5O7S) in the portion of Piperacillin and Tazobactam

for Injection taken by the formula:

(P)(CS /CU)(rU / rS)(100)

in which P is the potency of tazobactam or piperacillin, in mg

per mg, in USP Tazobactam RS and USP Piperacillin RS,

respectively; CS is the concentration, in mg per mL, of

tazobactam or piperacillin in the Standard preparation; CU is

the nominal concentration, in mg per mL, of tazobactam or

piperacillin in the Assay preparation; and rU and rS are the

tazobactam or piperacillin peak area responses obtained from

the Assay preparation and the Standard preparation,

respectively.&2S (USP32)

BRIEFING

Secobarbital Sodium, USP 31 page 3222. In an effort to
modernize the currently official monograph, the following changes
are proposed:
1. The chemical structure of Secobarbital Sodium has been added.
2. Identification test A currently refers to the Assay section for test

specimen preparation. Because the current Assay section is
being replaced, the specific directions for test specimen
preparation has been included in the revision. Also, a test for
identification by retention time match has been added.

3. A test for Related compounds test is added that allows for the
quantitative determination of specified and unspecified impu-
rities.

4. The test for Isomer content is deleted because of the revision
proposal to include a test for Related compounds based on
HPLC, which has high specificity.

5. The currently official nonspecific gravimetric Assay method is
replaced with a highly specific HPLC method.

The methods in both the test for Related compounds and in the
Assay are based on analyses performed with Zorbax Eclipse XDB
brand of L1 column in which secobarbital elutes at about 8.5
minutes.

(MDPP: R. Ravichandran) RTS—C64745

Change to read:

&

&2S (USP32)

C12H17N2NaO3 260.27
2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-(1-methylbutyl)-5-(2-prope-

nyl)-, monosodium salt.
Sodium 5-allyl-5-(1-methylbutyl)barbiturate [309-43-3].

Change to read:

» Secobarbital Sodium contains not less than 98.5
percent and not more than 100.5

&98.0 percent and not more than 102.0&2S (USP32)

percent of C12H17N2NaO3, calculated on the dried basis.

Change to read:

Identification—
A: The IR absorption spectrum of a chloroform solution of the

residue of secobarbital obtained as directed in the Assay exhibits
maxima only at the same wavelengths as that of a similar preparation
of USP Secobarbital RS.

&Infrared Absorption h197Mi—

Test specimen: Dissolve about 500 mg of Secobarbital

Sodium, accurately weighed, in 15 mL of water in a separator.

To the solution, add 2 mL of hydrochloric acid, shake, and
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extract the liberated secobarbital with eight 25-mL portions of

dichloro methane. Test for completeness of extraction by

extracting with an additional 10-mL portion of dichlorometh-

ane and evaporating the solvent: not more than 0.5 mg of

residue remains. Filter the extracts into a tared beaker, and

finally rinse the separator and the filter with several small

portions of dichloromethane. Evaporate the combined filtrate

and washings on a steam bath with the aid of a current of air

just to dryness. Dissolve the residue in 2 mL of dehydrated

alcohol, and evaporate to dryness. Repeat the dissolution and

evaporation with 2 mL of dehydrated alcohol, and dry the

residue at 1008 for 2 hours. Use a suitable amount of the

residue for examination.&2S (USP32)

B: Ignite about 500 mg: the residue effervesces with acids, and
meets the requirements of the tests for Sodium h191i.

&C: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&2S (USP32)

Add the following:

&Related compounds—

Buffer, Mobile phase, and Standard preparation—Prepare

as directed in the Assay.

Standard solution—Quantitatively dilute with Mobile

phase a suitable volume of the Standard preparation to

obtain a final solution having a known concentration of about

5 mg per mL of USP Secobarbital RS.

Test solution—Use the Assay stock preparation.

Chromatographic system—Prepare as directed for Assay.

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the tailing factor for

secobarbital is not more than 2.0; and the relative standard

deviation for five replicate injections for secobarbital is not

more than 6.0%.

Procedure—Separately inject a volume (about 10 mL) of

the Standard solution and the Test solution into the

chromatograph, and record the chromatograms. Identify the

peaks due to the impurities using the relative retention times

given in Table 1. Calculate the percentage of each impurity in

the portion of Secobarbital Sodium taken by the formula:

100(ri / rS)(CS /CU)(1/F)

in which ri is the response of the impurity peak obtained from

the Test solution; rS is the response of secobarbital obtained

from the Standard solution; CS is concentration of USP

Secobarbital RS, in mg per mL, in the Standard solution; CU

is the nominal concentration of Secobarbital Sodium, in mg

per mL, in the Test solution; and F is the relative response

factor given in Table 1. The impurities meet the limits given

in Table 1.

Table 1

Compound

Relative

Retention

Time

(RRT)

Relative

Response

Factor (F) Limit (%)

Imino impurity1 0.33 1.7 NMT 1.0

2-Hydroxy Propyl

Impurity2

0.38 0.95 NMT 0.25

Secobarbital 1.0 1.0 —

MIBK impurity3 1.61 0.96 NMT 0.55

Any individual

unspecified impurity

— 1.0 NMT 0.10

Total Impurities — — NMT 1.5

1 5-Allyl-4-imino-5-(1-methylbutyl) barbituric acid.
2 5-(2-Hydroxypropyl)-5-(1-methylbutyl) barbituric acid.
3 5-Allyl-5-(1-3-dimethylbutyl) barbituric acid.

&2S (USP32)

Delete the following:

&Isomer content—Dissolve about 300+ 5 mg in 5 mL of sodium
hydroxide solution (1 in 100), add a solution of 300+ 5 mg of p-
nitrobenzyl bromide in 10 mL of alcohol, reflux for 30 minutes, cool,
collect the precipitate on a small filter, and wash with water: the
precipitate, recrystallized from 25 mL of alcohol and dried at 1058
for 30 minutes, melts between 1568 and 1618.&2S (USP32)

Change to read:

Assay—Dissolve about 500 mg of Secobarbital Sodium, accurately
weighed, in 15 mL of water in a separator. To the solution add 2 mL
of hydrochloric acid, shake, and extract the liberated secobarbital
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with eight 25-mL portions of chloroform. Test for completeness of
extraction by extracting with an additional 10-mL portion of
chloroform and evaporating the solvent: not more than 0.5 mg of
residue remains. Filter the extracts into a tared beaker, and finally
rinse the separator and the filter with several small portions of
chloroform. Evaporate the combined filtrate and washings on a
steam bath with the aid of a current of air just to dryness. Dissolve
the residue in 2 mL of dehydrated alcohol, and evaporate to dryness.
Repeat the dissolution and evaporation with 2 mL of dehydrated
alcohol, and dry the residue at 1008 for 2 hours. The weight of the
residue, multiplied by 1.092, represents the weight of C12H17N2NaO3.

&Buffer—Dissolve 1.36 g of monobasic potassium phos-

phate in 1000 mL of water.

Diluted phosphoric acid—Dilute orthophosphoric acid with

water (4 : 1).

Mobile phase—Prepare a mixture of Buffer and acetonitrile

(13 : 7). Adjust with Diluted phosphoric acid to a pH of 3.5.

Standard preparation—In a suitable volumetric flask,

dissolve an accurately weighed quantity of USP Secobarbital

RS in Mobile phase to obtain a solution having a known

concentration of about 0.4 mg per mL of secobarbital.

Assay stock preparation—Transfer about 100 mg of

Secobarbital Sodium into a 100-mL volumetric flask. Add

60 mL of Mobile phase, and sonicate to dissolve. Dilute with

Mobile phase to volume, and mix.

Assay preparation—Quantitiavely dilute with Mobile phase

the Assay stock preparation to obtain a nominal concentration

of 0.4 mg per mL of secobarbital sodium.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm detector

and a 4.6-mm 6 15.0-cm column containing 3.5-mm packing

L1. The flow rate is about 1 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor for secobarbital is

not more than 2.0; and the relative standard deviation from

replicate injections for secobarbital is not more than 2.0%.

Procedure—Separately inject a volume (about 10 mL ) of

the Standard preparation and the Assay preparation into the

chromatograph, and record the chromatograms. Identify the

peaks due to the impurities using the relative retention times

given in Table 1. Calculate the percentage of C12H17N2NaO3,

in the portion of Secobarbital Sodium taken by the formula:

100(CS /CU)(rU / rS)(Mr1 /Mr2)

in which CS is concentration, in mg per mL, of USP

Secobarbital RS in the Standard preparation; CU is the

nominal concentration of Secobarbital Sodium, in mg per mL,

in the Assay preparation; rU is the response of secobarbital

peak obtained from the Assay preparation; rS is the response

of secobarbital peak obtained from the Standard preparation;

Mr1 is the molecular weight of secobarbital sodium, 260.27;

and Mr2 is the molecular weight of secobarbital,

238.28.&2S (USP32)

BRIEFING

Sibutramine Hydrochloride. Because there is no existing USP
monograph for this article, a new monograph is being proposed. The
gas chromatographic procedures in the test for Related compounds
are based on analyses performed with a 0.5-mm phase G5 DB-23
brand Megabore 0.5-mm6 15-m column. The typical retention time
for sibutramine is about 20 minutes. The liquid chromatographic
procedures in the Assay are based on analyses performed with a
Waters micro-Bondapak brand of L1 column. The typical retention
time for sibutramine is about 16 minutes.

(MDCCA: C. Anthony) RTS—C50837

Add the following:

&Sibutramine Hydrochloride

C17H29Cl2NO 334.32

Cyclobutanemethanamine, 1-(4-chlorophenyl)-N,N-dimethyl-

a-(2-methylpropyl)-, hydrochloride, monohydrate, (+)-.

(+)-1-(p-Chlorophenyl)-a-isobutyl-N,N-dimethylcyclobuta-

nemethylamine hydrochloride monohydrate

[125494-59-9].
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» Sibutramine Hydrochloride contains not less than

98.0 percent and not more than 102.0 percent of

C17H29Cl2NO, calculated on the anhydrous basis.

Packaging and storage—Preserve in tight containers. Store

at room temperature.

USP Reference standards h11i—USP Sibutramine Hydro-

chloride RS. USP Sibutramine Related Compound A RS. USP

Sibutramine Related Compound B RS. USP Sibutramine

Related Compound C RS. USP Sibutramine Related Com-

pound D RS.

Identification—

A: Infrared Absorption h197Mi.

B: It meets the requirements of the tests for Chloride

h191i, a solution containing 1 mg per mL of Sibutramine

Hydrochloride in 3M nitric acid being examined.

C: Specific optical rotation h781Si: between –0.18 and

+0.18, determined at 208.

Test solution—Transfer approximately 3.0 g, accurately

weighed, of Sibutramine Hydrochloride, into a 20-mL

volumetric flask, and dissolve in approximately 15 mL of

alcohol. Place in a water bath at 208 and after about 15

minutes dilute with alcohol to volume, and mix.

Water, Method I h921i: between 4.5% and 6.0%.

Residue on ignition h281i: not more than 0.1%, deter-

mined on 1.5 g. Ignite at 4508. [NOTE—Use the residue

obtained for the Heavy metals test.]

Heavy metals: not more than 0.001%.

Phenolphthalein solution—Prepare a 1.0% w/v solution of

phenolphthalein in 50% v/v alcohol solution.

Acetate buffer pH 3.5—Dissolve 25 g of ammonium acetate

in 25 mL of water, and add 27.5 mL of concentrated

hydrochloric acid. Measure the pH, and adjust if necessary,

with either 2M hydrochloric acid or 3M ammonia solution to

a pH of 3.5. Dilute with water 100 mL, and mix.

Standard lead solution—Dissolve 0.16 g of lead nitrate in

80 mL of water containing 1 mL of concentrated nitric acid.

Dilute with water to 1000 mL. Dilute 10 mL of this solution

with water to 50 mL. Dilute 5 mL of this solution with water

to 100 mL. This solution contains 1 mg lead per mL.

Test solution—Determine heavy metals from the residue

retained from the test for Residue on ignition. Dissolve the

residue in 0.5 mL of concentrated hydrochloric acid.

Evaporate the solution on a water bath to dryness. Dissolve

the residue in 2 mL of water. Add about 3 drops of the

Phenolphthalein solution, and neutralize with 1M sodium

hydroxide solution. Dilute with water to 15 mL, and mix.

Procedure—Transfer 12.0 mL of the Test solution to a

Nessler cyclinder. Place 2 mL of the Test solution into a

second Nessler cylinder, and add 10 mL of the Standard lead

solution. Treat the two Nessler cylinders equally. Add 1.2 mL

of thioacetamide–glycerin base TS, and mix. Then add 2 mL

of Acetate buffer pH 3.5, and mix. Allow the solutions to

stand for 2 minutes. The Test solution is not more intensely

colored than the Standard lead solution. Not more than 10

ppm of heavy metals (as lead) is found.

Related compounds—

Diluent—Prepare a solution of methanol, 1M sodium

hydroxide, and dichloromethane (10 : 1 : 10).

System suitability stock solution—Prepare a solution

containing 0.1 mg per mL each of USP Sibutramine Related

Compound A RS, USP Sibutramine Related Compound B

RS, USP Sibutramine Related Compound C RS, and USP

Sibutramine Related Compound D RS in Diluent, and mix

well.

System suitability solution—Transfer about 100 mg of USP

Sibutramine Hydrochloride RS, accurately weighed, into a

small vial. Add 1 mL of System suitability stock solution and

9 mL of Diluent, and mix.

Test solution—Transfer about 100 mg of previously ground

Sibutramine Hydrochloride, accurately weighed, to a 10.0-

mL volumetric flask, and dissolve in and dilute with the

Diluent to volume.
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Chromatographic system (see Chromatography

h621i)—The gas chromatograph is equipped with a flame-

ionization detector and a 0.5-mm 6 15-m column coated

with 0.5-mm phase G5. The carrier gas is nitrogen, flowing at

a rate of about 7.5 mL per minute. The injection port and the

detector temperatures are 2008 and 2508, respectively. The

chromatograph is programmed as follows. Upon injection, the

column temperature is maintained at 1008 for 10 minutes; the

temperature is increased at a rate of 18 per minute to 1308; the

temperature is increased 58 per minute to 1758 and

maintained at 1758 for 10 minutes; the temperature is

increased 1.58 per minute to 2158 and maintained for 15

minutes. The flow rate is adjusted so that the main peak is

eluted after about 20 minutes. Chromatograph the System

suitability solution, record the chromatograms, and measure

the peak responses as directed for Procedure. See Table 1 for

the relative retention times of each impurity. The resolution,

R, between sibutramine related compound A and sibutramine

related compound B is not less than 1.3.

Procedure—Separately inject equal volumes (about 1.0 mL)

of the Diluent and the Test solution into the chromatograph,

record the chromatograms, and measure the peak responses.

Calculate the percentage of each impurity by area normali-

zation. Disregard peaks corresponding to those obtained from

the Diluent and peaks less than 0.05%.

Table 1. Approximate Relative Retention Time (RRT) for
Known Related Compounds

Compound

Approximate

Relative

Retention

Time (RRT)

Limit

(%)

N-{3-Methyl-1-(1-phenylcyclobu-

tyl)butyl}-N,N-dimethylamine hy-

drochloride

0.33 0.1

N-[1-(4-Chlorophenyl) cyclobutyl-

methyl]-N, N-dimethylamine hy-

drochloride

0.42 0.1

Sibutramine related compound A1 0.73 0.1

Table 1. Approximate Relative Retention Time (RRT) for Known
Related Compounds (Continued)

Compound

Approximate

Relative

Retention

Time (RRT)

Limit

(%)

Sibutramine related compound B2 0.83 0.1

Sibutramine related compound C3 1.14 0.1

Sibutramine related compound D4 1.19 0.1

1-[1-(4-Chlorophenyl)cyclobutyl]-

3-methylbutylamine hydrochloride

1.45 0.1

(N-{1-[1-(4-Chlorophenyl)cyclo-

butyl]-2-phenylethyl}-N-N-di-

methylamine hydrochloride)

2.2 0.1

Total specified impurities — 0.3

Any unspecified impurities — 0.1

Total unspecified impurities — 0.2

1 N-{1-[1-(2-Chlorophenyl)cyclobutyl]-3-methylbutyl}-N,N-dimeth-
ylamine hydrochloride.
2 N-{1-[1-(3-Chlorophenyl)cyclobutyl]-3-methylbutyl}-N,N-dimeth-
ylamine hydrochloride.
3 N-{1-[1-(4-Chlorophenyl)cyclobutyl]pentyl}-N,N-dimethylamine
hydrochloride.
4 N-{1-[1-(4-Chlorophenyl)cyclobutyl]-3-methylbutyl}-N-methyl-
amine hydrochloride.

The limits are listed in Table 1.

Assay—

Mobile phase—Dissolve 1.0 g of 1-butanesulfonic acid

sodium salt monohydrate in 675 mL of water, and adjust with

phosphoric acid to a pH of 3.0. Add 325 mL of acetonitrile

and 10 mL of tetrahydrofuran, and mix.

Internal standard solution—Prepare a 0.75% w/v solution

of 4-bromophenol in methanol, and mix.

Standard preparation—Transfer about 100 mg of USP

Sibutramine Hydrochloride RS, accurately weighed, into a

100-mL volumetric flask, add 10.0 mL of Internal standard

solution and 90 mL of methanol, dissolve, and mix. Dilute

this solution in methanol (1 : 10), and mix.

Resolution solution—Prepare a solution containing 0.5 mg

per mL of USP Sibutramine Related Compound D RS in

methanol. Pipet 1.0 mL of this solution into a 50-mL
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volumetric flask, add approximately 50 mg of USP

Sibutramine Hydrochloride RS, dissolve in and dilute with

methanol to volume, and mix. Transfer 10.0 mL of this

solution into a 100-mL volumetric flask, add 1.0 of Internal

standard solution and 90 mL of methanol, and mix.

Assay preparation—Transfer about 100 mg of Sibutramine

Hydrochloride, accurately weighed, into a 100-mL volumet-

ric flask, add 10.0 mL of Internal standard solution and 90

mL of methanol, dissolve, and mix. Dilute this solution in

methanol (1 : 10), and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detector

and a 3.9-mm 6 30-cm column that contains packing L1.

The column is maintained at 308 and the flow rate is about

2 mL per minute. Chromatograph the Resolution solution,

and record the peak responses as directed for Procedure: the

approximate relative retention times are 1.0 for 4-bromophe-

nol and 2.4 for sibutramine; and the resolution, R, of

sibutramine and sibutramine related compound D is not less

than 1.4. Chromatograph the Standard preparation and the

Assay preparation as directed for Procedure. Calculate the

ratio of the peak areas of sibutramine to the internal standard

in the Standard preparation and the Assay preparation. The

area ratios for duplicates agree to within 1.0%.

Procedure—Separately inject equal volumes (about 15 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

mg, of C17H29Cl2NO in the portion of Sibutramine Hydro-

chloride taken by the formula:

100C(RU /RS)

in which C is the concentration, in mg per mL, of USP

Sibutramine Hydrochloride RS in the Standard preparation;

and RU and RS are the peak area ratios of sibutramine to the

internal standard in the Assay preparation, and the Standard

preparation, respectively.&2S (USP32)

BRIEFING

Soybean Oil, USP 31 page 3265. Based on the comments
received, also based on the Refined Soya-bean Oil monograph in
European Pharmacopeia, 6th Edition, further on the Soybean Oil
(Unhydrogenated) monograph in Food Chemicals Codex, 6th
Edition, it is proposed to make the following revisions.

1. Add a CAS number.
2. In the Labeling section, add an indication for any specific grade

used in parenteral application.
3. Add an Identification test using the test for Fatty acid

composition, which is being updated.
4. Delete the tests for Specific gravity and Refractive index, and

move these two tests to the Description and Solubility section.
5. Replace the test for Free fatty acid with a test for Acid value.

The specification for the test of Acid value is equivalent to the
previous specification of the test for Free fatty acids.

6. With the updating of the Fatty acid composition test, Iodine
value and Saponification value are deleted.

7. Delete the test for Cottonseed oil.
8. Change the test title from Peroxide to Peroxide value.
9. Add a test for Water.
10. Add a test for Alkaline impurities.
11. Add a test for Sterol composition.
12. For Soybean Oil intended for use in injectable dosage forms,

more stringent requirements specified in General Chapter
Injections h1i must be met.

Some additional changes are editorial.

(EM2: H. Wang) RTS—C61256

Add the following:

&[8001-22-7].&2S (USP32)

Change to read:

Labeling—Label it to indicate the name and quantity of any added
antioxidant.

&Where Soybean Oil is intended for use in the manufacture of

injectable dosage forms, it is so labeled.&2S (USP32)

Add the following:

&Identification—It meets the requirements of the test for

Fatty acid composition.&2S (USP32)

Delete the following:

&Specific gravity h841i: between 0.916 and 0.922.&2S (USP32)

Delete the following:

&Refractive index h831i: between 1.465 and 1.475.&2S (USP32)

Change to read:

Heavy metals, Method II h231i:

&not more than&2S (USP32)
0.001%.
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Delete the following:

&Free fatty acids h401i—The free fatty acids in 10 g require for
neutralization not more than 2.5 mL of 0.020N sodium hydrox-
ide.&2S (USP32)

Add the following:

&Acid value h401i: not more than 0.3.&2S (USP32)

Change to read:

Fatty acid composition—Place about 1 g of Oil in a small conical
flask fitted with a reflux attachment. Add 10 mL of methanol and 0.5
mL of 1N methanolic potassium hydroxide solution prepared by
dissolving 34 g of potassium hydroxide in sufficient methanol to
produce 500 mL, allowing to settle for 24 hours, and decanting the
clear solution. Reflux the mixture for 10 minutes, cool, transfer to a
separator with the aid of 15 mL of n-heptane, shake with 10 mL of
saturated sodium chloride solution, and allow to separate. Transfer
the lower layer to another separator, and shake it with 10 mL of n-
heptane. Wash the combined organic layers with 10 mL of water, dry
over anhydrous sodium sulfate, and filter. Introduce a suitable
portion of the filtrate into a gas chromatograph equipped with a
flame-ionization detector and a column, preferably glass, 1.5 m in
length and 4 mm in internal diameter packed with 10% liquid phase
G4 on support S1A, maintained at a temperature of 1758. The carrier
gas is nitrogen. Measure the 5 main peak areas of the methyl esters
of the fatty acids. The order of elution is palmitate, stearate, oleate,
linoleate, and linolenate, and their relative areas, expressed as
percentages of the total area of the 5 main peaks, are in the ranges 7
to 14, 1 to 6, 19 to 30, 44 to 62, and 4 to 11, respectively.

&Soybean Oil exhibits the following composition profile of

fatty acids, as determined in the section Fatty Acid

Composition under Fats and Fixed Oils h401i:

Carbon-Chain

Length

Number of Double

Bonds Percentage (%)

514 0 50.1

14 0 50.2

16 0 9.0–13.0

16 1 50.3

18 0 3.0–5.0

18 1 19.0–30.0

18 2 48.0–58.0

18 3 5.0–11.0

20 0 51.0

20 1 51.0

22 0 50.5

22 1 50.1

24 0 50.3

&2S (USP32)

Delete the following:

&Iodine value, Method II h401i: between 120 and 141.&2S (USP32)

Delete the following:

&Saponification value h401i: between 180 and 200.&2S (USP32)

Delete the following:

&Cottonseed oil—Mix 10 mL in a 250- 6 25-mm test tube with 10
mL of a mixture of equal volumes of amyl alcohol and a 1 in 100
solution of sulfur in carbon disulfide. Warm the mixture carefully.
[Caution—Carbon disulfide vapors may be ignited with a hot bath
or hot steam pipe.] When the carbon disulfide has been expelled,
immerse the tube to one-third of its length in a boiling, saturated
solution of sodium chloride: no red color develops in the mixture
within 15 minutes.&2S (USP32)

Change to read:

Peroxide

&value—&2S (USP32)
Mixed solvent—Mix 60 mL of glacial acetic acid with 40 mL of

chloroform.
Potassium iodide solution—Prepare a saturated solution of

potassium iodide in freshly boiled and cooled water, and store it
protected from light. Discard it if it gives a color on addition of
Mixed solvent and starch TS.
Procedure—Transfer about 10 g of Oil, accurately weighed, to a

conical flask, add 30 mL of Mixed solvent, swirl to dissolve, add 0.5
mL of Potassium iodide solution, swirl the flask for 1 minute,
accurately timed, add 30 mL of water, and titrate with 0.01N sodium
thiosulfate VS, with vigorous agitation, to a light yellow color. Add
0.5 mL of starch TS, and continue the titration until the blue color
has disappeared. Perform a blank test, and make any necessary
correction. Calculate the peroxide content, in mEq per kg, taken by
the formula:

1000VN/W

in which V is the volume, in mL, of sodium thiosulfate required and
N is its normality; andW is the weight, in g, of Oil taken. The limit is
10.0.

Add the following:

&Water, Method I h921i: not more than 0.1%. Use a

mixture of equal volumes of decanol and anhydrous methanol

as the solvent.&2S (USP32)

Add the following:

&Alkaline impurities—Mix 10 mL of freshly distilled

acetone and 0.3 mL of water, and add 0.05 mL of

bromophenol blue TS. If necessary, neutralize the solution

to a green color with 0.01N hydrochloric acid or 0.01N

sodium hydroxide. Add 10 mL of Soybean Oil, shake, and
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allow to stand. Titrate with 0.01N hydrochloric acid VS to

change the color of the upper layer to yellow: not more than

0.1 mL of 0.01N hydrochloric acid is required.&2S (USP32)

Add the following:

&Sterol composition—Proceed as directed in the section

Sterol Composition under Fats and Fixed Oils h401i: the

sterol fraction of the oil contains not more than 0.3% of

brassicasterol.&2S (USP32)

Add the following:

&Other requirements—For Soybean Oil intended for use in

injectable dosage forms, which is specified in the Labeling,

the requirements for Acid Value, Peroxide Value, Unsaponifi-

able Matter, and Water in the subsection Other Vehicles of the

section Ingredients under Injections h1i must be met.&2S (USP32)

BRIEFING

Terconazole. Because there is no existing USP monograph for
this drug substance, a new monograph, based on validated methods
of analysis, is being proposed. The liquid chromatographic
procedure in the Related compounds test is based on analyses
performed with the Hypersil ODS, 3-mm brand of L1 column. The
typical retention times are about 13.2 minutes for impurity B, 14.3
minutes for impurity A, and 15 minutes for terconazole.

(MD-AA: B. Davani) RTS—C49318

Add the following:

&Terconazole

C26H31Cl2N5O3 532.46

Piperazine, 1-[4-[[2-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-

1-ylmethyl)-1,3-dioxolan-4-yl]methoxy]phenyl]-4-(1-

methylethyl)-, cis-.

cis-1-[p-[[2-(2,4-Dichlorophenyl)-2-(lH-1,2,4-triazol-1-

ylmethyl)-1,3-dioxolan-4-yl]methoxy]phenyl]-4-isopro-

pylpiperazine [67915-31-5].

» Terconazole contains not less than 98.5 percent

and not more than 101.5 percent of C26H31Cl2N5O3,

calculated on the dried basis.

Packaging and storage—Preserve in light-resistant contain-

ers. Store at room temperature.

USP Reference standards h11i—USP Terconazole RS.

Identification, Infrared Absorption h197Ki.

Specific rotation h781Si: between –18 and +18 at 208.

Test solution: 40 mg per mL solution in methylene

chloride.

Loss on drying h731i—Dry it in a vacuum at 808 for 4 hours:

it loses not more than 0.5% of its weight, a 2.0-g specimen

being used.

Residue on ignition h281i: not more than 0.1%, a 2.0-g

specimen being used.

Related compounds—[NOTE—Use the solutions within 24

hours if protected from light and within 1 hour if not

protected from light.]

Solution A—Prepare and filter a 0.6% ammonium carbonate

solution in water.

Solution B: acetonitrile.

Solution C: tetrahydrofuran.

Mobile phase—Use variable mixtures of Solution A,

Solution B, and Solution C as directed for Chromatographic

system. Make adjustments if necessary (see System Suitability

under Chromatography h621i).
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Standard solution—Dissolve in and dilute with alcohol an

accurately weighed quantity of USP Terconazole RS to obtain

a solution having a known concentration of about 0.1 mg per

mL.

Test solution—Dissolve in and dilute with alcohol an

accurately weighed quantity of Terconazole to obtain a

solution having a concentration of about 10 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 225-nm detector

and a 4.6-mm 6 10-cm column that contains 3-mm packing

L1. The flow rate is about 2 mL per minute. The

chromatograph is programmed as shown in the table below.

Time

(min-

utes)

Solution A

(%)

Solution B

(%)

Solution C

(%) Elution

0–15 80?55 20?25 0?20 linear gradi-

ent

15–17 55?0 25?80 20 linear gradi-

ent

17–20 0 80 20 isocratic

20–21 0?80 80?20 20?0 step gradient

21–25 80 20 0 re-equilibra-

tion

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the tailing factor for

terconazole peak is not less than 0.9 and not more than 1.3;

and the relative standard deviation for replicate injection is

not more than 5.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Test solution and the Standard solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Identify the impurities using the relative

retention times given in Table 1. Calculate the percentage of

each terconazole related compound in the portion of

Terconazole taken by the formula:

100(CS /CU)(rU / rS)(1 /F)

in which CS and CU are the concentrations, in mg per mL, of

terconazole in the Standard solution and the Test solution,

respectively; rU is the peak respone of each impurity obtained

from the Test solution; rS is the peak response of terconazole

obtained from the Standard solution; and F is the relative

response factor for each impurity relative to terconazole.

Table 1

Impurity

Approx.

RRT

Relative

Response

Factor (F)

Limit

(%)

Ba 0.88 0.94 0.50

Ab 0.95 0.92 0.50

Any unspecified

impurity

— 1.0 0.10

Total impurities — —
1.0

a 1-[4-[[(2RS,4SR)-2-(2,4-Dichlorophenyl)-2-[(4H-1,2,4-triazol-4-
yl]methyl]-1,3-dioxolan-4-yl]methoxy]phenyl]-4-(1-methylethyl)pi-
perazine.
b 1-[4-[[(2RS,4RS)-2-(2,4-Dichlorophenyl)-2-[(1H-1,2,4-triazol-1-
yl)methyl]-1,3-dioxolan-4-yl)methoxy]phenyl]-4-(1-methylethyl)pi-
perazine.

The limits in Table 1 are met. Disregard any impurity that is

less than 0.10%.

Assay—Dissolve about 135 mg of Terconazole, accurately

weighed, in about 70 mL of previously neutralized glacial

acetic acid. Titrate with 0.1 N perchloric acid VS, and

determine the endpoint potentiometrically (see Titrimetry

h541i). Each mL of 0.1N perchloric acid is equivalent to

17.75 mg of C26H31Cl2N5O3.&2S (USP32)

BRIEFING

Vancomycin Hydrochloride for Injection, USP 31 page 3501
and page 112 of PF 34(1) [Jan.–Feb. 2008]. On the basis of
comments received, it is proposed to revise the monograph as
follows:
1. The original references to Labeling and Uniformity of Dosage

Units in the Other requirements section were replaced with
separate Labeling and Uniformity of dosage units sections.

2. The tests for Identification, pH, and Water were expanded from
their original brief cross references to the Vancomycin
Hydrochloride monograph to present complete detailed proce-
dures. The original references to these tests in the Other
requirements section were replaced with separate sections for
each test.
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3. The Other requirements section was revised to refer only to the
requirements for injectable products.

(MD-ANT: A. Wise) RTS—C63089

Change to read:

» Vancomycin Hydrochloride for Injection is a sterile
dry mixture of Vancomycin Hydrochloride and

~may contain~USP32

a suitable stabilizing agent. It has a potency equivalent
to not less than 925 mg of vancomycin per mg,
calculated on the anhydrous basis. In addition, it

~

~USP32

contains not less than 90.0 percent and not more than
115.0 percent of the labeled amount of vancomycin.

Add the following:

&Labeling—It meets the requirements for Labeling under

Injections h1i.&2S (USP32)

Add the following:

&Identification, Infrared Absorption h197Ki.&2S (USP32)

Add the following:

&Water, Method I h921i: not more than 5.0%.&2S (USP32)

Add the following:

&pH h791i: between 2.5 and 4.5, in a solution containing

50 mg of vancomycin hydrochloride per mL.&2S (USP32)

Add the following:

&Uniformity of dosage units: meets the require-

ments.&2S (USP32)

Change to read:

Chromatographic purity—
Triethylamine buffer, Solution A, Solution B, Mobile phase,

Resolution solution, and Chromatographic system—Prepare as
directed in the test for Chromatographic purity under Vancomycin
Hydrochloride.
Test preparation A—Prepare a solution of Vancomycin Hydro-

chloride for Injection in Solution A containing 10 mg of vancomycin
per mL.
Test preparation B—Transfer 2.0 mL of Test preparation A to a

50-mL flask, dilute with Solution A to volume, and mix.
Procedure—Proceed as directed for Procedure under Vancomycin

Hydrochloride. Not less than 88.0%

~86.0%~USP32
of vancomycin B is found, and not more than 4.0% of any peak other
than the main peak is found.

Change to read:

Other requirements—It responds to the Identification test and
meets the requirements of the tests for pH and Water under
Vancomycin Hydrochloride. It also meets the requirements for
Uniformity of Dosage Units h905i and Labeling under Injections h1i.
&It meets the requirements under Injections h1i.&2S (USP32)

Change to read:

Assay—
Assay preparation 1 (for determining the mg of vancomycin

equivalent per mg)—Dissolve a suitable quantity of Vancomycin
Hydrochloride for Injection, accurately weighed, in water, and dilute
quantitatively with water to obtain a solution containing about 1 mg
of vancomycin per mL.

~

~USP32

Assay preparation 2

~1~USP32
(where it is represented as being in a single-dose container)—
Constitute a container of Vancomycin Hydrochloride for Injection in
a volume of water, accurately measured, corresponding to the
volume of diluent specified in the labeling. Withdraw all of the
withdrawable contents, using a suitable hypodermic needle and
syringe, and dilute quantitatively with water to obtain a solution
containing about 1 mg of vancomycin per mL.

~Assay preparation 2 (where it is packaged for dispens-

ing)—Dissolve the contents of 1 container of Vancomycin

Hydrochloride for Injection in water, and dilute quantitatively

with water to obtain a solution having a concentration of

about 1 mg of vancomycin per mL.~USP32
Assay preparation 3 (where the label states the quantity of

vancomycin in a given volume of constituted solution)—Constitute a
container of Vancomycin Hydrochloride for Injection in a volume of
water, accurately measured, equivalent to the volume of diluent
specified in the labeling. Dilute an accurately measured volume of
the constituted solution quantitatively with water to obtain a solution
containing about 1 mg of vancomycin per mL.
Procedure—Proceed as directed under Antibiotics—Microbial

Assays h81i, using an accurately measured volume of the appropriate
Assay preparation diluted quantitatively with Buffer No. 4 to yield a
Test Dilution having a concentration assumed to be equal to the
median dose level of the Standard.
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BRIEFING

Vasopressin, USP 31 page 3502; Vasopressin Injection, USP 31
page 3503. It is proposed to modify the Vasopressin monograph to
exclude specifications or tests for vasopressin, 8-L-lysine- (Lypres-
sin). Eventually a separate monograph for Lypressin will be
developed. In the Definition, it is proposed to delete the references
and tests for animal derived material because no evidence could be
found that this material is still marketed; also the limits have been
revised. It is also proposed to add limits for water and acetic acid
content; and the Assay has been revised to improve the chromatog-
raphy and to confirm that the system is capable of resolving closely
related substances.

(BB PP: L. Callahan) RTS—C63160

Change to read:

C46H65N15O12S2 1084.24
Vasopressin, 8-L-arginine- [113-79-1].
C46H65N13O12S2 1056.22
Vasopressin, 8-L-lysine- [50-57-7].

&

&2S (USP32)

Change to read:

» Vasopressin is a polypeptide hormone having the
properties of causing the contraction of vascular and
other smooth muscles, and of antidiuresis. It is prepared
by chemical synthesis. or obtained from the posterior
lobe of the pituitary of healthy, domestic animals used
for food by humans. Its vasopressor activity is not less
than 300 USP Vasopressin Units per mg.

&It contains not less than 95.0 percent and not more

t h a n 1 0 2 . 0 p e r c e n t o f v a s o p r e s s i n

(C46H65N13O12S2), calculated on the anhydrous,

acetic acid-free basis. [NOTE—One mg of anhy-

drous Vasopressin is equivalent to 410 USP

Vasopressin Units.]&2S (USP32)

Change to read:

USP Reference standards h11i—USP Oxytocin RS.

&USP Lypressin RS.&2S (USP32)
USP Vasopressin RS.

Delete the following:

&Oxytocic activity (for product labeled of animal origin)—Proceed
as directed in the Assay under Oxytocin, except that a suitable
dilution of the USP Oxytocin RS will contain approximately 1.2
USP Oxytocin Units per mL of Standard preparation. The oxytocic
activity of the Test preparation is not more than 1.2 USP Oxytocin
Units per mL.&2S (USP32)

Add the following:

&Water, Method Ic: h921i: not more than 8.0%.&2S (USP32)

Add the following:

&Acetic acid content h503i: not more than 15.0%.&2S (USP32)

Change to read:

Assay—
Mobile phase—Dissolve 6.6 g of dibasic ammonium phosphate in

about 950 mL of water, and adjust with concentrated phosphoric acid
to a pH of 3.0. Dilute with water to 1 L, and mix. To 870 mL of this
solution add 130 mL of acetonitrile, and mix. Filter under vacuum
through a 0.45-mm nylon membrane. [NOTE—The retention time of
the vasopressin peak is very sensitive to small changes in acetonitrile
concentration in the Mobile phase.]
Diluent—Dissolve 5.0 g of chlorobutanol in 5.0 mL of glacial

acetic acid, add 5.0 g of alcohol, 1.1 g of sodium acetate, and 1000
mL of water, and mix.

&

&2S (USP32)
Standard preparation—Dissolve the entire contents of a vial of

USP Vasopressin RS in a known volume of Diluent.

&0.25% glacial acetic acid.&2S (USP32)
[NOTE—The solution may be diluted as necessary to a working
concentration range for the assay.]
Assay preparation—Transfer about 10 mg of Vasopressin,

accurately weighed, to a 100-mL

&25-mL&2S (USP32)
volumetric flask. Dissolve in 0.25% glacial acetic acid, and dilute
with the same solvent to volume. Mix, and pipet 5.0 mL of this
solution into a 100-mL volumetric flask, and dilute with 0.25%
glacial acetic acid to volume.

&System suitability solution—Dissolve suitable quantities

of USP Lypressin RS and USP Vasopressin RS in 0.25%

glacial acetic acid to obtain a solution having a known

concentration of about 25 mg of each substance in each

mL.&2S (USP32)
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a variable wavelength
detector set at 220 mm and a 4.6-mm 6 25-cm column that
contains packing L1

&and that has a temperature that is maintained at 40

+1o.&2S (USP32)
The flow rate is 1.0 mL per minute. The column is allowed to
equilibrate for 1 hour before making the first injection. Determine
the suitability of the system (see System Suitability under
Chromatography h621i) as follows. Inject 20 mL of the Standard
preparation into the equilibrated liquid chromatograph, allow about
60 minutes for complete elution, and
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&Chromatograph the Standard preparation and the System

suitability solution, and &2S (USP32)
record the chromatograms as directed for Procedure: the retention
time of the vasopressin peak is between 6 and 9 minutes; and is
completely resolved from adjacent peaks; the resolution, R, between
vasopressin and the nearest adjacent peak is not less than 1.5

&the resolution, R, between the lypressin and vasopressin

peaks is not less than 1.1;&2S (USP32)
and the relative standard deviation for replicate injections is not more
than 2.0% for vasopressin.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the potency of Vasopressin, in USP
Vasopressin Units per mg, by the formula:

20C(rU / rS)(V /W)

&C(rU / rS)(V /W)&2S (USP32)

in which V is the volume of sample solution in which the sample was
dissolved; and W is the amount, in mg, of vasopressin dissolved in
the sample solution; C is the concentration in USP Vasopressin Units
per mL in the Standard preparation; and rU and rS are the peak
responses obtained from the Assay preparation and the Standard
preparation, respectively.

BRIEFING

Vasopressin Injection, USP 31 page 3503—See briefing under
Vasopressin.

(BB PP: L. Callahan) RTS—C63369

Change to read:

Assay—
Mobile phase, Standard preparation,

&System suitability solution,&2S (USP32)
Chromatographic system, and Procedure—Proceed as directed in
the Assay under Vasopressin.

&Diluent—Dissolve 5.0 g of chlorobutanol in 5.0 mL of

glacial acetic acid, add 5.0 g of alcohol, 1.1 g of sodium

acetate, and 1000 mL of water, and mix.

Standard preparation—Dissolve the entire contents of a

vial of USP Vasopressin RS in a known volume of Diluent.

[NOTE—The solution may be diluted as necessary to a

working concentration range for the Assay.]&2S (USP32)
Assay preparation—Pipet 2.0 mL of Injection into a 25-mL

volumetric flask, dilute with 0.25% glacial acetic acid to volume, and
mix.

&Procedure—&2S (USP32)
Calculate the potency, in USP Vasopressin Units per mL, by the
formula:

C(rU / rS)

in which C is the concentration, in USP Vasopressin Units per mL,
of the Standard preparation; and rU and rS are the mean values of the
peak responses obtained from the Assay preparation and the
Standard preparation, respectively.

&[NOTE—The runtime should be long enough to allow for the

elution of the chlorobutanol peak (approximately 60 min-

utes).]&2S (USP32)

BRIEFING

Vinblastine Sulfate for Injection, USP 31 page 3513. On the
basis of comments received, it is proposed to move the Infrared
Absorption test and Sulfate test from the Other requirements section
to the Identification section for clarification.

(MD-OOD: F. Mao) RTS—C64390

Add the following:

&Identification—

A: Infrared Absorption h197Ki—

Test specimen: previously dried in a vacuum at 608 for 16

hours.

B: A solution (1 in 10) meets the requirements of the test

for Sulfate h191i.&2S (USP32)

Change to read:

Other requirements—It responds to the Identification tests under
Vinblastine Sulfate.

&

&2S (USP32)
It meets the requirements for Labeling under Injections h1i.

BRIEFING

Xylose, USP 31 page 3534. On the basis of comments received, it
is proposed to update and clarify the Chromatographic purity section
to incorporate an HPLC method with System suitability require-
ments. It is also proposed to use this new method for the
Identification and Assay. The HPLC method is based on analyses
performed with the Agilent Zorbax Carbohydrate Analysis column
(L##). The typical retention time for the xylose peak is 2.5 minutes.

(EM1: R. Lafaver) RTS—C51831
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Change to read:

USP Reference standards h11i—USP Xylose RS.
&USP Fructose RS.&2S (USP32)

Change to read:

Identification—
A: Solvent system—Mix 60 mL of butyl alcohol with 40 mL of

pyridine and 30 mL of water.
Standard preparation—Prepare a solution of USP Xylose RS in

water to obtain a solution having a concentration of 100 mg per mL.
Test preparation—Dissolve 1 g of Xylose in water, and add water

to make 10 mL.
Spray reagent—Dissolve 1.66 g of phthalic acid and 0.93 g of

freshly distilled aniline in 100 mL of water-saturated butyl alcohol.
The solution may be stored in a brown glass bottle in a cold place,
but is to be discarded if darkening becomes marked.
Chromatographic sheet—Use filter paper (Whatman No. 1 or

equivalent). Draw a spotting line 6 cm from one edge of the sheet.
Procedure—Line a suitable chromatographic chamber, prepared

for descending chromatography (see Chromatography h621i), with
blotting paper. Fill the solvent trough with Solvent system, and place
a sufficient amount of Solvent system in the bottom of the chamber to
permit the lining to be in contact with it. Allow the chamber to
equilibrate for not less than 16 hours. To the spotting line apply 2 mL
of the Standard preparation stepwise so that the spot is not more
than 3 mm in diameter. Similarly apply 2 mL of the Test preparation
to the spotting line and 4 cm from the Standard preparation spot.
Expose the sheet to the atmosphere of the Solvent system in the
closed chamber for 4 hours, then dip the edge of the sheet into the
Solvent system in the trough, and develop until the liquid front has
reached about 2.5 cm from the end of the sheet. Remove the sheet
from the chamber, dry it with the aid of a gentle current of air, apply
the Spray reagent, and dry the sheet at 1058 to 1108 for 5 to 10
minutes. If the spots are faint, respray and redry, and if necessary
view under UV light: the RF value of the spot from the Test
preparation corresponds to that from the Standard preparation.
B: Standard preparation—Transfer 10 mg of USP Xylose RS to

a suitable vial, and add 1 mL of pyridine, 0.2 mL of hexamethyldi-
silazane, and 0.1 mL of chlorotrimethylsilane. Cap the vial, shake
vigorously for 30 seconds, and allow to stand for 5 minutes.
Test preparation—Using 10 mg of Xylose, proceed as directed

under Standard preparation.
Procedure—Use a gas chromatograph equipped with a flame-

ionization detector and a 3-mm 6 1.8-m stainless steel column
packed with 10% phase G2 on support S1A. Under typical
conditions, nitrogen being used as the carrier gas, the column
temperature is operated at 1708, and the injector block and detector
temperatures at 3008. Inject 0.5 mL each of the Test preparation and
the Standard preparation: the retention times correspond.

&A: Infrared Absorption h197Ai.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&2S (USP32)

Change to read:

Chromatographic purity—The paper chromatogram of the Test
preparation in Identification test A shows no foreign spot greater
than any foreign spot from the Standard preparation, and the gas
chromatogram of the Test preparation in Identification test B shows
no foreign peak greater than any foreign peak from the Standard
preparation.

&Use the chromatogram of the Assay preparation, obtained as

directed in the Assay. Calculate the percentage of each

individual impurity, excluding any solvent peaks, in the

portion of Xylose taken:

100(ri / rS)

in which ri is the response of each individual impurity; and rS

is the sum of all of the responses in the chromatogram: not

more than 1.0% of any individual impurity is found, and the

sum of all individual impurities found is not more than

2.0%.&2S (USP32)

Change to read:

Assay—
p-Bromoaniline solution—Dissolve 2 g of p-bromoaniline in 100

mL of thiourea-saturated glacial acetic acid. Store in an amber glass
bottle, and prepare weekly.
Standard preparation—Dissolve a suitable quantity of USP

Xylose RS, accurately weighed, in saturated benzoic acid solution
to obtain a solution having a known concentration of about 100 mg
per mL.
Assay preparation—Dissolve about 1000 mg of Xylose, accurate-

ly weighed, in saturated benzoic acid solution in a 100-mL
volumetric flask, and dilute with saturated benzoic acid solution to
volume. Pipet 1 mL of this solution into a second 100-mL
volumetric flask, dilute with saturated benzoic acid solution to
volume, and mix.
Procedure—[NOTE—In this procedure, keep strict control of time

between steps.] Pipet 1-mL portions of the Standard preparation
into each of two test tubes, and pipet 1-mL portions of the Assay
preparation into each of two other test tubes. Into each tube pipet 5
mL of p-Bromoaniline solution, and mix. Loosely stopper one tube
from each pair, place in a water bath at 708 for 10 minutes, remove,
cool rapidly to room temperature, and mix. Set the tubes in the dark
for 70 minutes. Concomitantly determine the absorbances of the
treated solutions at the wavelength of maximum absorbance at 520
nm, with a suitable spectrophotometer, using the respective untreated
solutions as blanks. Calculate the quantity, in mg, of C5H10O5 in the
portion of Xylose taken by the formula:

10C(AU / AS),

in which C is the concentration, in mg per mL, of USP Xylose RS in
the Standard preparation; and AU and AS are the absorbances of the
solutions from the Assay preparation and the Standard preparation,
respectively.

&Mobile phase—Use a degassed mixture of acetonitrile and

water (75 : 25).

System suitability solution—Prepare a solution in Mobile

phase, containing about 10 mg of USP Xylose RS and 0.2 mg

of USP Fructose RS per mL.

Standard preparation—Dissolve an accurately weighed

quantity of USP Xylose RS in Mobile phase to obtain a

solution having a known concentration of about 10 mg per

mL.
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Assay preparation—Transfer about 100 mg of Xylose,

accurately weighed, to a 10-mL volumetric flask, dissolve in

and dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 192-nm detector

and a 4.6-mm 6 15-cm column that contains packing (L##).

The column temperature is maintained at 308, and the flow

rate is about 2 mL per minute. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the resolution, R, between the xylose and

fructose peaks is not less than 2.0. The relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 25 mL)

of the Assay preparation and the Standard preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

mg, of C5H10O6, in the portion of Xylose taken by the

formula:

10C(rU / rS)

in which C is the concentration, in mg per mL, of USP Xylose

RS in the Standard preparation; and rU and rS are the peak

responses obtained from the Assay preparation and the

Standard preparation, respectively.&2S (USP32)

DIETARY SUPPLEMENTS—
MONOGRAPHS

BRIEFING

Glutamic Acid. Because there is no existing USP monograph for
this dietary ingredient, a new monograph is being proposed.
Interested parties are encouraged to submit comments.

(DSN: L. Evans) RTS—C62407

Add the following:

&Glutamic Acid

C5H9NO4 147.13

L-Glutamic acid.

S-2-Aminopentanedioic acid [56-86-0].

» Glutamic Acid contains not less than 98.5 percent

and not more than 101.5 percent of C5H9NO4, as L-

glutamic acid, calculated on the dried basis.

Packaging and storage—Preserve in well-closed containers,

and store at a controlled room temperature.

USP Reference standards h11i—USP Aspartic Acid RS.

USP Glutamic Acid RS.

Identification, Infrared Absorption h197Ki.

Specific rotation h781Si: between +31.58 and +32.58,

determined at 208.

Test solution: 100 mg per mL, in 6N hydrochloric acid.

Loss on drying h731i—Dry it at 1058 for 3 hours: it loses not

more than 0.1% of its weight.
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Residue on ignition h281i: not more than 0.1%.

Chloride h221i—A 0.7-g portion shows no more chloride

than corresponds to 0.40 mL of 0.01N hydrochloric acid: not

more than 0.02% is found.

Sulfate h221i—A 1.2-g portion shows no more sulfate than

corresponds to 0.25 mL of 0.020N sulfuric acid: not more

than 0.02% is found.

Iron h241i: 0.001%.

Heavy metals, Method I h231i: 0.001%.

Chromatographic purity—

Adsorbent: a 0.25-mm layer of chromatographic silica gel

mixture.

Test solution—Transfer 0.1 g of Glutamic Acid to a 10-mL

volumetric flask, dissolve in 5 mL of ammonia TS, and dilute

with water to volume.

System suitability solution—Dissolve accurately weighed

quantities of USP Glutamic Acid RS and USP Aspartic Acid

RS in water, and dilute stepwise if necessary with water, to

obtain a solution having a known concentration of about 0.4

mg per mL of each.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Glutamic Acid RS in water, and dilute stepwise if

necessary with water, to obtain a solution having a known

concentration of about 0.05 mg per mL.

Application volume: 5 mL.

Developing solvent system: a mixture of butyl alcohol,

water, and glacial acetic acid (3 : 1 : 1).

Spray reagent—Dissolve 0.2 g of ninhydrin in 100 mL of a

mixture of butyl alcohol and 2N acetic acid (95 : 5).

Procedure—Proceed as directed for System Suitability

under Chromatography h621i. After air-drying the plate,

repeat the development process. After air-drying a second

time, spray with Spray reagent, and heat between 1008 and

1058 for about 15 minutes. Examine the plate under white

light. The chromatogram obtained from the System suitability

solution exhibits two clearly separated spots. Any secondary

spot in the chromatogram obtained from the Test solution is

not larger or more intense than the principal spot in the

chromatogram obtained from the Standard solution: not more

than 0.5% of any individual impurity is found, and not more

than 2.0% of total impurities is found.

Assay—Transfer about 140 mg of Glutamic Acid, accurately

weighed, to a 125-mL flask, dissolve in 6 mL of formic acid

and 50 mL of glacial acetic acid, and titrate with 0.1 N

perchloric acid VS, determining the endpoint potentiometri-

cally. Perform a blank determination, and make any necessary

correction (see Titrimetry h541i). Each mL of 0.1N perchloric

acid is equivalent to 14.713 mg of C5H9NO4.&2S (USP32)

BRIEFING

Ground Limestone. Because there is no existing USP monograph
for this dietary ingredient, a new monograph is being proposed.

(DSN: L. Evans) RTS—C62806

Add the following:

&Ground Limestone

» Ground Limestone is a fine, white to off-white,

microcrystalline powder mainly consisting of

calcium carbonate. It is obtained by crushing,

grinding, and classifying naturally occurring lime-

stone, benefited by flotation and/or air classifica-

tion. After drying at 2008 for 4 hours, it contains

not less than 94.0 percent and not more than 100.5

percent of CaCO3.

Packaging and storage—Preserve in well-closed containers.

USP Reference standards h11i—USP Sodium Fluoride RS.
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Identification—

A: The addition of acetic acid to Ground Limestone

produces effervescence (presence of carbonate). The result-

ing solution, after boiling, meets the requirements of the tests

for Calcium h191i.

B: Meets the requirements for Acid-insoluble substances.

Loss on drying h731i—Dry it at 2008 for 4 hours: it loses not

more than 2.0% of its weight.

Acid-insoluble substances—Mix 5.0 g with 25 mL of water.

Add 25 mL of hydrochloric acid, dropwise, with agitation,

until it ceases to cause effervescence. Add water to make the

mixture measure 200 mL, and filter. Wash the insoluble

residue with water until the last washing shows no chloride,

and ignite: the weight of the residue is between 10 and 125

mg (0.2% to 2.5%).

Limit of fluoride—[NOTE—Prepare and store all solutions in

plastic containers.]

Buffer solution—Dissolve 73.5 g of sodium citrate dihy-

drate in water to make 250 mL of solution.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Sodium Fluoride RS quantitatively in water to

obtain a solution containing 1.1052 mg per mL. Transfer 20.0

mL of the resulting solution to a 100-mL volumetric flask

containing 50 mL of Buffer solution, dilute with water to

volume, and mix. Each mL of this solution contains 100 mg of

fluoride ion.

Electrode system—Use a fluoride-specific, ion-indicating

electrode and a silver–silver chloride reference electrode

connected to a pH meter capable of measuring potentials with

a minimum reproducibility of +0.2 mV (see pH h791i).

Standard response line—Transfer 50.0 mL of Buffer

solution and 4.0 mL of hydrochloric acid to a beaker, and

add water to make 100 mL. Add a plastic-coated stirring bar,

insert the electrodes into the solution, stir for 15 minutes, and

read the potential, in mV. Continue stirring, and at 5-minute

intervals, add 100 mL, 100 mL, 300 mL, and 500 mL of

Standard solution, reading the potential 5 minutes after each

addition. Plot the logarithms of the cumulative fluoride ion

concentrations (0.1 mg per mL, 0.2 mg per mL, 0.5 mg per mL,

and 1.0 mg per mL) versus potential, in mV.

Procedure—Transfer 2.0 g of the specimen under test to a

beaker containing a plastic-coated stirring bar, add 20 mL of

water and 4.0 mL of hydrochloric acid, and stir until

dissolved. Add 50.0 mL of Buffer solution and sufficient

water to make 100 mL of test solution. Rinse and dry the

electrodes, insert them into the test solution, stir for 5

minutes, and read the potential, in mV. From the measured

potential and the Standard response line determine the

concentration, C, in mg per mL, of fluoride ion in the test

solution. Calculate the percentage of fluoride in the specimen

taken by multiplying C by 0.005: the limit is 0.005%.

Arsenic, Method I h211i—Slowly dissolve 1.0 g in 15 mL of

hydrochloric acid, dilute with water to 55 mL, omit the

addition of 20 mL of 7N sulfuric acid, as specified under

Procedure: the resulting solution meets the requirements of

the test. The limit is 3 ppm.

Lead h251i—Mix 1.0 g with 5 mL of water, slowly add 8 mL

of 3N hydrochloric acid, evaporate on a steam bath to

dryness, and dissolve the residue in 5 mL of water: the limit is

3 ppm.

Limit of magnesium and alkali salts—Mix 1.0 g with 40

mL of water, carefully add 5 mL of hydrochloric acid, heat

the solution, and boil for 1 minute. Rapidly add 40 mL of

oxalic acid TS, and stir vigorously until precipitation is well

established. Add immediately to the warm mixture 2 drops of

methyl red TS and then 6N ammonium hydroxide, dropwise,

until the mixture is just alkaline. Cool to room temperature,

transfer to a 100-mL graduated cylinder, dilute with water to

100 mL, mix, and allow to stand for 4 hours or overnight.

Filter, and to 50 mL of the clear filtrate in a platinum dish add

0.5 mL of sulfuric acid, and evaporate the mixture on a steam

bath to a small volume. Carefully heat over a free flame to

dryness, and continue heating to complete decomposition and
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volatilization of ammonium salts. Ignite the residue to

constant weight. The weight of the residue does not exceed

17.5 mg (3.5%).

Heavy metals h231i—Mix 1.0 g with 5 mL of water, slowly

add 8 mL of 3N hydrochloric acid, and evaporate on a steam

bath to dryness. Dissolve the residue in 20 mL of water, filter,

and add water to the filtrate to make 25 mL: the limit is

0.002%.

Assay—Transfer about 200 mg of Ground Limestone,

previously dried at 2008 for 4 hours and accurately weighed,

to a 250-mL beaker. Moisten thoroughly with a few mL of

water, and add, dropwise, sufficient 3N hydrochloric acid to

dissolve. Add 100 mL of water, 15 mL of 1N sodium

hydroxide, and 300 mg of hydroxy naphthol blue, and titrate

with 0.05M edetate disodium VS until the solution is a

distinct blue color. Each mL of 0.05M edetate disodium is

equivalent to 5.004 mg of CaCO3.&2S (USP32)

BRIEFING

Guggul; Native Guggul Extract; Purified Guggul Extract;
Guggul Tablets. New monographs are being proposed. The liquid
chromatographic procedure in the test for Content of guggulsterones
E and Z is based on analyses performed with the Merck LiChrospher
or the Phenomenex Gemini brands of L1 column, with 5-mm
packing. The typical retention times observed are about 17 and 24
minutes for guggulsterone E and Z, respectively.

(DSB: M. Sharaf) RTS—C56123

Add the following:

&Guggul

» Guggul is the oleo-gum-resin obtained by

incision or produced by spontaneous exudation

from the stem and branches of Commiphora wightii

(Arnott) Bhandari, also known as Commiphora

mukul (Hook. ex. Stocks) Engl. or Balsamoden-

drum mukul (Hook.) (Fam. Burseraceae). It con-

tains not less than 1.0 percent of guggulsterones E

and Z, calculated on the dried basis as guggulster-

one Z.

Packaging and storage—Preserve in well-closed containers,

protected from light and moisture, and store in a cool place.

Labeling—The label states the Latin binomial of the species

of Commiphora, from which the oleo-gum-resin was obtained

and, following the official name, the part of the plant

contained in the article.

Botanic characteristics—Guggul occurs in rounded or

irregular conglomerates of tears, of variable sizes, light to

dark brown, slightly sticky to touch, with characteristic and

aromatic odor, and an aromatic, astringent taste.

USP Reference standards h11i—USP Purified Guggul

Extract RS. USP Guggulsterone Z RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture.

Test solution—Transfer about 0.5 g of crushed Guggul to a

centrifuge tube, add 25 mL of acetonitrile, shake for 1 minute,

heat in a water bath for 10 to 15 minutes while shaking, cool,

centrifuge, and use the supernatant.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Purified Guggul Extract RS, with heating, in

acetonitrile to obtain a solution having a known concentration

of about 10 mg per mL.

Developing solvent system: a mixture of hexane and ethyl

acetate (6 : 4).

Spray reagent—Prepare a solution of 10% sulfuric acid in

methanol. [NOTE—Prepare fresh immediately before use.]

Procedure—Use a saturated chamber. Separately apply, as

bands, equal volumes (about 10 mL) of the Test solution and

the Standard solution, and proceed as directed in the chapter.

Develop the chromatograms until the solvent front has moved
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about three-fourths the length of the plate, dry the plate, and

examine under UV light at 254 nm. The chromatogram of the

Test solution exhibits bands at RF values of about 0.38 and

0.47, due to guggulsterone E and Z, respectively. Both bands

correspond in RF to bands in the chromatogram obtained from

the Standard solution. Spray with Spray reagent, heat in an

oven at 1008 for 5 minutes, and examine in visible light. The

chromatogram of the Test solution exhibits, among other

bands, an intense purplish red band at an RF value of about

0.32 and two moderately intense violet bands at RF values of

about 0.23 and 0.68, corresponding in color and RF to bands

in the chromatogram obtained from the Standard solution.

B: The chromatogram of the Test solution exhibits peaks

for guggulsterones E and Z at retention times that correspond

to those in the chromatogram of Standard solution 1, as

obtained in the test for Content of guggulsterones E and Z.

Foreign organic matter h561i: not more than 1%.

Residue on ignition h281i: not more than 10.0%, ignited at

800+ 258.

Acid-insoluble ash h561i: not more than 2.0%.

Loss on drying h731i—Dry 1.0 g of finely powdered Guggul

at 1058 for 2 hours: it loses not more than 8.0% of its weight.

Heavy metals, Method III h231i: not more than 20 mg per

g.

Pesticides residue h561i: meets the requirements.

Alcohol-soluble extractives, Method 2 h561i: not less than

33%.

Ethyl acetate soluble extractives—Transfer about 5.0 g of

coarsely powdered Guggul, accurately weighed, to a glass-

stoppered conical flask. Add 25 mL of solvent hexane, insert

a stopper into the flask, shake for one hour, filter, and discard

the filtrate. Repeat twice, and dry the residue in a vacuum

over phosphorous pentoxide at room temperature for 8 hours.

Crush the dried material, and extract with four quantities,

each of 25 mL, of ethyl acetate, by shaking each time for

1 hour at room temperature, followed by filtration through a

sintered glass funnel (porosity No. 3). Evaporate the

combined filtrates under reduced pressure in a tared flask,

dry the residue in a vacuum over phosphorous pentoxide at

room temperature for 12 hours, and weigh. Determine the

percentage of the ethyl acetate soluble extractives calculated

from the weight of Guggul taken: 22%–30% is found.

Content of guggulsterones E and Z—

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (45 : 55). Make adjustments if neces-

sary (see System Suitability under Chromatography h621i).

Standard solution 1—Dissolve an accurately weighed

quantity of USP Purified Guggul Extract RS, with heating, in

acetonitrile to obtain a solution having a known concentration

of about 10 mg per mL. Pass the solution through a filter

having a 0.45-mm porosity before injection.

Standard solution 2—Dissolve an accurately weighed

quantity of USP Guggulsterone Z RS in acetonitrile to obtain

a solution having a known concentration of about 0.1 mg per

mL. Pass the solution through a filter having a 0.45-mm

porosity before injection.

Test solution—Transfer about 2.0 g of crushed Guggul into

a conical flask, and extract four times each with a 50-mL

portion of acetonitrile. Shake for 1 minute, and reflux in a

water bath for 30 minutes, stirring with a magnetic stirrer.

Evaporate the combined extracts to about 50 mL and transfer

to a 100-mL volumetric flask, complete to volume with

acetonitrile, and pass through a filter having a 0.45-mm

porosity before injection.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 242-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1 maintained at a temperature of 27+ 18. The flow rate is

about 2.0 mL per minute. Chromatograph Standard solution

1, and record the peak responses as directed for Procedure:

the chromatogram of Standard solution 1 is similar to the

chromatogram provided with USP Purified Guggul Extract

RS, and the relative retention times are about 0.69 for

guggulsterone E and 1.0 for guggulsterone Z; the resolution,

R, between the guggulsterone Z peak and the peak before is
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not less than 2.0. Chromatograph Standard solution 2, and

record the peak responses as directed for Procedure: the

relative standard deviation of the guggulsterone Z peak in

replicate injections is not more than 2.0%; the tailing factor is

not more than 1.5.

Procedure—Inject equal volumes (about 20 mL) of

Standard solution 1, Standard solution 2, and the Test

solution into the chromatograph, allow to elute for not less

than two times the retention time of guggulsterone Z, and

proceed as directed for Chromatographic system. Record the

chromatograms, and measure the peak responses due to

guggulsterones E and Z. Calculate the percentage of

guggulsterones E and Z as guggulsterone Z in the portion

of Guggul taken by the formula:

10,000(C /W)(rU / rS)

in which C is the concentration, in mg per mL, of USP

Guggulsterone Z RS in Standard solution 2; W is the weight,

in mg, of Guggul taken to prepare the Test solution; rU is the

sum of the peak responses of guggulsterones E and Z in the

Test solution; and rS is the peak response of guggulsterone Z

in Standard solution 2: not less than 1.0% is found.&2S (USP32)

BRIEFING

Native Guggul Extract—See briefing under Guggul, published
elsewhere in this issue.

(DSB: M. Sharaf) RTS—C56126

Add the following:

&Native Guggul Extract

» Native Guggul Extract is prepared from Guggul,

using ethyl acetate, alcohol or methanol. The ratio

of starting crude plant material to Native Extract is

approximately 9 : 1. It contains not less than 5.0

percent of guggulsterones E and Z, calculated on

the anhydrous basis as guggulsterone Z. It does not

contain added substances.

Packaging and storage—Preserve in well-closed containers,

protected from light and moisture, and store in a cool place.

Labeling—The label states the Latin binomial and, following

the official name, the part of the plant contained in the article.

It meets other labeling requirements under Botanical Extracts

h565i.

USP Reference standards h11i—USP Purified Guggul

Extract RS. USP Guggulsterone Z RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Test solution—Homogenize the Native Extract by heating

in a water bath between 608 and 808. Dissolve accurately

weighed quantities of homogenized Native Extract, with

heating, in acetonitrile to obtain a solution having a known

concentration of about 5 mg per mL. Cool, centrifuge, and

use the clear supernatant.

Adsorbent, Application volume, Developing solvent system,

Standard solution, Spray reagent and Procedure—Proceed as

directed for Identification test A under Guggul.

B: The chromatogram of the Test solution exhibits peaks

for guggulsterones E and Z at retention times that correspond

to those in the chromatogram of the Standard solution 1, as

obtained in the test for Content of guggulsterones E and Z.

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 104 cfu per g. The total combined yeast

and mold count does not exceed 103 cfu per g.

Absence of specified microorganisms h2022i—It meets the

requirements of the tests for absence of Salmonella species

and Escherichia coli.
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Water, Method Ia h921i: not more than 5.0%.

Heavy metals, Method II h231i: not more than 20 mg per g.

Pesticides residue h561i: meets the requirements.

Content of guggulsterones E and Z—

Mobile phase, Standard solution 1, Standard solution 2,

and Chromatographic system—Proceed as directed in the test

for Content of guggulsterones E and Z under Guggul.

Test solution—Homogenize the Native Extract by heating

in a water bath between 608 and 808. Dissolve an accurately

weighed quantity of homogenized Native Extract, with

heating, in acetonitrile to obtain a solution having a known

concentration of about 0.2 mg per mL of guggulsterones E

and Z. Pass the solution through a filter having a 0.45-mm

porosity before injection.

Procedure—Proceed as directed in the test for Content of

guggulsterones E and Z under Guggul. Calculate the

percentage of guggulsterones E and Z, as guggulsterone Z,

in the portion of Native Extract taken by the formula:

100(CV /W)(rU / rS)

in which C is the concentration, in mg per mL, of USP

Guggulsterone Z RS in Standard solution 2; V is the final

volume, in mL, of the Test solution; W is the weight, in mg, of

Native Extract taken to prepare the Test solution; rU is the sum

of the peak responses of guggulsterones E and Z in the Test

solution; and rS is the peak response of guggulsterone Z in

Standard solution 2: not less than 5.0% is found.

Other requirements—It meets the requirements for Residual

Solvents under Botanical Extracts h565i.&2S (USP32)

BRIEFING

Purified Guggul Extract—See briefing under Guggul.

(DSB: M. Sharaf) RTS—C56004

Add the following:

&Purified Guggul Extract

» Purified Guggul Extract is prepared from Native

Guggul Extract by fractionation using aqueous

methanol. It contains not less than 90.0 percent and

not more than 110.0 percent of the labeled amount

of guggulsterones E and Z, calculated as guggul-

sterones Z. It may be a semisolid extract with no

added substances or powder extract containing

suitable added substances.

Packaging and storage—Preserve in well-closed containers,

protected from light and moisture, and store in a cool place.

Labeling—The label states the Latin binomial and, following

the official name, the part of the plant contained in the article.

It meets other labeling requirements under Botanical Extracts

h565i.

USP Reference standards h11i—USP Purified Guggul

Extract RS. USP Guggulsterone Z RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Test solution—Dissolve an accurately weighed quantity of

Purified Guggul Extract, with heating, in acetonitrile to obtain

a solution having known concentration of about 10 mg per

mL. Cool, centrifuge, and use the clear supernatant.

Adsorbent, Application volume, Developing solvent system,

Standard solution, Spray reagent, and Procedure—Proceed as

directed for Identification A under Guggul.
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B: The chromatogram of the Test solution exhibits peaks

for guggulsterones E and Z at retention times that correspond

to those in the chromatogram of the Standard solution 1, as

obtained in the test for Content of guggulsterones E and Z.

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 104 cfu per g. The total combined yeast

and mold count does not exceed 103 cfu per g.

Absence of specified microorganisms h2022i—It meets the

requirements of the tests for absence of Salmonella species

and Escherichia coli.

Heavy metals, Method II h231i: not more than 20 mg per g.

Pesticides residue h561i: meets the requirements.

Content of guggulsterones E and Z—

Mobile phase, Standard solution 1, Standard solution 2,

and Chromatographic system—Proceed as directed in the test

for Content of guggulsterones E and Z under Guggul.

Test solution—Dissolve an accurately weighed quantity of

Purified Guggul Extract, with heating, in acetonitrile to obtain

a solution having known concentration of about 0.2 mg per

mL of guggulsterones E and Z. Pass through a filter having a

0.45-mm porosity before injection.

Procedure—Proceed as directed in the test for Content of

guggulsterones E and Z under Guggul. Calculate the

percentage of guggulsterones E and Z, as guggulsterone Z,

in the portion of Purified Guggul Extract taken by the

formula:

100(CV /W)(rU / rS)

in which C is the concentration, in mg per mL, of USP

Guggulsterone Z RS in Standard solution 2; V is the final

volume, in mL, of the Test solution; W is the weight, in mg, of

Purified Guggul Extract taken to prepare the Test solution; rU

is the sum of the peak responses of guggulsterones E and Z in

the Test solution; and rS is the peak response of guggulsterone

Z in Standard solution 2.

Other requirements—It meets the requirements for Residual

Solvents under Botanical Extracts h565i.&2S (USP32)

BRIEFING

Guggul Tablets—See briefing under Guggul.

(DSB: M. Sharaf) RTS—C56124

Add the following:

&Guggul Tablets

» Guggul Tablets are prepared from Native Guggul

Extract or Purified Guggul Extract. Tablets contain

not less than 90.0 percent and not more than 110.0

percent of the labeled amount of Extract, calculated

as the sum of guggulsterones E and Z.

Packaging and storage—Preserve in well-closed containers,

protected from light and moisture, and store at room

temperature.

Labeling—The label states the Latin binominal and,

following the official name, the article from which the

Tablets were prepared. The label also indicates the amount of

Extract, in mg per Tablet, and the content, in mg, of

guggulsterones E and Z per 100 mg of Extract.

USP Reference standards h11i—USP Purified Guggul

Extract RS. USP Guggulsterone Z RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Test solution—Powder and transfer a portion of the Tablets

equivalent to 100 mg of Extract to a conical flask, extract

three times, each with 25 mL of acetonitrile, in a 558 water

bath for 15 minutes, stirring with a magnetic stirrer, and filter.
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Evaporate the combined extracts to dryness in vacuum

between 458 and 508, dissolve the residue in 10 mL of

acetonitrile, centrifuge, and use the clear supernatant.

Adsorbent, Standard solution, Developing solvent system,

Spray reagent, and Procedure—Proceed as directed for

Identification test A under Guggul.

B: The chromatogram of the Test solution exhibits peaks

for guggulsterones E and Z at retention times that correspond

to those in the chromatogram of Standard solution 1, as

obtained in the test for Content of guggulsterones E and Z.

Microbial enumeration h2021i—The total aerobic microbial

count does not exceed 104 cfu per g. The total combined

yeasts and molds count does not exceed 103 cfu per g.

Absence of specified microorganisms h2022i—It meets the

requirements of the tests for absence of Salmonella species

and Escherichia coli.

Disintegration and dissolution h2040i—It meets the

requirement for Disintegration only; 30 minutes, the use of

the disk being omitted.

Weight variation h2091i: meet the requirements.

Residual solvents h467i: meet the requirements.

Content of guggulsterones E and Z—

Mobile phase, Standard solution 1, Standard solution 2,

and Chromatographic system—Proceed as directed in the test

for Content of guggulsterones E and Z under Guggul.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed amount of the

powder, equivalent to about 10 mg of guggulsterones E and

Z to a conical flask, and extract five times, each with a 20-mL

potion of acetonitrile, shake for 1 minute, and reflux in a

water bath for 30 minutes, stirring with a magnetic stirrer.

Evaporate the combined extracts to dryness in a vacuum

between 458 and 508. Dissolve the residue in 50.0 mL of

acetonitrile, and pass through a filter having a 0.45-mm

porosity before injection.

Procedure—Proceed as directed in the test for Content of

guggulsterones E and Z under Guggul except to calculate the

quantity, in mg, of guggulsterones E and Z, as guggulsterone

Z, in the portion of Tablets taken by the formula:

50C(rU / rS)

in which C is the concentration, in mg per mL, of USP

Guggulsterone Z RS in Standard solution 2; rU is the sum of

the peak responses of guggulsterones E and Z in the Test

solution; and rS is the peak response of guggulsterone Z in

Standard solution 2.&2S (USP32)
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category, NF 26
page 1057, page 3612 of the First Supplement, and page 664 of PF
34(3) [May–June 2008]. It is proposed to add Palm Oil to the Coating
Agent and Emulsifying and/or Solubilizing Agent categories to com-
plement the proposed new monograph for Palm Oil, which appears
elsewhere in this issue of PF. In addition, the proposal for Hydrogen-
ated Starch Hydrolysate (Humectant, Sweetening Agent, Tablet Bin-
der, and Tablet and/or Capsule Diluent) is canceled.

(EM1; EM2) RTS—C54944

Change to read:

Antimicrobial Preservative
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben
Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol

&Dehydroacetic Acid&2S (NF26)

~

Erythorbic Acid~NF27

Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:

Antioxidant
Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene

&Stannous Chloride&2S (NF26)

~

Erythorbic Acid~NF27

Hypophosphorous Acid
Monothioglycerol
Potassium Metabisulfite
Propyl Gallate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Change to read:

Buffering Agent
Acetic Acid
Adipic Acid
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid, Anhydrous
Citric Acid Monohydrate

&Alpha-Lactalbumin&1S (NF27)

Lactic Acid
Phosphoric Acid
Potassium Citrate
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic
Sodium Acetate
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid

Change to read:

Bulking Agent for Freeze-Drying
Creatinine

&Alpha-Lactalbumin&1S (NF27)

Mannitol
~

Polydextrose~NF26

&Pullulan&2S (NF26)

~

Trehalose~NF27

Change to read:

Coating Agent
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose, Sodium
Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
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Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)
Coconut Oil

&Hydrogenated Coconut Oil&1S (NF27)

Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose
Phthalate)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hyp rome l l o s e Ph t h a l a t e ( f o rme r l y Hyd r oxyp r opy l
Methylcellulose Phthalate)

&Alpha-Lactalbumin&1S (NF27)

Maltodextrin
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
Palm Kernel Oil

&Palm Oil&2S (NF27)

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol

~

Polyvinyl Acetate~NF27

Polyvinyl Acetate Phthalate

&Pullulan&2S (NF26)
~

Fully Hydrogenated Rapeseed Oil~NF26
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Change to read:

Complexing Agent
Edetate Calcium Disodium
Edetate Disodium
Edetic Acid

&Alpha-Lactalbumin&1S (NF27)

Oxyquinoline Sulfate

Change to read:

Desiccant
Calcium Chloride
Calcium Sulfate

~

Polyvinyl Acetate~NF27

Silicon Dioxide

Change to read:

Emollient
Alkyl (C12-15) Benzoate
~

Oleyl Oleate~NF26

&Hydrogenated Polydecene&1S (NF26)

Hydrogenated Soybean Oil

Change to read:

Emulsifying and/or Solubilizing Agent
Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol

&Stannous Chloride&2S (NF26)

Coconut Oil
Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates

&Gamma Cyclodextrin&2S (NF26)

Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate

&Alpha-Lactalbumin&1S (NF27)

Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
~

Oleyl Oleate~NF26

Palm Kernel Oil

&Palm Oil&2S (NF27)

Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)

&Propylene Glycol Monocaprylate&1S (NF26)

Propylene Glycol Monostearate
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
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Sorbitan Trioleate
Stearic Acid
Trolamine
Wax, Emulsifying

Change to read:

Glidant and/or Anticaking Agent
Calcium Silicate
Magnesium Silicate

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide, Colloidal
Talc

Change to read:

Humectant
Corn Syrup Solids
Erythritol
Glycerin
Hexylene Glycol

&Inositol&2S (NF26)

Maltitol
~

Polydextrose~NF26

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution
Tagatose

Change to read:

Ointment Base
Caprylocaproyl Polyoxylglycerides
Diethylene Glycol Monoethyl Ether
Lanolin
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow
Oleoyl Polyoxylglycerides
Polyethylene Glycol Monomethyl Ether
Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White

&Hydrogenated Polydecene&1S (NF26)

Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II

Change to read:

Plasticizer
Acetyltributyl Citrate
Acetyltriethyl Citrate
Castor Oil
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether

Propylene Glycol

&Pullulan&2S (NF26)

Sorbitol Sorbitan Solution
Triacetin
Tributyl Citrate
Triethyl Citrate

Change to read:

Polymer Membrane
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Cellaburate
Cellulose Acetate
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion

&Pullulan&2S (NF26)

Change to read:

Sequestering Agent
Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Gamma Cyclodextrin&2S (NF26)

Hydroxypropyl Betadex

&Pullulan&2S (NF26)

Sodium Tartrate

Change to read:

Solvent
Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol
Canola Oil
Caprylocaproyl Polyoxylglycerides
Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol
Isopropyl Alcohol
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone
Mineral Oil
Oleoyl Polyoxylglycerides
Peanut Oil

&Hydrogenated Polydecene&1S (NF26)

Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Sesame Oil
Stearoyl Polyoxylglycerides
Water for Injection
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Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Change to read:

Stiffening Agent
Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Cetyl Palmitate
Hard Fat

&Alpha-Lactalbumin&1S (NF27)

Paraffin
Synthetic Paraffin
~

Fully Hydrogenated Rapeseed Oil~NF26
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

Change to read:

Suspending and/or Viscosity-Increasing Agent
Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose

Sodium

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)

&Alpha-Lactalbumin&1S (NF27)

Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin
Polyethylene Oxide

Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate

&Pullulan&2S (NF26)

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
Starch, Potato
Starch, Tapioca
Starch, Wheat
Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent
Acesulfame Potassium
Aspartame
Aspartame Acesulfame

~

Corn Syrup~NF27

Corn Syrup Solids
High Fructose Corn Syrup
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution
Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose

~

Trehalose~NF27

Change to read:

Tablet Binder
Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline

&Hydrogenated Coconut Oil&1S (NF27)

Copovidone
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~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate

&Alpha-Lactalbumin&1S (NF27)

Maltodextrin
Maltose
Methylcellulose

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Oxide

~

Polyvinyl Acetate~NF27

Povidone

&Pullulan&2S (NF26)

Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup

~

Trehalose~NF27

Change to read:

Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Cellulose, Powdered

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin

&Alpha-Lactalbumin&1S (NF27)

Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol

&Propylene Glycol Monocaprylate&1S (NF26)

&Pullulan&2S (NF26)

Sorbitol
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner’s

~

Trehalose~NF27

Change to read:

Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline
Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium

&Pullulan&2S (NF26)

Sodium Starch Glycolate
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

~

Trehalose~NF27

Change to read:

Tablet and/or Capsule Lubricant
Calcium Stearate

&Hydrogenated Coconut Oil&1S (NF27)

Glyceryl Behenate
Magnesium Stearate
Mineral Oil, Light

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Sodium Lauryl Sulfate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Starch
Stearic Acid
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Stearic Acid, Purified
Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate

Change to read:

Tonicity Agent

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Change to read:

Vehicle

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose
Peppermint Water
Sorbitol Solution
Syrup

~

Trehalose~NF27

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil

&Hydrogenated Polydecene&1S (NF26)

Safflower Oil
Sesame Oil

Soybean Oil
Squalane

SOLID CARRIER

Corn Syrup Solids

&Alpha-Lactalbumin&1S (NF27)

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)

&Propylene Glycol Monocaprylate&1S (NF26)

Sugar Spheres

STERILE

~

rAlbumin Human~NF27

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Change to read:

Wetting and/or Solubilizing Agent
Benzalkonium Chloride
Benzethonium Chloride
Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Pullulan&2S (NF26)

Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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MONOGRAPHS (NF)

BRIEFING

Benzalkonium Chloride, NF 26 page 1081. On the basis of
comments and data received, it is proposed to add ‘‘No storage
requirements specified’’ to the Packaging and storage section. It is
also proposed to revise and introduce the following tests based on
the Benzalkonium Chloride monograph in the European Pharma-
copoeia, 6th ed.
1. Identification test A is updated, and modified to omit the use of

mercuric chloride TS.
2. A test for Acidity or alkalinity is added.
3. A test for Limit of amines and amine salts is added, to replace

the test for odor perception under Limit of foreign amines.

(EM2: H. Wang) RTS—C49019

Change to read:

Packaging and storage—Preserve in tight containers.

&No storage requirements specified.&2S (NF27)

Change to read:

Identification—
A: To a solution (1 in 100) add 2N nitric acid or mercuric

chloride TS: a white precipitate is formed, and it is soluble in
alcohol.

&To 2 mL of a solution (1 in 100) add 1 mL of 2N nitric acid:

a white precipitate is formed, and it is dissolved after adding 5

mL of alcohol.&2S (NF27)
B: Dissolve about 200 mg in 1 mL of sulfuric acid, add 100 mg

of sodium nitrate, and heat on a steam bath for 5 minutes. Cool,
dilute with water to 10 mL, add 500 mg of zinc dust, and warm for 5
minutes on a steam bath. To 2 mL of the clear supernatant add 1 mL
of sodium nitrite solution (1 in 20), cool in ice water, then add 3 mL
of a solution of 500 mg of 2-naphthol in 10 mL of 6N ammonium
hydroxide: an orange-red color is produced.
C: A solution of it in a mixture of equal volumes of water and

alcohol meets the requirement of the tests for Chloride h191i.

Add the following:

&Acidity or alkalinity—Dissolve 0.5 g of Benzalkonium

Chloride in water, dilute with water to 50 mL, and mix. Add

0.1 mL of bromocresol purple TS. Not more than 0.1 mL of

0.1 N hydrochloric acid or 0.1 N sodium hydroxide is

required to change the color of the indicator.&2S (NF27)

Delete the following:

&Limit of foreign amines—To 5 mL of a solution (1 in 50) add
3 mL of 1N sodium hydroxide: no precipitate is formed. Heat to
boiling: the odor of amines is not perceptible.&2S (NF27)

Add the following:

&Limit of amines and amine salts—Dissolve 5.0 g of

Benzalkonium Chloride with heating in 20 mL of a mixture

of methanol and 1N hydrochloric acid VS (97 : 3, v/v), and

add 100 mL of isopropyl alcohol. Pass a stream of nitrogen

slowly through the solution. Gradually add 12.0 mL of 0.1 N

tetrabutylammonium hydroxide VS, while recording the

potentiometric titration curve. If the curve shows two

inflection points, the volume of titrant added between the

two points is not greater than 5.0 mL, corresponding to not

more than 0.1 mmol of amines and amine salts per g. If the

curve shows no point of inflection, the substance being

examined does not comply with the test. If the curve shows

one point of inflection, repeat the test, but add 3.0 mL of a

25.0 mg per mL solution of dimethyldecylamine in isopropyl

alcohol before the titration. If after addition of 12.0 mL of the

titrant, the titration curve shows only one point of inflection,

the substance being examined does not comply with the

test.&2S (NF27)

BRIEFING

Caprylocaproyl Polyoxylglycerides, NF 26 page 1091. On the
basis of comments and data received,the following revisions are
proposed:
1. Update the Definition and Labeling sections.
2. In the test for Identification B, replace ‘‘solvent hexane’’ with

‘‘hexanes’’, replace ‘‘Polyglycerides’’ with ‘‘Polyoxylglycer-
ides’’, change ‘‘rhodamine 6G’’ to ‘‘rhodamine B’’, and change
‘‘isopropyl alcohol’’ to ‘‘alcohol’’.

3. Add an Identification test for Fatty acid composition.
Summarize the percentages of fatty acids in a table.

4. In the test for Hydroxyl value, add specifications for
Caprylocaproyl Polyoxylglycerides, formulated with two addi-
tional types of polyethylene glycols.

5. Similarly, in the test for Saponification value, add specifications
for Caprylocaproyl Polyoxylglycerides, formulated with two
additional types of polyethylene glycols.

6. In the determination for Water, specify the solvent system.
7. Update the test for Total ash by eliminating the sample amount

and following the procedure in h561i Articles of Botanical
Origin.
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8. Add a test for Alkaline impurities.
9. In the test for Limit of free glycerol, replace ‘‘periodic acid

solution’’ with ‘‘periodic acetic acid solution’’.
Additionally, several editorial changes have been made.

(EM2: H. Wang) RTS—C60991

Caprylocaproyl Polyoxylglycerides

(Title for this new monograph—to become official April 1, 2010)
(Prior to April 1, 2010, it is expected that the current practice of
labeling the article of commerce with the name Caprylocaproyl
Macrogolglycerides will be continued.)

Change to read:

» Caprylocaproyl Polyoxylglycerides are mixtures of
monoesters, diesters, and triesters of glycerol and
monoesters and diesters of polyethylene glycols with a
mean relative molecular weight between 200 and 400.

&Caprylocaproyl Polyoxylglycerides are mixtures

of monoesters, diesters, and triesters of glycerol

and monoesters and diesters of polyethylene

glycols. The polyethylene glycols used have a

mean molecular weight between 200 and

400.&2S (NF27)

They are produced by partial alcoholysis of medium-
chain triglycerides with polyethylene glycol, by ester-
ification of glycerol and polyethylene glycol with
caprylic acid and capric acid, or as a mixture of glycerol
esters and ethylene oxide condensate with caprylic acid
and capric acid. The average molecular weight is not
less than 90.0 percent and not more than 110.0 percent
of the labeled nominal value.

&They may contain free polyethylene gly-

cols.&2S (NF27)

Change to read:

Labeling—Label it to indicate the average nominal molecular
weight of esters as part of the official title. The label also indicates
the nominal hydroxyl value and saponification value.

&Label it to indicate the type and the average nominal

molecular weight of polyethylene glycol used, as part of the

official title.&2S (NF27)

Change to read:

Identification—
A: Infrared Absorption h197Fi.
B: Thin-Layer Chromatographic Identification Test h201i—
Test solution: 0.05 g per mL, prepared by dissolving 1.0 g of

Caprylocaproyl Polyoxylglycerides in methylene chloride, and
diluting with methylene chloride to 20 mL.
Developing solvent system: a mixture of ether and solvent

hexane

&hexanes&2S (NF27)
(7 : 3).
Procedure—Proceed as directed in the chapter (except for

Caprylocaproyl Polyglycerides

&Polyoxylglycerides&2S (NF27)
apply 50 mL of the Test solution and 50 mL of the Standard solution).
Then spray the plate with reagent solution, prepared by dissolving
0.01 g of rhodamine 6G

&rhodamine B&2S (NF27)
in 100 mL of isopropyl alcohol, and examine the plate under UV
light at 365 nm: the RF values of the principle spots obtained from
the Test solution correspond to those obtained from the Standard
solution.

&C: It meets the requirements of the test for Fatty acid

composition.&2S (NF27)

Change to read:

Hydroxyl value h401i—The hydroxyl value between 170 and 205,
does not differ by more than 20 units from the nominal value

&is within the range specified in Table 1 for the labeled

type,&2S (NF27)
when determined on a 1.0-g specimen, accurately weighed.

Table 1

&Type of Polyethylene

Glycol Hydroxyl Value

200 80–120

300 140–180

400 170–205

&2S (NF27)

Change to read:

Saponification value h401i—The saponification value between 85
and 105, does not differ by more than 10 units from the nominal
value,

&is within the range specified in Table 2 for the labeled

type, &2S (NF27)
determined on a 2.0-g specimen.
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Table 2

&Type of Polyethylene

Glycol Saponification Value

200 265–285

300 170–190

400 85–105

&2S (NF27)

Change to read:

Fatty acid composition h401i between 50% and 80% of caprylic acid
is found; not more than 2.0% of caproic acid is found; between 20%
and 50% of capric acid is found; not more than 3.0% of lauric acid is
found; and not more than 1.0% of myristic acid is found.

&Caprylocaproyl Polyoxylglycerides exhibit the following

composition profile of fatty acids, as determined in the section

Fatty Acid Composition under Fats and Fixed Oils h401i (See

Table 3.):

Table 3

Carbon-Chain

Length

Number of Double

Bonds Percentage (%)

6 0 52.0

8 0 50.0–80.0

10 0 20.0–50.0

12 0 53.0

14 0 51.0

&2S (NF27)

Change to read:

Water, Method I h921i: not more than 1.0%, determined on a 1.0-
g specimen.

&Instead of using methanol as the solvent, two solvent

systems can be used: a mixture of anhydrous methanol and

methylene chloride (3 : 7 (v/v)) or anhydrous pyri-

dine.&2S (NF27)

Change to read:

Total ash h561i: not more than 0.1%, determined on a 1.0-g
specimen.

&not more than 0.1%.&2S (NF27)

Change to read:

Heavy metals, Method II h231i:
&not more than&2S (NF27)
0.001%.

Add the following:

&Alkaline impurities—Weigh 5.0 g of Caprylocaproyl Poly-

oxylglycerides, add 10 mL of alcohol and 0.05 mL of

bromophenol blue TS, and mix well. Titrate with 0.01N

hydrochloric acid VS to change the color to yellow: not more

than 1.0 mL of 0.01N hydrochloric acid is required.&2S (NF27)

Change to read:

Limit of free glycerol—Dissolve 1.20 g of the substance under test
in 25 mL of methylene chloride, heating if necessary. Cool, and add
100 mL of water and 25.0 mL of periodic acid solution, prepared by
dissolving 150 mg of periodic acid in 25 mL of water.

&periodic acetic acid solution, prepared by dissolving 0.446 g

of sodium periodate in 2.5 mL of a 25% (v/v) solution of

sulfuric acid, and diluting to 100.0 mL with glacial acetic

acid.&2S (NF27)
Shake, and allow to stand for 30 minutes. Add 40 mL of potassium
iodide solution, prepared by dissolving 3 g of potassium iodide in 40
mL of water, and allow to stand for 1 minute. Add 1 mL of starch
TS, and titrate the liberated iodine with 0.1M sodium thiosulfate.
Perform a blank determination, and make any necessary correction
(see Titrimetry h541i). Each mL of 0.1M sodium thiosulfate is
equivalent to 2.3 mg of glycerol: not more than 5.0% is found.

BRIEFING

Lanolin Alcohols, NF 26 page 1161. On the basis of comments
and data received, and to align with the corresponding Wool
Alcohols monograph in the European Pharmacopoeia, Sixth
Edition, it is proposed to make the following revisions:

1. The CAS number is assigned.
2. A Labeling section is added to include the use of suitable

antioxidants.
3. A test for Hydroxyl value is added.
4. A test for Peroxide value is added.
Additional changes are editorial.

(EM2: H. Wang) RTS—C49052

Add the following:

[8027-33-6].

Change to read:

Packaging and storage—Preserve in well-closed, light-resistant
containers, preferably
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&and store&2S (NF27)
at controlled room temperature.

Add the following:

&Labeling—Label it to indicate the name and quantity of any

antioxidant added.&2S (NF27)

Change to read:

Acid value h401i: not more than 2.

&not more than 2.0.&2S (NF27)

Add the following:

&Hydroxyl value h401i: between 120 and 180.&2S (NF27)

Add the following:

&Peroxide value h401i: not more than 15. Take from the

test substance wedge-shaped pieces whose base consists of

part of the surface. Melt the pieces before carrying out the

determination. Before adding the 0.5 mL of saturated

potassium iodide solution, cool the solution obtained to

room temperature.&2S (NF27)

BRIEFING

Linoleoyl Polyoxylglycerides, NF 26 page 1163. On basis of
comments and data received, the following revisions are proposed.
1. Update the Definition and Labeling sections.
2. Delete the reference in Identification test B and add a detailed

procedure.
3. Add an Identification test for Fatty acid composition.

Summarize the percentages of fatty acids in a table.
4. Delete the test for Refractive index.
5. In the determination for Water, specify the solvent system.
6. Update the test for Total ash by eliminating the sample amount

and following the procedure in general chapter Articles of
Botanical Origin h561i.

7. Add a test for Alkaline impurities.
Additional changes are editorial.

(EM2: H. Wang) RTS—C61018

Linoleoyl Polyoxylglycerides

(Title for this new monograph—to become official April 1, 2010)
(Prior to April 1, 2010, it is expected that the current practice of
labeling the article of commerce with the name Linoleoyl
Macrogolglycerides will be continued.)

Change to read:

» Linoleoyl Polyoxylglycerides are mixtures of mono-
esters, diesters, and triesters of glycerol and monoesters
and diesters of polyethylene glycols with a mean
relative molecular weight between 300 and 400.

&Linoleoyl Polyoxylglycerides are mixtures of

monoesters, diesters, and triesters of glycerol and

monoesters and diesters of polyethylene glycols.

The polyethylene glycols used have a mean

molecular weight between 300 and 400.&2S (NF27)

They are produced by partial alcoholysis of unsaturated
oils, mainly containing triglycerides of linoleic acid,
with polyethylene glycol, by esterification of glycerol
and polyethylene glycol with fatty acids, or as a mixture
of glycerol esters and ethylene oxide condensate with
the fatty acids of the unsaturated oils. The average
molecular weight is not less than 90.0 percent and not
more than 110.0 percent of the labeled nominal value.

&They may contain free polyethylene gly-

cols.&2S (NF27)

Change to read:

Labeling—Label it to indicate the average nominal molecular
weight of esters as part of the official title.

&Label it to indicate the type and the average nominal

molecular weight of polyethylene glycol used as part of the

official title.&2S (NF27)

Change to read:

Identification—
A: Infrared Absorption h197Fi.
B: It meets the requirements for Identification test B under

Caprylocaproyl Polyoxylglycerides.

&Thin-Layer Chromatographic Identification Test h201i—

Test solution: 0.05 g per mL, prepared by dissolving 1.0 g

of Linoleoyl Polyoxylglycerides in methylene chloride, and

diluting with methylene chloride to 20 mL.

Developing solvent system: a mixture of ether and

hexanes (7 : 3).

Procedure—Proceed as directed in the chapter. Then spray

the plate with reagent solution, prepared by dissolving 0.01 g

of rhodamine B in 100 mL of alcohol, and examine the plate
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under UV light at 365 nm: the RF values of the principle spots

obtained from the Test solution correspond to those obtained

from the Standard solution.

C: It meets the requirements of the test for Fatty acid

composition.&2S (NF27)

Change to read:

Fatty acid composition h401i: between 4% and 20% of palmitic
acid is found; not more than 6% of stearic acid is found; not more
than 1.0% each of arachidic acid and eicosenoic acid is found;
between 20% and 35% of oleic acid is found; between 50% and 65%
of linoleic acid is found; and not more than 2% of linolenic acid is
found.

&Linoleoyl Polyoxylglycerides exhibit the following compo-

sition profile of fatty acids, as determined in the section Fatty

Acid Composition under Fats and Fixed Oils h401i:

Carbon-Chain

Length

Number of Double

Bonds Percentage (%)

16 0 4.0–20.0

18 0 56.0

18 1 20.0–35.0

18 2 50.0–65.0

18 3 52.0

20 0 51.0

20 1 51.0

&2S (NF27)

Delete the following:

&Refractive index h831i: between 1.465 and 1.475, at
208.&2S (NF27)

Change to read:

Water, Method I h921i: not more than 1.0%, determined on a
1.0-g specimen.

&Instead of using methanol as the solvent, two solvent

systems can be used: a mixture of anhydrous methanol and

methylene chloride (3 : 7 (v/v)) or anhydrous pyri-

dine.&2S (NF27)

Change to read:

Total ash h561i: not more than 0.1%, determined on a 1.0-g
specimen.

&not more than 0.1%.&2S (NF27)

Change to read:

Heavy metals, Method II h231i:
&not more than&2S (NF27)
0.001%.

Add the following:

&Alkaline impurities—Weigh 5.0 g of Linoleoyl Polyoxyl-

glycerides, add 10 mL of alcohol and 0.05 mL of

bromophenol blue TS, and mix well. Titrate with 0.01N

hydrochloric acid VS to change the color to yellow: not more

than 1.0 mL of 0.01N hydrochloric acid is required.&2S (NF27)

BRIEFING

Oleoyl Polyoxylglycerides, NF 26 page 1183. On the basis of
comments and data received, it is proposed to make the following
revisions:

1. Update the Definition and Labeling sections.
2. Delete the reference in Identification test B. Add a detailed

procedure.
3. Introduce Fatty acid composition as one of the Identification

tests. Update this test by summarizing the percentages of fatty
acids in a table.

4. In the determination for Water, specify the solvent system.
5. Update the test for Total ash by eliminating the sample amount

and following the procedure in the general chapter, Articles of
Botanical Originh561i.

6. Add a test for Alkaline impurities.
Additional changes are editorial.

(EM2: H. Wang) RTS—C61019

Oleoyl Polyoxylglycerides

(Title for this new monograph—to become official April 1, 2010)
(Prior to April 1, 2010, it is expected that the current practice of labeling the
article of commerce with the name Oleoyl Macrogolglycerides will be
continued.)

Change to read:

» Oleoyl Polyoxylglycerides are mixtures of monoes-
ters, diesters, and triesters of glycerol and monoesters
and diesters of polyethylene glycols with a mean
relative molecular weight between 300 and 400.
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&Oleoyl Polyoxylglycerides are mixtures of mon-

oesters, diesters, and triesters of glycerol and

monoesters and diesters of polyethylene glycols.

Polyethylene glycols used have a mean molecular

weight between 300 and 400.&2S (NF27)

They are produced by partial alcoholysis of unsaturated
oils, mainly containing triglycerides of oleic acid, with
polyethylene glycol, by esterification of glycerol and
polyethylene glycol with fatty acids, or as a mixture of
glycerol esters and ethylene oxide condensate with fatty
acids of the unsaturated oils. The average molecular
weight is not less than 90.0 percent and not more than
110.0 percent of the labeled nominal value.

&They may contain free polyethylene gly-

cols.&2S (NF27)

Change to read:

Labeling—Label it to indicate the average nominal molecular
weight of esters as part of the official title.

&Label it to indicate the type and the average nominal

molecular weight of polyethylene glycol used as part of the

official title.&2S (NF27)

Change to read:

Identification—
A: Infrared Absorption h197Fi.
B: It meets the requirements for Identification test B under

Caprylocaproyl Polyoxylglycerides.

&Thin-Layer Chromatographic Identification Test h201i—

Test solution: 0.05 g per mL, prepared by dissolving 1.0 g

of Oleoyl Polyoxylglycerides in methylene chloride, and

diluting with methylene chloride to 20 mL.

Developing solvent system: a mixture of ether and

hexanes (7 : 3).

Procedure—Proceed as directed in the chapter. Then spray

the plate with reagent solution, prepared by dissolving 0.01 g

of rhodamine B in 100 mL of alcohol, and examine the plate

under UV light at 365 nm: the RF values of the principle spots

obtained from the Test solution correspond to those obtained

from the Standard solution.

It meets the requirements for the test of Fatty acid

composition.&2S (NF27)

Change to read:

Fatty acid composition h401i: between 4.0% and 9.0% of
palmitic acid is found; not more than 6.0% of stearic acid is
found; not more than 2.0% each of linolenic acid, arachidic acid, and
eicosenoic acid is found; between 58.0% and 80.0% of oleic acid is
found; and between 15.0% and 35.0% of linoleic acid is found.

&Oleoyl Polyoxylglycerides exhibit the following composi-

tion profile of fatty acids, as determined in the section Fatty

Acid Composition under Fats and Fixed Oils h401i (See

Table 1).

Table 1

Carbon-Chain

Length

Number of Double

Bonds

Percentage (%)

16 0 4.0–9.0

18 0 56.0

18 1 58.0–80.0

18 2 15.0–35.0

18 3 52.0

20 0 52.0

20 1 52.0

&2S (NF27)

Change to read:

Water, Method I h921i: not more than 1.0%, determined on a 1.0-
g specimen.

&Instead of using methanol as the solvent, two solvent

systems can be used: a mixture of anhydrous methanol and

methylene chloride (3 : 7 (v/v)), or anhydrous pyri-

dine.&2S (NF27)

Change to read:

Total ash h561i: not more than 0.1%, determined on a 1.0-g
specimen.

&not more than 0.1%.&2S (NF27)

Change to read:

Heavy metals, Method II h231i:
&not more than&2S (NF27)
0.001%.
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Add the following:

&Alkaline impurities—Weigh 5.0 g of Oleoyl Polyoxylgly-

cerides, add 10 mL of alcohol and 0.05 mL of bromophenol

blue TS, and mix well. Titrate with 0.01N hydrochloric acid

VS to change the color to yellow: not more than 1.0 mL of

0.01N hydrochloric acid is required.&2S (NF27)

BRIEFING

Palm Oil. Because there is no existing NF monograph for this
article, it is proposed to add a new monograph, on the basis of data
and comments received, as well as the monograph Palm Oil
(Unhydrogenated) in Food Chemicals Codex, Sixth Edition, p. 716.

(EM2: H. Wang; NOM: A. Wilk) RTS—C54944

Add the following:

&Palm Oil

Palm oil [8002-75-3].

» Palm Oil is the refined fixed oil obtained from the

pulp of the fruit of the oil palm Elaeis guineensis

Jacq. (Fam. Aracaceae). It may contain suitable

antioxidants.

Packaging and storage—Preserve in well-closed containers.

Do not store above 558.

Labeling—Label it to indicate the name and quantity of any

added antioxidants.

Identification—

A: It meets the requirements of the test for Fatty acid

composition.

B: It meets the requirements of the test for Melting range.

Melting range h741i: between 308 and 408.

Acid value, Method II h401i: not more than 2.0.

Peroxide value h401i: not more than 5.0.

Unsaponifiable matter h401i: not more than 1.0%.

Fatty acid composition—Palm Oil exhibits the following

composition profile of fatty acids, as determined in the section

Fatty Acid Composition under Fats and Fixed Oils h401i:

Carbon-Chain

Length

Number of

Double Bonds %

512 0 52.5

14 0 0.5–5.9

16 0 39.0–47.0

18 0 2.0–8.0

16 1 50.5

18 1 36.0–44.0

18 2 7.0–12.0

18 3 50.5

�20 0 or 1 51.0

Residue on ignition h281i: not more than 0.1%, 5 g of

Palm Oil being used.

Water, Method I h921i: not more than 0.1%, using 50 mL

of chloroform as the solvent instead of 35 to 40 mL of

methanol.

Heavy metals, Method II h231i: not more than 0.001%.

Alkaline impurities—Mix 10 mL of freshly distilled acetone

and 0.3 mL of water, and add 0.05 mL of bromophenol blue

TS. If necessary, neutralize the solution with 0.01 N

hydrochloric acid or 0.01N sodium hydroxide to a green

color. Add 10 mL of Palm Oil, shake, and allow to stand.

Titrate with 0.01N hydrochloric acid VS to change the color

of the upper layer to yellow: not more than 0.1 mL of 0.01N

hydrochloric acid is required.&2S (NF27)
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BRIEFING

Zein, NF 26 page 1263. On the basis of comments received and
data, it is proposed to make the following revisions:

1. Add the CAS number.
2. Update the Packaging and storage section.
3. In the test for Residue on ignition, change the ignition

temperature to 800+ 258. Before harmonization of general
chapter Residue on Ignition h281i, the ignition temperature was
set at 800+ 258. Following harmonization, the ignition
temperature was reset to 600+ 508. However, it has been
reported that Zein is not completely ashed at an ignition
temperature of 600+ 508 and therefore it is proposed to revert
to the original temperature of 800+ 258.

4. Replace the test for Nitrogen content with a test for Protein
content. The specification represents the article in commerce.

(EM2: H. Wang) RTS—C43954

Add the following:
&[9010-66-6].&2S (NF27)

Change to read:

Packaging and storage—Preserve in tight containers.

&Preserve in well-closed containers, and store at room

temperature.&2S (NF27)

Change to read:

Residue on ignition h281i: not more than 2.0%,

&using an ignition temperature of 800+ 258.&2S (NF27)

Delete the following:

&Nitrogen content—Proceed as directed under Nitrogen Determi-
nation, Method I h461i: the nitrogen content is not less than 13.1%
and not more than 17.0%, on the dried basis.&2S (NF27)

Add the following:

&Protein content—Proceed as directed under Nitrogen

Determination, Method I h461i. Calculate the weight

percentage of the protein content in Zein by multiplying the

percentage of nitrogen found by 6.25: not less than 88.0% and

not more than 96.0% is found, calculated on the dried

basis.&2S (NF27)
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h1i Injection, USP 31 page 33. On the basis of comments re-
ceived, it is proposed to make the following revisions for the require-
ments of fixed oils used as vehicles for nonaqueous Injections, in the
subsection Other Vehicles in Vehicles and Added Substances under
Ingredients.
1. Update the test for Unsaponifiable Matter.
2. Replace the test for Free Fatty Acids with the test for Acid Value.

Specification for the test of Acid Value is equivalent to the pre-
vious specification for the test of Free Fatty Acids.

3. Add a test for Peroxide Value.
4. Add a test for Water.
5. Add a test for Limit of Copper, Iron, Lead, and Nickel.

(PPI: D. Hunt; EM2: H. Wang) RTS—C58509

Change to read:

INGREDIENTS

Vehicles and Added Substances

Aqueous Vehicles—The vehicles for aqueous Injections meet the
requirements of the Pyrogen Test h151i or the Bacterial Endotoxins
Test h85i, whichever is specified.Water for Injection generally is used
as the vehicle, unless otherwise specified in the individual mono-
graph. Sodium chloride may be added in amounts sufficient to render
the resulting solution isotonic; and Sodium Chloride Injection, or
Ringer’s Injection, may be used in whole or in part instead of Water
for Injection, unless otherwise specified in the individual monograph.
For conditions applying to other adjuvants, see Added Substances in
this chapter.

Other Vehicles—Fixed oils used as vehicles for nonaqueous Injec-
tions are of vegetable origin, are odorless or nearly so, and have no
odor suggesting rancidity. They meet the requirements of the test for
Solid paraffin under Mineral Oil, the cooling bath being maintained
at 108, have a Saponification Value between 185 and 200 (see Fats
and Fixed Oils h401i), have an Iodine Value between 79 and 141 (see
Fats and Fixed Oils h401i), and meet the requirements of the follow-
ing tests.

Unsaponifiable Matter—Reflux on a steam bath 10 mL of the oil
with 15 mL of sodium hydroxide solution (1 in 6) and 30 mL of al-
cohol, with occasional shaking until the mixture becomes clear.
Transfer the solution to a shallow dish, evaporate the alcohol on a
steam bath, and mix the residue with 100 mL of water: a clear solu-
tion results.

Free Fatty Acids—The free fatty acids in 10 g of oil require for neu-
tralization not more than 2.0 mL of 0.020N sodium hydroxide (see
Fats and Fixed Oils h401i).

&Unsaponifiable Matter (see Fats and Fixed Oils h401i): not

more than 1.5%.

Acid Value (see Fats and Fixed Oils h401i): not more than

0.2.

Peroxide Value (see Fats and Fixed Oils h401i): not more

than 5.0.

Water, Method I h921i: not more than 0.1%, using 50 mL of

chloroform instead of 35 to 40 mL of methanol as the solvent.

Limit of Copper, Iron, Lead, and Nickel—Proceed as direct-

ed in the section Trace Metals under Fats and Fixed Oils

h401i. Not more than 1 ppm of copper is found; not more than

1 ppm of iron is found; not more than 1 ppm of lead is found;

and not more than 1 ppm of nickel is found.&2S (USP32)

Synthetic mono- or diglycerides of fatty acids may be used as ve-
hicles, provided they are liquid and remain clear when cooled to 108
and have an Iodine Value of not more than 140 (see Fats and Fixed
Oils h401i).
These and other nonaqueous vehicles may be used, provided they

are safe, in the volume of Injection administered, and also provided
they do not interfere with the therapeutic efficacy of the preparation or
with its response to prescribed assays and tests.

Added Substances—Suitable substances may be added to pre-
parations intended for injection to increase stability or usefulness, un-
less proscribed in the individual monograph, provided they are
harmless in the amounts administered and do not interfere with the
therapeutic efficacy or with the responses to the specified assays
and tests. No coloring agent may be added, solely for the purpose
of coloring the finished preparation, to a solution intended for paren-
teral administration (see also Added Substances under General Notic-
es and Antimicrobial Effectiveness Testing h51i).
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Observe special care in the choice and use of added substances in
preparations for injection that are administered in a volume exceeding
5 mL. The following maximum limits prevail unless otherwise direct-
ed: for agents containing mercury and the cationic, surface-active
compounds, 0.01%; for chlorobutanol, cresol, phenol, and similar
types of substances, 0.5%; and for sulfur dioxide, or an equivalent
amount of the sulfite, bisulfite, or metabisulfite of potassium or sodi-
um, 0.2%.
A suitable substance or mixture of substances to prevent the

growth of microorganisms must be added to preparations intended
for injection that are packaged in multiple-dose containers, regardless
of the method of sterilization employed, unless one of the following
conditions prevails: (1) there are different directions in the individual
monograph; (2) the substance contains a radionuclide with a physical
half-life of less than 24 hours; and (3) the active ingredients are them-
selves antimicrobial. Such substances are used in concentrations that
will prevent the growth of or kill micro-organisms in the preparations
for injection. Such substances also meet the requirements of Antimi-
crobial Effectiveness Testing h51i and Antimicrobial Agents—Con-
tent h341i. Sterilization processes are employed even though such
substances are used (see also Sterilization and Sterility Assurance
of Compendial Articles h1211i). The air in the container may be evac-
uated or be displaced by a chemically inert gas. Where specified in a
monograph, information regarding sensitivity of the article to oxygen
is to be provided in the labeling.

BRIEFING

h11i USP Reference Standards, USP 31 page 37, page 553 of the
Interim Revision Announcement in PF 34(3) [May–June], page 2022
of PF 29(6) [Nov.–Dec. 2003], page 1674 of PF 30(5) [Sept.–Oct.
2004], page 507 of PF 31(2) [Mar.–Apr. 2005], page 1154 of PF
31(4) [July–Aug. 2005], page 1433 of PF 31(5) [Sept.–Oct. 2005],
page 1680 of PF 31(6) [Nov.–Dec. 2005], page 181 of PF 32(1)
[Jan.–Feb. 2006], page 1161 of PF 32(4) [July–Aug. 2006], page
95 of PF 33(1) [Jan.–Feb. 2007], page 267 of PF 33(2) [Mar.–Apr.
2007], page 497 of PF 33(3) [May–June 2007], page 716 of PF 33(4)
[July–Aug. 2007], page 981 of PF 33(5) [Sept.–Oct. 2007], page
1256 of PF 33(6) [Nov.–Dec. 2007], page 142 of PF 34(1) [Jan.–
Feb. 2008], page 332 of PF 34(2) [Mar–Apr. 2008], and page 680
of PF 34(3) [May–June 2008].

(HDQ) RTS—C39383; C42240; C42877; C46245; C49309;
C44288; C50837; C51777; C51261; C53129; C53129; C56123;
C56124

Add the following:

&USP Ceftiofur Hydrochloride RS.&2S (USP32)

Add the following:

&USP Ceftiofur Sodium RS.&2S (USP32)

Add the following:

&USP Ceftiofur System Suitability Mixture RS.&2S (USP32)

Add the following:

&USP Cloprostenol Sodium RS.&2S (USP32)

Add the following:

&USP Dextroamphetamine Related Compound A RS

[1-phenyl-2-propanol] (C9H12O 136.20 CAS-14898-87-

4).&2S (USP32)

Add the following:

&USP Dextroamphetamine Related Compound B RS

[phenyl acetone] (C9H10O 134.18 CAS 103-79-

7).&2S (USP32)

Add the following:

&USP Enrofloxacin RS.&2S (USP32)

Add the following:

&USP Enrofloxacin Related Compound Mixture RS—

Contains a mixture of USP Enrofloxacin RS, desfluoro-en-

rofloxacin, and USP Ciprofloxacin RS.

Desfluoro-enrofloxacin:[1-cyclopropyl-7-(4-ethyl-1-

piperazinyl)-1,4dihydro-4-oxo-3-quinoline-carboxylic

acid].&2S (USP32)

Add the following:

&USP N-Ethylpiperazine RS (C6H14N2 CAS-5308-25-8

114.19). &2S (USP32)

Add the following:

&USP Granisetron Related Compound C RS

[N-[(1R,3r,5S)-9-azabicyclo[3.3.1]non-3-yl]-1-methyl-1H-

indazole-3-carboxamide].&2S (USP32)

Add the following:

&USP Granisetron Related Compound D RS

[1-methyl-1H-indazole-3-carboxylic acid].&2S (USP32)

Add the following:

&USP Purified Guggul Extract RS.&2S (USP32)
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Add the following:

&USP Guggulsterone Z RS.&2S (USP32)

Add the following:

&USP Itraconazole RS.&2S (USP32)

Add the following:

&USP Ketoprofen Related Compound A RS

[a-Methyl-3-(4-methylbenzoyl) benzeneacetic acid].

&2S (USP32)

Add the following:

&USP Oxaliplatin RS.&2S (USP32)

Add the following:

&USP Oxaliplatin Related Compound A RS

[oxalic acid dihydrate] (C2H2O4 � 2H2O 126.07).&2S (USP32)

Add the following:

&USP Oxaliplatin Related Compound B RS

[[SP-4-2-(1R-trans)]-(1,2-cyclohexanediamine-N,N’) dinitra-

toplatinum(II)] ] (C6H14N4O6Pt 433.28).&2S (USP32)

Add the following:

&USP Oxaliplatin Related Compound C RS

[[1R-trans-(1,2-cyclohexanediamine-N,N’)]-trans-dihydroxi-

do-[oxalato(2-)-O,O’]platinum(IV)] (C8H16N2O6Pt 431.30)

.&2S (USP32)

Add the following:

&USP Oxaliplatin Related Compound D RS

[cis-[(1S,2S)-1,2-cyclohexanediamine-N,N’][oxalato(2-)-

O,O’]platinum] ] (C8H14N2O4Pt 397.29) .&2S (USP32)

Add the following:

&USP Sibutramine Hydrochloride RS.&2S (USP32)

Add the following:

&USP Sibutramine Related Compound A RS

[N-{1-[1-(2-chlorophenyl)cyclobutyl]-3-methylbutyl}-N,N-

dimethylamine hydrochloride].&2S (USP32)

Add the following:

&USP Sibutramine Related Compound B RS

[N-{1-[1-(3-chlorophenyl)cyclobutyl]-3-methylbutyl}-N,N-

dimethylamine hydrochloride].&2S (USP32)

Add the following:

&USP Sibutramine Related Compound C RS

[N-{1-[1-(4-chlorophenyl)cyclobutyl]pentyl}-N,N-dimethyl-

amine hydrochloride].&2S (USP32)

Add the following:

&USP Sibutramine Related Compound D RS

[N-{1-[1-(4-chlorophenyl)cyclobutyl]-3-methylbutyl}-N-

methylamine hydrochloride].&2S (USP32)
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Physical Tests and
Determinations

BRIEFING

h891i Thermal Analysis, USP 31 page 362. On the basis of com-
ments received, it is proposed to update this chapter. The purpose of
the revision is to introduce new technology for the determination of
melting characteristics. Discussions from the international harmoni-
zation process about this topic have been considered.

(GC: A. Hernandez-Cardoso) RTS—C55655; C64178

Change to read:

&INTRODUCTION&2S (USP32)

Precisely determined thermodynamic events, such as a change of
state, can indicate the identity and purity of drugs. Compendial stan-
dards have long been established for the melting or boiling tempera-
tures of substances. These transitions occur at characteristic
temperatures, and the compendial standards therefore contribute to
the identification of the substances. Because impurities affect these
changes in predictable ways, the same compendial standards contrib-
ute to the control of the purity of the substances.
Thermal analysis in the broadest sense is the measurement of phys-

ical-chemical properties of materials as a function of temperature. In-
strumental methods have largely supplanted older methods dependent
on visual inspection and on measurements under fixed or arbitrary
conditions, because they are objective, they provide more informa-
tion, they afford permanent records, and they are generally more sen-
sitive, more precise, and more accurate.

&measurements under fixed or arbitrary conditions, because

they are objective, provide more information, afford perma-

nent records, and are generally more sensitive, precise, and ac-

curate.&2S (USP32)

Furthermore, they may provide information on

&desolvation, dehydration, decomposition,&2S (USP32)

crystal perfection, polymorphism, melting temperature, sublimation,
glass transitions, dehydration,

&

&2S (USP32)

evaporation, pyrolysis, solid-solid interactions, and purity. Such data
are useful in the characterization of substances with respect to com-
patibility, stability, packaging, and quality control. The measurements
used most often in thermal analysis, i.e., transition temperature, ther-
mogravimetry, and

&and melting point temperatures by DSC, thermogravimetric

analysis, hot-stage microscopy, and eutectic&2S (USP32)

impurity analysis, are described here.

Change to read:

TRANSITION TEMPERATURE

&AND MELTING POINT TEMPERATURES&2S (USP32)

As a specimen is heated, its uptake (or evolution) of heat can be
measured [differential

&transitions can be observed using differential&2S (USP32)

scanning calorimetry (DSC),] or the resulting difference in tempera-
ture from that of an inert reference heated identically [differential
thermal analysis (DTA)] can be measured. Either technique provides
a record of the temperature at which phase changes, glass transitions,
or chemical reactions occur. In

&differential thermal analysis (DTA), or hot-stage microscopy.

In heat-flux DSC, the heat differential between the sample and

reference material is determined. In power compensation

DSC, the sample and reference materials are maintained at

the same temperature, using individual heating elements,

and the difference in power input to the two heaters is record-

ed. DTA monitors the difference in temperatures between the

sample and the reference. The transitions that may be observed

include those shown in Table 1 below. In&2S (USP32)

the case of melting, both an ‘‘onset’’ and a ‘‘peak’’ temperature can be
determined objectively and reproducibly, often to within a few tenths
of a degree. While these temperatures are useful for characterizing
substances, and the difference between the two temperatures is indi-
cative of purity, the values cannot be correlated with subjective, visu-
al ‘‘melting-range’’

&directly compared to visual ‘‘melting-range’’ or ‘‘melting-

point’’&2S (USP32)

values or with constants such as the triple point of the pure material.
A complete description of the conditions employed should accom-

pany each thermogram, including make and model of instrument; re-
cord of last calibration; specimen size and identification (including
previous thermal history); container; identity, flow rate, and pressure
of gaseous atmosphere; direction and rate of temperature change; and
instrument and recorder sensitivity.

&Furthermore, caution should be used when comparing re-

sults obtained by different methods of analysis. Optical meth-

ods may measure the melting point as the temperature where

the last trace of solid coalesces. In contrast, melting points

measured by DSC may refer to the onset temperature or the

temperature where the maximum melting rate (vertex) was ob-

served. However, the vertex is sensitive to sample weight,

heating rate, and other factors, whereas the onset temperature

is less affected by these factors. With thermal techniques, it is
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necessary to consider the limitations of solid solution forma-

tion, insolubility in the melt, polymorphism, and decomposi-

tion during the analysis.&2S (USP32)

It is appropriate to make a preliminary examination over a wide
range of temperature (typically room temperature to decomposition
temperature or about 108 to 208 above the melting point) and over
a wide range of heating rates (28 to 208 per minute), which may reveal
unexpected effects; then a single examination or replicate examina-
tions over a narrow range, bracketing the transition of interest at one
or more lower heating rates, can be made. In examining pure crystal-
line materials, rates as low as 18 per minute may be appropriate,
whereas rates of up to 108 per minute are more appropriate for poly-
meric and other semi-crystalline materials. As the reliability of the
measurements varies from one substance to another, statements of
the number of significant figures to be used in the reporting of intra-
laboratory repeatability and of interlaboratory reproducibility cannot
be given here, but should be included in the individual monograph.

&

Table 1

Solid to liquid Melting

Liquid to gas Evaporation

Vaporization

Boiling

Liquid to solid Freezing

Crystallization

Solid to gas Sublimation

Solid to solid Glass transition

Desolvation

Amorphous to crystalline

Polymorphic

&2S (USP32)

Add the following:

&DETERMINATION OF TRANSITION

TEMPERATURE (MELT ONSET TEMPERATURE)

AND MELTING POINT TEMPERATURE

Apparatus—Use DTA or DSC instrumentation equipped

with a temperature-programming device, thermal detector(s),

and a recording system that can be connected to a computer,

unless otherwise prescribed by the specific monograph for

which this chapter is being used.

Calibration—Calibrate instrumentation for temperature

and enthalpy changes, using indium or another suitable certi-

fied material. Temperature calibration is performed by heating

a standard through the melting transition and comparing the

extrapolated onset of melting point of the standard to the cer-

tified onset of melting point. The temperature calibration

should be conducted at the same heating rate as the experi-

ment. Enthalpy calibration is performed by heating a standard

through the melting transition and comparing the calculated

heat of fusion to the theoretical value.

Procedure—Accurately weigh an appropriate quantity of

the substance to be examined in the sample pan, as described

in the specific monograph. Set initial temperature, heating rate,

direction of temperature change, and final temperature as spec-

ified in the monograph. If not specified in the monograph,

these parameters are determined as follows: make a prelimi-

nary examination over a wide range of temperatures (typically,

room temperature to decomposition temperature, or about 108

to 208 above the melting point) and over a wide range of heat-

ing rates (28 to 208 per minute) to reveal any unexpected ef-

fects. Then determine a lower heating rate such that

decomposition is minimized and the transition temperature

is not compromised. Determine a temperature range bracket-

ing the transition of interest such that the baseline can be ex-

tended to intersect with the tangent of the melt (see Figure 1).
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Figure 1. Thermogram.

In examining pure crystalline materials, rates as low as 18

per minute may be appropriate, whereas rates of up to 108

per minute are more appropriate for polymeric and other semi-

crystalline materials. Begin the analysis, and record the differ-

ential thermal analysis curve with the temperature on the x-

axis and the energy change on the y-axis. The melting temper-

ature (melt onset temperature) is the intersection (188.798) of

the extension of the baseline with the tangent at the point of

greatest slope (inflexion point) of the curve (see Figure 1). The

vertex is the temperature at the peak of the curve (190.318).

The enthalpy of the event is proportional to the area under

the curve after application of a baseline correction.&2S (USP32)

Change to read:

THERMOGRAVIMETRIC ANALYSIS

Thermogravimetric analysis involves the determination of the mass
of a specimen as a function of temperature, or time of heating, or
both., and when properly applied,

&It is often used to investigate dehydration/desolvation proces-

ses and compound decomposition. When thermogravimetry is

properly applied, it&2S (USP32)

provides more useful information than does

&

&2S (USP32)

loss on drying at fixed temperature, often for a fixed time and in what
is usually an ill-defined atmosphere. Usually, loss of surface-absorbed
solvent can be distinguished from solvent in the crystal lattice and
from degradation losses. The measurements can be carried out in at-
mospheres having controlled humidity and oxygen concentration to
reveal interactions with the drug substance, between drug substances,
and between active substances and excipients or packaging materials.

&Apparatus—&2S (USP32)

While the details depend on the manufacturer, the essential features of
the equipment are a recording balance and a programmable heat
source. Equipment differs in the ability to handle specimens of vari-
ous sizes, the means of sensing specimen temperature, and the range
of atmosphere control. Calibration is required with all systems, i.e.,
the mass scale is calibrated by the use of standard weights; calibration
of the temperature scale, which is more difficult, involving either var-
iations in positioning of thermocouples and their calibration; or in
other systems, calibration involves the use of standard materials be-
cause it is assumed that the specimen temperature is the furnace tem-
perature.
Procedural details are specified in order to provide for valid inter-

laboratory comparison of results. The specimen weight, source, and
thermal history are noted. The equipment description covers dimen-
sions and geometry, the materials of the test specimen holder, and the
location of the temperature transducer. Alternatively, the make and
model number of commercial equipment are specified. In all cases,
the calibration record is specified. Data on the temperature environ-
ment include the initial and final temperatures and the rate of change
or other details if nonlinear. The test atmosphere is critical; the vol-
ume, pressure, composition, whether static or dynamic, and if the lat-
ter, the flow rate and temperature are specified.
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&Calibration—Calibration is required with all systems: that

is, the mass scale is calibrated by the use of standard weights,

and calibration of the temperature scale involves the use of

standard materials, because it is assumed that the specimen

temperature is the furnace temperature. Weight calibration is

conducted by measuring the mass of a certified or standard

weight and comparing the measured mass with the certified

value. Temperature calibration is performed by analyzing a

high-purity magnetic standard such as nickel for its curie tem-

perature and comparing the measured value to the theoretical

value.

Procedure—Apply the method to the sample, using the

conditions described in the monograph, and calculate the mass

gain or loss, expressing the change in mass as percentage. Al-

ternatively, place a suitable quantity of material in the sample

holder, and record the mass. Because the test atmosphere is

critical, the pressure or flow rate and the composition of the

gas are specified. Set the initial temperature, heating rate,

and final temperature according to the manufacturer’s instruc-

tions, and initiate the temperature increase. Alternatively, con-

duct an examination of the thermogram over a wide range of

temperatures (typically, from room temperature to the decom-

position temperature, or 108 to 208 above the melting point at a

heating rate of 28 to 208 per minute). Calculate the mass gain

or loss, expressing the change in mass as percentage.&2S (USP32)

Add the following:

&HOT-STAGE MICROSCOPY

Hot-stage microscopy is an analytical technique that in-

volves monitoring the optical properties of the sample using

a microscope as a function of temperature. Hot-stage micros-

copy may be used as a complementary technique to other ther-

mal analysis techniques such as DSC, DTA, and variable

temperature X-ray powder diffraction for the solid-state char-

acterization of pharmaceutical compounds. It is useful to con-

firm transitions such as melts, recrystallizations, and solid-

state transformations using a visual technique. The hot-stage

microscope must be calibrated for temperature.&2S (USP32)

Change to read:

EUTECTIC IMPURITY ANALYSIS

The basis of any calorimetric purity method is the relationship be-
tween the melting and freezing point depression and the level of im-
purity. The melting of a compound is characterized by the absorption
of latent heat of fusion, DHf, at a specific temperature, To. In theory, a
melting transition for an absolutely pure crystalline compound should
occur within an infinitely narrow range. A broadening of the melting
range, due to impurities, provides a sensitive criterion of purity. The
effect is apparent visually by examination of thermograms of speci-
mens differing by a few tenths percent in impurity content. A material
that is 99% pure is about 20% molten at 38 below the melting point of
the pure material (see accompanying figure).

&Figure 2).&2S (USP32)

&Figure 2.&2S (USP32)

Superimposed thermograms illustrating the effect of impurities on
DSC melting peak shape.

The parameters of melting (melting range, DHf, and calculated eu-
tectic purity) are readily obtained from the thermogram of a single
melting event using a small test specimen, and the method does not
require multiple, precise actual temperature measurements. Thermo-
gram units are directly convertible to heat transfer, millicalories per
second.
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The lowering of the freezing point in dilute solutions by molecules
of nearly equal size is expressed by a modified van’t Hoff equation:

in which T = absolute temperature in degrees Kelvin (8K)

&kelvins,&2S (USP32)

X2 = mole fraction of minor component (solute; impurity), DHf = mo-
lar heat of fusion of the major component, R = gas constant, and K

&KD&2S (USP32)

= distribution ratio of solute between the solid and liquid phases.
Assuming that the temperature range is small and that no solid so-

lutions are formed (K

&KD&2S (USP32)

= 0).
Integration of the van’t Hoff equation yields the following rela-

tionship between the mole fraction of impurity and the melting-point
depression:

in which To = melting point of the pure compound, in 8K

&kelvins,&2S (USP32)

and Tm = melting point of the test specimen, in 8K

&kelvins.&2S (USP32)

With no solid solution formation, the concentration of impurity in
the liquid phase at any temperature during the melting is inversely
proportional to the fraction melted at that temperature, and the melt-
ing-point depression is directly proportional to the mole fraction of
impurity. A plot of the observed test specimen temperature, Ts, versus
the reciprocal of the fraction melted, 1/ F, at temperature Ts, should

yield a straight line with the slope equal to the melting-point depres-
sion (To – Tm). The theoretical melting point of the pure compound is
obtained by extrapolation to 1/ F = 0:

Substituting the experimentally obtained values for To – Tm, DHf, and
To in equation (2) yields the mole fraction of the total eutectic impu-
rity, which, when multiplied by 100, gives the mole percentage of
total eutectic impurities.
Deviations from the theoretical linear plot also may be due to solid

solution formation (K

&(KD&2S (USP32)

6¼ 0), so that care must be taken in interpreting the data.
To observe the linear effect of the impurity concentration on the

melting-point depression, the impurity must be soluble in the liquid
phase or melt of the compound, but insoluble in the solid phase, i.e.,
no solid solutions are formed. Some chemical similarities are neces-
sary for solubility in the melt. For example, the presence of ionic
compounds in neutral organic compounds and the occurrence of ther-
mal decomposition may not be reflected in purity estimates. The ex-
tent of these theoretical limitations has been only partially explored.
Impurities present from the synthetic route often are similar to the

end product, hence there usually is no problem of solubility in the
melt. Impurities consisting of molecules of the same shape, size,
and character as those of the major component can fit into the matrix
of the major component without disruption of the lattice, forming sol-
id solutions or inclusions; such impurities are not detectable by DSC.
Purity estimates are too high in such cases. This is more common with
less-ordered crystals as indicated by low heats of fusion.
Impurity levels calculated from thermograms are reproducible and

probably reliable within 0.1% for ideal compounds. Melting-point
determinations by scanning calorimetry have a reproducibility with
a standard deviation of about 0.28. Calibration against standards
may allow about 18 accuracy for the melting point, so that this tech-
nique is comparable to other procedures.

&

&2S (USP32)

Compounds that exist in polymorphic form cannot be used in pu-
rity determination unless the compound is completely converted to
one form. On the other hand, DSC and DTA are inherently useful
for detecting, and therefore monitoring, polymorphism.

Procedure—The actual procedure and the calculations to be em-
ployed

&for eutectic impurity analysis&2S (USP32)

are dependent on the particular instrument used. Consult the manu-
facturer’s literature and/or the thermal analysis literature for the most
appropriate technique for a given instrument. In any event, it is im-
perative to keep in mind the limitations of solid solution formation,
insolubility in the melt, polymorphism, and decomposition during the
analysis.
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GENERAL CHAPTERS

General Information

BRIEFING

h1090i In Vivo Bioequivalence Guidances, USP 31 page 532.
This general information chapter included drug product in vivo bio-
equivalence guidelines developed by FDA and then together with
USP via a joint committee. In the late 1990s, FDA discontinued in-
dividual drug product guidelines, replacing them with a general guid-
ance entitled Bioavailability and Bioequivalence Studies for Orally
Administered Drug Products—General Considerations. To corre-
spond better with this regulatory approach, the proposed chapter is
revised extensively, eliminating individual guidances, and retitled As-
sessment of Drug Product Performance—Bioavailability, Bioequiva-
lence, and Dissolution. The revision speaks broadly to in vivo and in
vitro assessment of drug product performance. The chapter is intend-
ed to guide manufacturers and others in evaluating drug product per-
formance, beginning with bioavailability studies for new drug
products and continuing through bioequivalence studies to ensure
continuing equivalence for both new and multisource drug products.
Beyond these United States requirements and recommendations, the
proposed revision also speaks to documents provided by the World
Health Organization (WHO) on the general topic, aligning approach-
es at the global (WHO) level and the United States (FDA) level with
USP’s approaches. The proposed chapter discusses conditions when
in vivo bioequivalence requirements may be waived (biowaiver) for
certain drug products, particularly in relation to the use of the Bio-
pharmaceutics Classification System. A comparative glossary for this
chapter defines key scientific terminology and provides a comparison
between FDA and WHO documents. The revision may be part of a
triad of USP General Chapters that concern—beyond the topics re-
lated to interchangeability in this revised chapter—nonduplicate,
noninterchangeable products that rely in part on safety and efficacy
findings for a predicate product (proposed Chapter h1096i) and a pro-
posed chapter on drug product selection.

NOTE—The entire text of this general chapter as found in USP
31, which is being replaced in this revision, represents more than 40
pages. Because the large number of deleted pages would present the
reader with the task of going through all the deleted pages in order to
review the revised text, this revision is presented without the deleted
pages. Readers who wish to review the current content of the general
chapter are advised to access that information in USP 31–NF 26.
Readers of the current PF in electronic format will see the entire re-
vision complete with deleted text.

(BPC: W. Brown) RTS—C64318

Change to read:

h1090i IN VIVO
BIOEQUIVALENCE GUIDANCES1

&ASSESSMENT OF DRUG PRO-
DUCT PERFORMANCE—BIO-
AVAILABILITY, BIOEQUIVA-
LENCE, AND DISSOLUTION&2S (USP32)

&BACKGROUND

This chapter provides recommendations for the in vivo and

in vitro assessment of drug product performance. The chapter

is intended as a guide to scientists and clinicians seeking to

evaluate drug product performance by surrogate procedures

correlative and/or antecedent to clinical trials in humans.

USP–NF provides quality standards for drug substances, ex-

cipients, and finished preparations. A USP–NF monograph

for an official substance or preparation includes the article’s

definition; packaging, storage, and other requirements; and a

specification. The specification consists of a series of universal

tests (description, identification, impurities, and assay) and

specific tests, one or more analytical procedures for each test,

and acceptance criteria. Quality standards are important attri-

butes that must be built into the drug product. Meeting USP–

NF standards is accepted globally as assurance of high quality

and is part of the requirements necessary for approval of a bio-

equivalent (BE), interchangeable multisource drug product.

1 Further information about guidances can be obtained by contacting the Unit-
ed States Food and Drug Administration, Division of Bioequivalence, Office
of Generic Drugs, 7500 Standish Place, Metro Park North, Rockville, MD
20855 [Phone: (301) 594-2290; FAX: (301) 594-0181]. Copies of the guid-
ances can be obtained from the United States Food and Drug Administration,
Center for Drug Evaluation and Research, Consumer Affairs Branch HFD-210
5600 Fishers Lane, Rockville, MD 20857 [Phone: (301) 827-4573, FAX:
(301) 827-4577.]
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Multisource drug products must meet certain in vivo and/or in

vitro performance standards to be considered therapeutically

equivalent and interchangeable. Regulatory approval for inter-

changeable multisource products may differ somewhat in each

country (see the forthcoming chapter Essentials for Drug Pro-

duct Selection h1096i for further discussion). Drug product

performance may be defined as the release of the active phar-

maceutical ingredient (API) from the drug product dosage

form, leading to systemic availability of the API necessary

for achieving a desired therapeutic response. This chapter dis-

cusses in vivo and in vitro approaches to determining drug

product performance. The focus of the chapter is primarily

on the performance of solid oral drug products.

The chapter references a Food and Drug Administration

(FDA) guidance, Guidance for Industry—Bioavailability and

Bioequivalence Studies for Orally Administered Drug Prod-

ucts—General Considerations (2003) (http://www.fda.gov/;

search by document title) and a World Health Organization

(WHO) document titled Annex 7Multisource (Generic) Phar-

maceutical Products: Guidelines on Registration Require-

ments to Establish Interchangeability (2006) (http://who.int/

en/; search by document title). FDA guidances are used in

the United States; and WHO, FDA, and national/regional

guidelines may be used by national/regional drug regulatory

authorities. Following approval, control of the quality of a

drug product can be achieved in part by the private and/or pub-

lic specification, which can include a performance test. USP

provides the general chapters Disintegration h701i, Dissolu-

tion h711i, Drug Release h724i, In Vitro and In Vivo Evalua-

tion of Dosage Forms h1088i, and The Dissolution Procedure:

Development and Validation h1092i, which describe these

tests and procedures.

This chapter provides general information about the conduct

of bioequivalence (BE) studies as a surrogate measure of in

vivo drug product performance and dissolution profile com-

parisons as a measure of in vitro drug product performance.

The chapter also discusses conditions when an in vivo BE re-

quirement may be waived (biowaiver) for certain drug prod-

ucts and shows how the Biopharmaceutics Classification

System (BCS) can be used as a predictor of a drug product’s

performance. An appendix to this chapter defines key scienti-

fic terminology and provides a comparison between FDA and

WHO in drug product performance assessment.

BIOAVAILABILITY, BIOEQUIVALENCE, AND

DISSOLUTION

Bioavailability (BA) studies focus on determining the pro-

cess and time frame by which a drug is released from the oral

dosage form and moves to the site of action [see FDA Guid-

ance Guidance for Industry—Bioavailability and Bioequiva-

lence Studies for Orally Administered Drug Products—

General Considerations (2003)]. BA is an indirect or surro-

gate measure of the rate and extent to which the API or active

moiety is absorbed from a drug product and becomes available

at its target sites of action. BA data provide an estimate of sys-

temic drug exposure, including fraction of drug absorbed, dis-

tribution, and clearance profile. For drug products that are not

intended to be absorbed into the bloodstream, availability may

be assessed by measurements that reflect the rate and extent to

which the active ingredient or active moiety becomes avail-

able at the sites of action. Drug products are considered BE

if a test drug product does not show a significant difference

in rate and extent of absorption by comparison with a desig-

nated reference drug when administered at the same molar

dose of the same active moiety in the same dosage form under

similar experimental conditions in either a single dose or in

multiple doses.

BA and BE generally can be obtained by serially measuring

drug and/or metabolite concentrations in the systemic circula-

tion over a prescribed period. BE studies can use other ap-

proaches when systemic drug concentrations cannot be

measured or are not appropriate. For these cases, more indirect

approaches to BE determination include acute pharmacody-

namic endpoints, clinical endpoints, and in vitro studies that

typically involve comparisons of the dissolution profiles of

test and reference drug products.
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BA and BE information are important in regulatory submis-

sions. BA information broadly addresses the absorption, dis-

tribution, metabolism, and excretion of the API. For an

innovator product, BE studies establish the performance of

the product intended for marketing by comparing the bioavail-

ability of the product as developed for marketing approval to

the clinical trial material, the drug product used in safety/effi-

cacy trials. For the development and regulatory approval of a

generic drug product, the test drug product must be BE to the

reference listed drug (RLD) product (usually the brand or in-

novator drug product that is designated by the applicable reg-

ulatory authority).

The ICH document titled Guidance on Q6A Specifications:

Test Procedures and Acceptance Criteria for New Drug Sub-

stances and New Drug Products: Chemical Substances (2000)

(http://www.fda.gov/ ; search by document title) provides ap-

proaches for setting acceptance criteria for drug product per-

formance. This approach relies on dissolution or disintegration

based on clinically acceptable batches, as does FDA’s. BE stu-

dies focus on the performance of the drug product and usually

involve comparisons of two drug products: the test (T) and ref-

erence (R) or comparator product. The required studies and the

determination of BE are the province of regulatory agencies.

In the United States, R is termed the reference listed drug

(RLD) and is so noted in FDA’s Approved Drug Products with

Therapeutic Equivalence Ratings [Orange Book (2008)

(http://www.fda.gov/cder/ob)]. To assist countries and regions

where the R product may not always be readily identifiable,

WHO has prepared a document titled Annex 11 Guidance on

the Selection of Comparator Pharmaceutical Products for

Equivalence Assessment of Interchangeable Multisource (Ge-

neric) Products (2005) (http://www.who.int/en/; search by

document title). In the WHO document, R is termed the com-

parator pharmaceutical product (CPP). When a country or re-

gion has a clearly defined set of CPPs, the task becomes one of

requiring that a manufacturer demonstrate, to the satisfaction

of its regulatory authority, that its multisource product is phar-

maceutically equivalent and BE to the corresponding CPP.

BIOEQUIVALENCE

An interchangeable multisource (generic) product must be

pharmaceutically equivalent (PE). The WHO document al-

lows pharmaceutical alternatives to be considered therapeuti-

cally equivalent and interchangeable if they are BE. Further,

generic products must be shown to be BE in order to be con-

sidered therapeutically equivalent (TE) to the R product

(CPP). For the product to be considered PE, it must have the

same active ingredient, same strength, same dosage form,

same route of administration, and same labeling as the compa-

rator product. Several methods exist to assess and document

BE. These include the following:

1. Comparative pharmacokinetic studies in humans. In

these studies, the active drug and/or its metabolite(s) are

measured as a function of time in accessible biological

fluid such as blood, plasma, serum, or urine to obtain

pharmacokinetic measures such as area under the plasma

drug concentration vs. time curve (AUC) and maximum

concentration (Cmax) that are reflective of systemic expo-

sure.

2. Comparative in vitro dissolution tests.

In addition, comparative pharmacodynamic studies in hu-

mans and comparative clinical trials can be used to document

or supplement BE assessment. Beyond these clinical studies,

in vitro dissolution based on the BCS can ensure BE between

T and R products. In vivo documentation of equivalence is es-

pecially important for narrow therapeutic range drugs; docu-

men t ed ev id ence o f p rob l ems ; mod ified - r e l e a s e

pharmaceutical products designed to act by systemic absorp-

tion; and fixed-dose combination products with systemic ac-

tion when at least one of the APIs requires an in vivo study.

BE studies are designed to compare the in vivo performance

of a generic product with an R product. Generally the design is

a two-period, two-sequence, single-dose, crossover random-

ized one carried out in 18 to 36 subjects. During the study,

blood samples are collected at sufficient intervals for assessing
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Cmax, AUC, and other parameters. Blood samples are analyzed

using appropriately validated bioanalytical methodology with

standard pharmacokinetic measures and statistical approaches.

The statistical method for testing pharmacokinetic BE is based

on the determination of the 90% confidence interval around

the geometric mean ratio of the log-transformed population

means (generic/R) for AUC and Cmax by carrying out two

one-sided tests at the 5% level of significance.

Immediate-Release Drug Products

Single-dose, crossover BE studies are carried out at the

highest dose comparing T and R products under fasting condi-

tions. A parallel study design can be used for drugs that have a

very long elimination half-life (t½). Lower strength(s) of the

dosage form can be given a biowaiver based on dosage form

proportionality and dissolution profile similarity. Food-effect

studies are required if there is an indication in the labeling that

concomitant administration of food may diminish, increase, or

not influence the BA of the drug product.

Modified-Release Drug Products

BE studies for extended-release dosage forms are carried

out as single-dose, crossover studies under fasting and fed

conditions at the highest dose to compare T and R products.

A single-dose study is more sensitive than multiple-dose,

steady-state studies in assessing in vivo drug product perfor-

mance, particularly with regard to the phenomenon of dose

dumping, i.e., the rapid and unintended premature release of

the active ingredient from an extended-release product into

the bloodstream. Lower strengths of an extended-release dos-

age form may not require an in vivo study based on use of the

same drug-releasing mechanism, dosage form proportionality,

and similar dissolution profile.

Orally Administered Drug Products, Not for Systemic

Effect

Drug products like mesalamine and cholestyramine are ad-

ministered orally and are intended for local activity. Although

mesalamine does have some systemic absorption from the gas-

trointestinal tract, a comparative clinical trial is required and a

systemic drug exposure profile also may be required. Chole-

styramine is a chloride salt of a basic anion-exchange resin

and is not absorbed from the gastrointestinal tract. In vitro

BE studies for cholestyramine include comparisons of binding

to bile acids.

Bioequivalence Studies

Objective—The objective of a BE study is to measure and

compare formulation performance between two or more phar-

maceutically equivalent drug products. Drug availability from

T and R products should not be statistically different when the

drug is administered to patients or subjects at the same molar

dose under similar experimental conditions.

Design—The design of a BE study depends on the objec-

tives of the study, the ability to analyze the drug (and metab-

olites) in biological fluids, the pharmacodynamics of the drug

substance, the route of drug administration, and the nature of

the drug and drug product. Pharmacokinetic parameters, phar-

macodynamic parameters, clinical observations, and/or in vi-

tro studies may be used to determine drug BA from a drug

product.

Some possible BE study designs include the following:

1. Single-dose, two-way crossover study under fasted condi-

tions

2. Single-dose, two-way crossover study under fed condi-

tions

3. Single-dose, parallel study under fasted conditions

4. Single-dose, replicate design

5. Single-dose, partial replicate design
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6. Multiple-dose, two-way crossover study, fasted condi-

tions

7. Pharmacodynamic or clinical endpoint study

8. In vitro dissolution profile comparisons

The standard BE study is a crossover design (e.g., Latin

square crossover design) in which each subject receives the

test drug product and the reference product on separate occa-

sions. Studies are usually evaluated by a single-dose, two-pe-

riod, two-treatment, two-sequence, open-label, randomized

crossover design comparing equal doses of the test and refer-

ence products in fasted or fed adult, healthy subjects. A mul-

tiple-dose study may be required for some extended-release

drug products. A washout period is scheduled between the

two periods to allow the subjects to completely eliminate the

drug absorbed from the first dose before administration of the

second dose. Samples of an accessible biologic fluid such as

blood characterize the drug concentration vs. time profile.

During the fasting study subjects are fasted at least 10 hours.

A pre-dose (0 time) blood sample is taken. The drug product is

given with 240 mL (8 fluid ounces) of water. No food is al-

lowed for at least 4 hours post-dose. Blood sampling is per-

formed periodically after dose administration according to

protocol. A food intervention or food effect study is conducted

with standard meal conditions that are expected to provide the

greatest effects on gastrointestinal physiology so that systemic

drug availability is maximally affected. In addition, the high

lipid content of the meal may affect the rate of drug release

from the product, in situ. The drug product is given with

240 mL (8 fluid ounces) of water after ingestion of the stan-

dard meal.

Analysis of Samples—Samples, usually plasma, are ana-

lyzed for the active drug and, on occasion, active metabolite

concentrations by a validated bioanalytical method.

Pharmacokinetic Parameters—Pharmacokinetic parame-

ters are obtained from the resulting concentration-time curves.

Two major pharmacokinetic parameters are used to assess the

rate and extent of systemic drug absorption. AUC reflects the

extent of drug absorption, and the peak drug concentration

(Cmax) reflects the rate of drug absorption. Other pharmacoki-

netic parameters may include the time to peak drug concentra-

tion (Tmax), the elimination rate constant (k), elimination half-

life (t½), lag time (Tlag), and others.

Statistical Analysis

Pharmacokinetic parameters are analyzed statistically to de-

termine whether the T and R products yield comparable values.

Because BE studies may use small sample sizes, log transfor-

mation of the data allows the frequency distribution of the data

to be more normalized so that parametric statistical analyses

may be performed (FDA, Guidance for Industry: Statistical

Approaches to Establishing Bioequivalence (2001) (http://

www.fda.gov/; search by document title).

Parametric (normal-theory) general linear model procedures

are recommended for the analysis of pharmacokinetic data de-

rived from in vivo BE studies. An analysis of variance (ANO-

VA) should be performed on the pharmacokinetic parameters

AUC and Cmax using appropriate statistical programs and

models. For example, for a conventional two-treatment, two-

period, two-sequence (26 2) randomized crossover study de-

sign, the statistical model often includes factors accounting for

the following sources of variation:

� Sequence (sometimes called Group or Order)

� Subjects, nested in sequences

� Period (or Phase)

� Treatment (sometimes called Drug or Formulation)

The sequence effect should be tested using the [subject (se-

quence)] mean square from the ANOVA as an error term. All

other main effects should be tested against the residual error

(error mean square) from the ANOVA. The least-squares

means (LSMEANS) statement should be used to calculate

least- squares means for treatments. Estimates should be ob-

tained for the adjusted differences between treatment means

and the standard error associated with these differences.

The statistical assumptions underlying the ANOVA are as

follows:
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� Randomization of samples

� Homogeneity of variances

� Additivity (linearity) of the statistical model

� Independence and normality of residuals

In BE studies, these assumptions can be interpreted as fol-

lows:

� The subjects chosen for the study should be randomly as-

signed to the sequences of the study.

� The variances associated with the two treatments, as well

as between the sequence groups, should be equal or at

least comparable.

� The main effects of the statistical model, such as subject,

sequence, period, and treatment effect for a standard

26 2 crossover study, should be additive. There should

be no interactions between these effects.

� The residuals of the model should be independently and

normally distributed. In other words, data from BE stu-

dies should have a normal distribution.

If these assumptions are not met, additional steps should be

taken prior to the ANOVA, including data transformation to

improve the fit of the assumptions or use of a nonparametric

statistical test in place of ANOVA. However, the normality

and constant variance assumptions in the ANOVA model are

known to be relatively robust (i.e., a small or moderate depar-

ture from each, or both of these assumptions, will not have a

significant effect on the final result). The rationale for log

transformation is provided in FDA’s Guidance Statistical Ap-

proaches to Establishing Bioequivalence. Justification should

be provided if untransformed data is to be used.

The Two One-Sided Tests Procedure—A testing proce-

dure termed the two one-sided tests procedure is used to deter-

mine the comparability of geometric mean values for

pharmacokinetic parameters measured after administration of

the test and reference products.1 The two one-sided tests pro-

cedure decides whether T is not significantly less than R and

whether R is not significantly less than T. The significant dif-

ference is 20% (a = 0.05 significance level). The statistical

procedure involves the calculation of a confidence interval

for the ratio (or difference) between T and R pharmacokinetic

variable averages. The limits of the observed confidence inter-

val must fall within a predetermined range for the ratio (or dif-

ference) of the product averages. Point estimate ratios (T / R)

of the log-transformed AUC and Cmax data must be between

80% and 125%. Because data are log transformed, T / R =

80/100 = 80% and R/T = 100/80 = 125%. In addition, the

90% confidence intervals for AUC and Cmax must be between

80% and 125% of the R product. The regulatory requirements

for the range of 90% confidence intervals for Cmax may be dif-

ferent in countries outside the United States.

Bio-Inequivalence—The failure to demonstrate BE may be

due to a performance failure of the T product or to an inade-

quate study design. The demonstration of bio-inequivalence

due to an inadequate study design can be due to improper sam-

pling in which (1) the sampling time for Cmax was not properly

obtained or (2) the number of samples taken did not ade-

quately describe the plasma drug concentration vs. time pro-

file. Often with highly variable drugs (e.g., %CV 430%), too

few subjects were used in the study, and therefore the study

was not powered adequately.

Presentation of Data. The drug concentration in biological

fluid at each sampling time point should be furnished untrans-

formed for all the subjects who participated in the study. The

derived pharmacokinetic parameters also should be furnished

untransformed. The mean, the standard deviation, and the co-

efficient of variation (CV) for each variable should be comput-

ed and tabulated in the final report.

To facilitate BE comparisons, pharmacokinetic parameters

for each individual should be displayed in parallel for the for-

mulations tested. In particular, for AUC and Cmax, the differ-

ence (T – R), the ratio (T /R), and the log of ratio (log T /R

or ln T /R) between the T and R values should be tabulated side

by side for all the subjects. For each subject, the summary ta-

bles should indicate in which sequence (T, R or R, T) the sub-

ject received the product. Histograms showing the frequency

1 Schuirmann DJ. A comparison of the two one-sided tests procedure
and the power approach for assessing the equivalence of average bio-
availabi l i ty. J. Pharmacokinetics and Biopharmaceut ics,
1987 : 15 : 657–680.
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distribution of the difference and ln ratio (or log ratio) for the

major pharmacokinetic parameters (AUC and Cmax) are useful

in the submission.

In addition to the arithmetic mean for the T and R products,

the geometric means (antilog of the means of the logs), means

of the logs, and standard deviations of the logs should be cal-

culated for AUC and Cmax. All means, including arithmetic

mean, geometric mean, and means of the logs, as well as stan-

dard deviations and CVs, should be included in the report.

DISSOLUTION AND IN VITRO PRODUCT

PERFORMANCE

As noted for an official preparation, USP monographs pro-

vide a public specification that includes a list of tests, refer-

ences to analytical procedures, and acceptance criteria. Most

solid oral dosage forms, including oral suspensions, require

a dissolution or a drug release test. Drug dissolution and drug

release testing are described in USP General Chapters Disso-

lution h711i and Drug Release h724i. These public specifica-

tions are used for quality control tests and for market approval.

The USP dissolution test in the monograph is related to BA

and BE only when closely allied with a sound regulatory de-

termination. Without this link it should be regarded solely as a

quality control test for batch release. FDA Guidances are (1)

Guidance for Industry—Dissolution Testing of Immediate Re-

lease Solid Oral Dosage Forms (1977) (http://www.fda.gov/;

search by document title) and (2) Guidance for Industry—Ex-

tended Release Oral Dosage Forms: Development, Evalua-

tion, and Application of In Vitro/In Vivo Correlation (1977)

(http://www.fda.gov/; search by document title).

Dissolution and In Vitro Bioavailability

Drug dissolution and release tests are very useful during

drug product development in identifying critical manufactur-

ing attributes such as the impact of ingredient properties and

the impact of the manufacturing process on drug product per-

formance. During product development, optimum dissolution

conditions need to be developed to discriminate drug product

formulations and changes in manufacturing processes. After

the finished dosage form is approved for marketing, drug dis-

solution and release tests are useful in predicting possible

changes in performance due to scale-up and postapproval

changes (SUPAC). (See FDA guidances:

Guidance for Industry—Immediate Release Solid Oral

Dosage Forms, Scale-Up and Postapproval Changes:

Chemistry, Manufacturing, and Controls, In Vitro Disso-

lution Testing, and In Vivo Bioequivalence Documenta-

tion (1995) (http:www.fda.gov/; search by document

title) and

Guidance for Industry—SUPAC-MR: Modified-Release

Solid Oral Dosage Forms: Scale-Up and Postapproval

Changes: Chemistry, Manufacturing, and Controls; In Vi-

tro Dissolution Testing and In Vivo Bioequivalence Doc-

umentation (1977) (http://www.fda.gov/; search by

document title).

For some oral drug products, in vitro drug dissolution can be

related to in vivo performance, such as bioavailability and/or

systemic drug exposure. USP General Information Chapter In

Vitro and In Vivo Evaluation of Dosage Forms h1088i de-

scribes various approaches to in vitro–in vivo correlation

(IVIVC).

Dissolution and In Vitro Equivalence

The dissolution test is a powerful in vitro physiochemical

test that measures drug product quality and performance for

a variety of dosage forms, such as solid oral dosage forms,

transdermal dosage forms, suspensions, and certain semisolid

dosage forms. The USP tests for finished dosage forms can be

divided into two types: (1) drug product quality tests and (2)

drug product performance tests. Product quality tests are in-

tended to assess attributes such as assay and content uniformi-

ty; product performance tests are designed to assess product
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performance and in many cases relate to dissolution. For de-

tails regarding the performance of a dissolution test, see USP

General Chaptersh711i, h724i, h1088i, and h1092i.

The in vitro dissolution test was initially developed as a

quality control tool to ensure drug product quality and

batch-to-batch consistency. The test procedures for conducting

dissolution tests are described in USP General Chapters h711i

and h724i. The development of the BCS brings new under-

standing and power to the dissolution test. The BCS classifies

the drug substance according to the solubility and the perme-

ability of the drug through a biomembrane such as the intesti-

nal mucosal cells. The dissolution rate of the drug from the

dosage form is important in substantiating biowaivers based

on the BCS.

Dissolution Profile Comparisons

In vitro drug dissolution and release testing can be related to

in vivo drug performance, such as BA. The comparisons of

dissolution profiles are gaining importance as a means of doc-

umenting comparative BA studies—that is, BE. A biowaiver

is the replacement or waivers of in vivo BE studies by an in

vitro test.

A model independent mathematical approach is used to

compare the dissolution profile of two products: (1) to com-

pare the dissolution profile between the T (generic, multi-

source) product and R (comparator) product in biowaiver

considerations; (2) to compare the dissolution profile between

the two strengths of products from a given manufacturer; and

(3) for SUPAC after the product is approved. For comparing

the dissolution profile, the similarity factor f2 should be com-

puted using the equation

where Rt and Tt are the cumulative percentage of the drug dis-

solved at each of the selected n time points of the reference and

test product, respectively. An f2 value of 50 or greater (50 to

100) ensures dissolution profile similarity and the sameness or

equivalence of the two curves, and thus the performance of the

two products. At a minimum, three points should be used for

similarity profile comparison. For products that dissolve very

rapidly (�85% dissolution in 15 minutes) a profile comparison

is not necessary.

BIOWAIVER

The term biowaiver is applied to a regulatory approval pro-

cess when the application (dossier) is approved on the basis of

evidence of equivalence other than an in vivo BE test. For sol-

id oral dosage forms, the evidence of equivalence is deter-

mined on the basis of an in vitro dissolution profile

comparison between the multisource and the comparator pro-

duct. In many cases, the in vitro dissolution (equivalence) test

is considered more stringent and reliable than the in vivo BE

test.

Biowaiver Based on the Pharmaceutical Dosage Form

A drug product’s in vivo comparative BA or BE study re-

quirement may be waived if the products compared contain

the same API(s) in the same concentration, contain the same

excipients in comparable concentrations, and meet one of the

following criteria:

� Aqueous solutions to be administered parenterally

� Solutions for oral use that do not contain an excipient that

is known or is suspected to affect gastro-intestinal transit

or absorption of the active substance

� Gases

� Powders for reconstitution as a solution

� Otic or ophthalmic products prepared as aqueous solu-

tions

� Topical products prepared as aqueous solutions
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� Inhalation products or nasal sprays tested to be adminis-

tered with essentially the same device. Special in vitro

performance testing should be required to document com-

parable device performance.

Biowaiver Based on Dosage Form Proportionality

When a single-dose fasting BE study is conducted on the

designated (usually highest) strength of the drug product, the

requirement for the conduct of additional in vivo BE studies

on the lower strengths of the same product can be waived, pro-

vided that the lower strength (1) is in the same dosage form;

(2) is proportionally similar in its active and inactive ingredi-

ents; (3) has the same drug release mechanism (for extended-

release products); and (4) meets an appropriate in vitro disso-

lution profile comparison criterion (f2 �50).

Biowaiver Based on the Biopharmaceutics Classification

System

The BCS is based on aqueous solubility and intestinal per-

meability of the API. When the properties of the API are eval-

ua ted in con junc t ion wi th the d i s so lu t ion of the

pharmaceutical dosage form, the BCS takes into account three

major factors that govern the rate and extent of drug absorp-

tion from immediate-release dosage forms. On the basis of the

solubility and permeability of the dosage form, the drug sub-

stance is places in one of four classes:

Class 1: high solubility, high permeability

Class 2: low solubility, high permeability

Class 3: high solubility, low permeability

Class 4: low solubility, low permeability

Use of the BCS has become a means of documenting BE

without the conduct of an in vivo study; see the FDA Guid-

ance Guidance for Industry: Waiver of In Vivo Bioavailability

and Bioequivalence Studies for Immediate-Release Solid Oral

Dosage Forms Based on a Biopharmaceutics Classification

System (2000) (http://www.fda.gov/; search by document ti-

tle).

The in vitro dissolution studies are generally carried out by

basket method at 100 rpm or by paddle method at 50 rpm

(FDA Guidance cited immediately above) or 75 rpm [WHO

Guidance, Annex 7Multisource (Generic) Pharmaceutical

Products: Guidelines on Registration Requirements to Estab-

lish Interchangeability (2006)] http://www.who.int/en/; search

by document title) in 900 mL of medium at pH 1.2, 4.5, and

6.8. On the basis of dissolution rate, the pharmaceutical dos-

age forms are classified as (1) very rapidly dissolving, if 85%

or greater of the the dosage form dissolves in 15 minutes or

less; (2) rapidly dissolving, if 85% or greater of the dosage

form dissolves in 30 minutes; or (3) slowly dissolving, if the

dosage form takes more than 30 minutes for 85% of drug dis-

solution.

For biowaiver, the dissolution tests should be carried out for

both generic and reference product under the same test condi-

tions. For the generic product to be eligible for biowaiver, the

reference product should belong to the same BCS class and

should meet dissolution profile comparison criteria. Based

on BCS classification and dissolution profile comparison, bio-

waiver can be considered by regulatory authorities provided

the dissolution profile similarity criteria provided in the next

sections are met.

CLASS 1 DRUG PRODUCTS (ALLOWED IN WHO AND

FDA APPROACHES)

Dosage forms of drug substances that are highly soluble,

highly permeable, and rapidly dissolving are eligible for bio-

waivers under the following conditions:

1. 85% or more of the dosage form dissolves in 30 minutes

or less and the dissolution profile of the generic product is

similar to that of the reference product in pH 1.2, 4.5, and

6.8 buffer, using the basket method at 100 rpm or the pad-
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dle method at 50 rpm (FDA) or 75 rpm (WHO), and meets

the criterion of dissolution profile similarity, f2 �50.

2. If both the reference and the generic dosage forms are ver-

y rapidly dissolving (i.e., 85% dissolution in 15 minutes

or less in all three media under the above test conditions),

then profile determination is not necessary.

CLASS 2 DRUG PRODUCTS (WHO APPROACH)

Dosage forms of drug substances with high solubility only

in pH 6.8 and high permeability (low solubility by definition,

BCS Class 2) are eligible for biowaivers, provided that:

1. The dosage form is rapidly dissolving (85% or more in 30

minutes or less) in pH 6.8 buffer.

2. The generic product exhibits dissolution profiles similar

to those of the comparator product in buffers at pH 1.2,

4.5, and 6.8.

CLASS 3 DRUG PRODUCTS (WHO APPROACH)

Dosage forms of drug substances that are highly soluble and

have low permeability are eligible for biowaivers under the

following conditions:

1. Both the reference and the generic dosage forms are very

rapidly dissolving (85% dissolution in 15 minutes or less

in all three media under the test conditions given above),

and they do not contain any excipients and/or inactive

substances that are known to alter gastrointestinal motility

and/or permeability or influence drug absorption.

2. Firms should show that the quantity of excipients used is

consistent with the intended use. When new excipients

and/or atypically large amounts of commonly used excip-

ients are included in the dosage form, additional informa-

tion documenting the absence of any significant impact on

bioavailability of the drug is required.

DISSOLUTION AS A QUALITY CONTROLTESTAND A

BE TEST

There is a clear difference between dissolution as a quality

control test and dissolution as an in vitro equivalence (BE)

test. For immediate-release dosage forms, the quality control

test involves a single-point dissolution test in only one medi-

um (generally a compendial test). On the other hand, the in

vitro equivalence test (BE test) involves dissolution profile

comparison in pH 1.2, 4.5, and 6.8 between the T product

and the R product.
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APPENDIX

Comparison of FDA and WHO Definitions

Term FDA WHO

Pharmaceutical Equiva-

lents

Drug products are considered pharmaceuti-

cal equivalents if they contain the same ac-

tive ingredient(s), are of the same dosage

form, have the same route of administration,

and are identical in strength or concentra-

tion. Pharmaceutically equivalent drug prod-

ucts are formulated to contain the same

amount of active ingredient in the same dos-

age form and to meet the same or compen-

dial or other applicable standards (strength,

quality, purity, and identity); but they may

differ in characteristics such as shape, scor-

ing configuration, release mechanisms,

packaging, excipients, expiration time, and,

within certain limits, labeling.

Products are pharmaceutical equivalents if

they contain the same molar amount of the

same API(s) in the same dosage form; if

they meet comparable standards; and if they

are intended to be administered by the same

route. Pharmaceutical equivalence does not

necessarily imply therapeutic equivalence,

because differences in the excipients and/

or the manufacturing process and some oth-

er variables can lead to differences in pro-

duct performance.

Pharmaceutical

Alternatives

Drug products are considered pharmaceuti-

cal alternatives if they contain the same ther-

apeutic moiety but are different salts, esters,

or complexes of that moiety or are different

dosage forms or strengths.

Products are pharmaceutical alternative(s) if

they contain the same molar amount of the

same active pharmaceutical moiety or moi-

eties but differ in dosage form (e.g., tablets

vs. capsules) and/or chemical form (e.g.,

different salts, different esters). Pharmaceu-

tical alternatives deliver the same active

moiety by the same route of administration

but are otherwise not pharmaceutically

equivalent. They may or may not be BE

or TE with the comparator product.
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Comparison of FDA and WHO Definitions (Continued)

Term FDA WHO

Therapeutic

Equivalents

Drug products are considered to be therapeu-

tic equivalents only if they are pharmaceuti-

cal equivalents and if they can be expected to

have the same clinical effect and safety pro-

file when administered to patients under the

conditions specified in the labeling.

Two pharmaceutical products are consid-

ered to be therapeutically equivalent if they

are pharmaceutically equivalent or pharma-

ceutical alternatives and after administration

in the same molar dose, their effects, with

respect to both efficacy and safety, are es-

sentially the same when administered to pa-

t ien ts by the same route under the

conditions specified in the labeling.

Bioavailability (BA) This term means the rate and extent to which

the active ingredient or active moiety is ab-

sorbed from a drug product and becomes

available at the site of action.

The rate and extent to which the active phar-

maceutical ingredient or active moiety is ab-

sorbed from a pharmaceutical dosage form

and becomes available [at the site(s) of ac-

tion] in the general circulation.

Bioequivalent

Drug Products

(BE)

This term describes pharmaceutical equiva-

lent or pharmaceutical alternative products

that display comparable BA when studied

under similar experimental conditions.

Two pharmaceutical products are BE if they

are pharmaceutically equivalent or pharma-

ceutical alternatives and their BA, in terms

of peak concentration (Cmax), time to peak

concentration (Tmax), and total exposure

(AUC) after administration of the same mo-

lar dose under the same conditions, are sim-

ilar to such a degree that their effects can be

expected to be essentially the same.

RLD (Reference

Product) or

Comparator Product

An RLD [21 CFR 314.94(a)(3)] means the

listed drug identified by FDA as the drug

product upon which an applicant relies in

seeking approval of its ANDA.

The comparator product is a pharmaceutical

product with which the multisource product

is intended to be interchangeable in clinical

practice. The comparator product normally

will be the innovator product for which ef-

ficacy, safety, and quality have been estab-

lished. The selection of the comparator

product usually is made at the national level

by the drug regulatory authority.
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Comparison of FDA and WHO Definitions (Continued)

Term FDA WHO

Generic Product A generic product is a product that is thera-

peutically equivalent to the RLD and is in-

tended to be interchangeable with the

innovator product.

Multisource Pharmaceuti-

cal Products

Pharmaceutically equivalent or pharmaceu-

tically alternative products that may or may

not be therapeutically equivalent. Multi-

source pharmaceutical products that are

therapeutically equivalent are interchange-

able.

Interchangeable Pharma-

ceutical Product

An interchangeable pharmaceutical product

is one that is therapeutically equivalent to a

comparator product and can be inter-

changed with the comparator in clinical

practice.

&2S (USP32)
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

N,N-Dimethyldecylamine. It is proposed to add this new reagent
used in the test for Amines and amine salts, proposed in this same
edition, in the monograph for Benzalkonium Chloride.

(HDQ: M. Marques) RTS—C50740

Add the following:
&N,N-Dimethyldecylamine (1-(Dimethylamino)decane),

C4H9NO—185.35[1120-24-7]—Use a suitable grade with a

content of not less than 98%.&2S (USP32)

BRIEFING

Tetrabutylammonium Hydrogen Sulfate Ion Pairing Reagent.
It is proposed to add this new reagent used to prepare the Mobile
phase in the Assay and Related compounds tests in the monographs
for Piperacillin and Tazobactam for Injection, appearing in this
edition of PF, and Piperacillin and Tazobactam Injection, targeted
for a future edition of PF, respectively.

(HDQ: M. Marques) RTS—C64165

Add the following:

&Tetrabutylammonium Hydrogen Sulfate Ion Pairing

Reagent (Tetrabutylammonium bisulfate), C16H37NSO4—

339.53 [32503-27-8]—Use a suitable grade.

[NOTE—A suitable grade is available as catalog number

WAT084189 from the Waters Corporation (www.waters.

com).]&2S (USP32)

Volumetric Solutions

BRIEFING

Volumetric Solutions, USP 31 page 821 and page 812 of PF
34(3) [May–June 2008]. It is proposed to modify the preparation of
Bismuth Nitrate, 0.01M; instead of diluting with water, the dilution
should be made with 0.01N nitric acid to avoid the formation of
bismuth oxide. It is also proposed to add a new volumetric solution,
Potassium Thiocyanate, Tenth-Normal (0.1 N).

(HDQ: M. Marques) RTS—C64202; C64937

Change to read:

Bismuth Nitrate, 0.01 mol/L

~M~USP32

Bi(NO3)3 � 5H2O, 485.07
1000 mL of this solution contains 4.851 g of bismuth nitrate

pentahydrate
Dissolve 4.86 g of bismuth nitrate pentahydrate in 60 mL of dilute

nitric acid, add water

&0.01N nitric acid&2S (USP32)
to make 1000 mL, and standardize the solution as follows.
Accurately measure 25 mL of the prepared bismuth nitrate

solution, add 50 mL of water and 1 drop of xylenol orange TS, and
titrate the solution with 0.01 mol/L of disodium dihydrogen
ethylenediamine tetraacetate

~0.01M edetate disodium~USP32
VS until the red color changes to yellow. Calculate the molarity
factor.

Add the following:

& Iodine, Twentieth-Normal (0.05N)
I, 126.90

6.33 g in 1000 mL

Dissolve about 6.5 g of iodine in a solution of 18 g of

potassium iodide in 100 mL of water, add 3 drops of

hydrochloric acid, dilute with water to 1000 mL, and

standardize the solution as follows.

Transfer 50.0 mL of the iodine solution to a 250-mL flask,

dilute with water to 100 mL, add 1 mL of 1N hydrochloric

acid, swirl gently to mix, and titrate with 0.1N sodium
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thiosulfate VS until the solution has a pale yellow color. Add

2 mL of starch TS, and continue titrating until the solution is

colorless.

&2S (USP31)

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Chlorobenzene
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of chlorobenzene. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Methanol
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of methanol. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Lithium Methoxide, Tenth-Normal (0.1N) in Toluene
CH3OLi, 37.97

3.798 g in 1000 mL
Dissolve 500

&700&2S (USP31)
mg of freshly cut lithium metal in 150 mL of methanol, cooling the
flask during addition of the metal. When reaction is complete, add
850 mL of toluene. If cloudiness or precipitation occurs, add
sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration
against benzoic acid as described under Sodium Methoxide, Tenth-
Normal (0.1 N) (in Toluene).

NOTE—Restandardize the solution frequently.

Change to read:

Potassium Iodate, Twentieth-Molar (0.05 M)
KIO3, 214.00

10.70 g in 1000 mL
Dissolve 10.700 g of potassium iodate, previously dried at 1108 to

constant weight, in water to make 1000.0 mL.

&Standardize the solution as follows: To 15.0 mL of solution

in a 250 mL iodine flask, add 3 g of potassium iodide and

3 mL of hydrochloric acid previously diluted with 10 mL of

water. Stopper immediately, and allow to stand in the dark for

5 minutes. Then add 50 mL of cold water, and titrate the

liberated iodine with freshly standardized 0.1N sodium

thiosulfate. Add 3 mL of starch indicator solution near the

end of the titration, and continue to the absence of the blue-

starch-iodine complex.

&1S (USP32)
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Add the following:

&Potassium Thiocyanate, Tenth-Normal (0.1N)
KSCN, 97.18

9.72 g in 1000 mL
Weigh exactly 9.72 g of potassium thiocyanate, previously

dried for 2 hours at 1108, transfer to a 1-L volumetric flask,

dilute with water to volume, and mix well. Standardize as

follows: transfer 40.0 mL of freshly standardized 0.1N silver

nitrate VS to a 250-mL Erlenmeyer flask; and add 100 mL of

water, 1 mL of nitric acid, and 2 mL of ferric ammonium

sulfate TS. Titrate with the potassium thiocyanate solution,

with agitation, to a permanent light pinkish-brown color of

the supernatant.

&2S (USP32)

Change to read:

Sodium Tetraphenylboron, Fiftieth-Molar (0.02 M)
NaB(C6H5)4, 342.22
6.845 g in 1000 mL

Dissolve an amount of sodium tetraphenylboron, equivalent to
6.845 g of NaB(C6H5)4, in water to make 1000 mL, and standardize
the solution as follows.
Pipet two 75-mL portions of the solution into separate beakers,

and to each add 1 mL of acetic acid and 25 mL of water. To each
beaker add, slowly and with constant stirring, 25 mL of potassium
biphthalate solution (1 in 20), and allow to stand for 2 hours. Filter
one of the mixtures through a filtering crucible, and wash the
precipitate with cold water. Transfer the precipitate to a container,
add 50 mL of water, shake intermittently for 30 minutes, filter, and
use the filtrate as the saturated potassium tetraphenylborate solution
in the following standardization procedure. Filter the second mixture
through a tared filtering crucible, and wash the precipitate with three
5-mL portions of saturated potassium tetraphenylborate solution.
Dry the precipitate at 1058 for 1 hour. Each g of potassium
tetraphenylborate (KTPB) is equivalent to 955.1 mg of sodium
tetraphenylboron.

NOTE—Prepare this solution just before use.
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REFERENCE TABLES

CONTAINERS FOR DISPENSING CAPSULES
AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets,USP 31 page
831, and page 815 of PF 34(3) [May–June 2008].

(HDQ) RTS—C51283; C52858; C55363; C56124

The following table is provided as a reminder for the pharmacist
engaged in the typical dispensing situation who already is acquainted
with the Packaging and storage requirements set forth in the individ-
ual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T),
well-closed (W), and light-resistant (LR) specifications applicable
to containers in which the drug that is repackaged should be dis-
pensed.
This table is not intended to replace, nor should it be interpreted as

replacing, the definitive requirements stated in the individual mono-
graphs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Acitretin Capsules W, LR&1S (USP31)

Add the following:

~

Arginine Capsules T, LR~USP32

Add the following:

~

Arginine Tablets T, LR~USP32

Add the following:

~

Bicalutamide Tablets T~USP32

Add the following:

&Cabergoline Tablets T, LR&1S (USP32)

Add the following:

&Calcium Carbonate and Magnesia

Chewable Tablets W&1S (USP31)

Add the following:

&Calcium Citrate Tablets W&1S (USP32)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Carvedilol Tablets T, LR~USP32

Add the following:

&Cat’s Claw Capsules T, LR&1S (USP31)

Add the following:

&Cat’s Claw Tablets T, LR&1S (USP31)

Change to read:

Cefaclor

&Chewable&2S (USP31)

Tablets T

Add the following:

~

Cefdinir Capsules T, LR~USP32

Add the following:

&Cilostazol Tablets T, LR&1S (USP31)

Add the following:

&Clonazepam Orally Disintegrating

Tablets W, LR&1S (USP32)

Add the following:

&Colestipol Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Curcuminoids Capsules W, LR~USP32

Add the following:

~

Curcuminoids Tablets W, LR~USP32

Add the following:

&Diclofenac Sodium Tablets, Extended-

Release W&1S (USP31)

Add the following:

&Didanosine Tablets for Oral Suspension T&2S (USP31)

Add the following:

&Doxycycline Hyclate Tablets, Delayed-

Release T, LR&1S (USP32)
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Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Fenofibrate Capsules W~USP32

Add the following:

&Fish Oil Containing Omega-3 Acids

Capsules

T&1S (USP31)

Add the following:

~

Flavoxate Hydrochloride Tablets W, LR~USP32

Add the following:

&Fluconazole Tablets W&2S (USP32)

Add the following:

&Galantamine Tablets &1S (USP31)

Change to read:

Asian Ginseng Capsules
T, LR

~

~2S (USP31)

Add the following:

&Glimepiride Tablets W&1S (USP31)

Add the following:

&Granisetron Hydrochloride Tablets W, LR&2S (USP32)

Add the following:

&Guggul Tablets W, LR&2S (USP32)

Add the following:

&Hydroxyzine Pamoate Capsules W&1S (USP32)

Add the following:

&Ivermectin Tablets W&2S (USP31)

Add the following:

&Ivermectin and Pyrantel Pamoate

Tablets T&1S (USP32)

Add the following:

~

Ketoprofen Capsules, Extended-

Release T~USP32

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Lisinopril and Hydrochlorothiazide

Tablets W~USP32

Add the following:

~

Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR~USP32

Add the following:

&Loratadine Orally Disintegrating

Tablets T&1S (USP32)

Add the following:

&Metronidazole Capsules W, LR&1S (USP32)

Add the following:

~

Mirtazapine Orally Disintegrating

Tablets LR~USP32

Add the following:

&Ondansetron Tablets T, LR&2S (USP32)

Add the following:

&Orbifloxacin Tablets T&1S (USP32)

Add the following:

~

Orlistat Capsules T~USP31

Add the following:

&Orphenadrine Citrate Tablets,

Extended-Release T, LR&1S (USP32)

Add the following:

~

Pantoprazole Sodium Delayed-Release

Tablets T~USP32

Add the following:

&Pilocarpine Hydrochloride Tablets T&1S (USP32)

Add the following:

&Potassium Citrate Tablets W&1S (USP32)
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Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

&Raloxifene Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Soy Isoflavones Capsules T, LR~USP32

Add the following:

~

Valganciclovir Tablets T~USP32

Add the following:

&Zinc Citrate Tablets W&1S (USP32)

BRIEFING

Description and Relative Solubility of USP and NF Articles,
USP 31 page 840, page 266 of PF 29(1) [Jan.–Feb. 2003], page
591 of PF 31(2) [Mar.–Apr. 2005], page 1193 of PF 31(4) [July–
Aug. 2005], page 188 of PF 32(1) [Jan.–Feb. 2006], page 662 of
PF 32(2) [Mar.–Apr. 2006], page 110 of PF 33(1) [Jan.–Feb.
2007], page 507 of PF 33(3) [May–June 2007], page 775 of PF
33(4) [July–Aug. 2007], page 1053 of PF 33(5) [Sept.–Oct. 2007],
page 1270 of PF 33(6) [Nov.–Dec. 2007], page 166 of PF 34(1)
[Jan.–Feb. 2008], page 450 of PF 34(2) [Mar.–Apr. 2008], and page
817 of PF 34(3) [May–June 2008].

(HDQ) RTS—C42877; C46245; C49309; C49318; C50554;
C51777; C53129; C54626; C54944; C58887; C61256

Add the following:

&Ceftiofur Hydrochloride: White to beige powder. Spar-

ingly soluble in demethylformamide and in alcohol; slightly

soluble in 0.1 N hydrochloric acid; very slightly soluble in tet-

rahydrofuran; practically insoluble in ethyl acetate.&2S (USP32)

Add the following:

&Ceftiofur Sodium: White to beige powder. Freely solu-

ble in propylene glycol; soluble in water; slightly soluble in

tetrahydrofuran, in absolute alcohol, and in acetone; insoluble

in methylene chloride.&2S (USP32)

Add the following:

&Cloprostenol Sodium: White or almost white, amor-

phous powder. Is hygroscopic. Freely soluble in water, in al-

coho l , and in methano l ; p rac t i ca l ly inso lub le in

acetone.&2S (USP32)

Add the following:

&Enrofloxacin: Pale yellow to light yellow crystalline pow-

der. Slightly soluble in water at pH 7.&2S (USP32)

Change to read:

Imipenem: White to tan-colored crystalline powder. Sparingly
soluble in water; slightly soluble in methanol.

& Slightly soluble in water and in methanol.&2S (USP32)

Add the following:

&Itraconazole: A white or almost white powder. Freely

soluble in methylene chloride; sparingly soluble in tetrahydro-

furan; very slightly soluble in alcohol; practically insoluble in

water.&2S (USP32)
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Add the following:

&Midazolam: White or yellowish powder. The hydro-

chloride salt of midazolam is soluble in aqueous solutions. In-

soluble in water.&2S (USP32)

Add the following:

&Oxaliplatin: White to off-white crystalline powder.

Slightly soluble in water; very slightly soluble in methanol;

and practically insoluble in alcohol.&2S (USP32)

Add the following:

&Palm Oil: White to yellowish, fatty solid to semisolid.

Insoluble in water. NF catergory: Coating agent; emulsifying

and/or solubilizing agent.&2S (NF27)

Change to read:

Soybean Oil: Clear, pale yellow, oily liquid having a character-
istic odor and taste. Insoluble in water. Miscible with ether and with
chloroform.

&Specific gravity h841i: between 0.916 and 0.922.

Refractive index h831i: between 1.465 and 1.475.&2S (NF27)

NF category: Vehicle (oleaginous).

Add the following:

&Terconazole: White to off-white powder. Freely soluble

in methylene chloride; soluble in acetone; sparingly soluble in

alcohol; and practically insoluble in water. It exhibits poly-

morphism.&2S (USP32)
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and published in the

Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an item is adopted, it is

published in the USP–NF, its Supplements, or an IRA. Those items that have not yet been adopted are marked as Pending Pro-

posals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Requirements; USP

monographs; Dietary Supplements Monographs; General Chapters; Reference Tables; Excipients; and NF Monographs. Each

entry in the Pending Proposals list contains the monograph title and the citation of the most recent publication of the monograph.

Reprints of PF proposals may be purchased from USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.
� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible for the

proposed revisions. The contact information (phone number and email) for the Scientific Liaison is available in the Staff

Directory section of How to Use PF. For USP–NF Online subscribers, the name and contact information for the assigned

Scientific Liaison is available in the Auxiliary Information portion of each monograph.
� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chapter of

interest.
� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general chapter in the

subject line of the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were pending,

but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e., 34(1) through 34(6)].

Note that canceled proposals may be republished in PF to be considered for future adoption into the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

General Notices (entire General Notices and Requirements revised) 34 1 40

USP Monographs
Acarbose (new) 33 3 388
Acetylcysteine—USP Reference standards, Assay 31 3 726
Acitretin (new) 33 3 390
Acitretin Capsules (new) 33 3 392
Albendazole—Assay 34 1 69
Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add)
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Sulfate—USP Reference standards, Assay 34 2 242
Albuterol Tablets—Assay 31 3 726
Alfuzosin Hydrochloride (new) 34 1 69
Allopurinol—Related compounds, Limit of hydrazine (add) 34 1 70
Alprazolam—USP Reference Standards, Identification, Loss on drying,
Chromatographic purity (delete), Related compounds (add), Assay

33 5 868

Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable
Tablets (new)

29 6 1836

Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets—
Title (name change), Defoaming activity (delete)

33 5 870

Alumina, Magnesia, and Simethicone Chewable Tablets (new)—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia, and Simethicone Oral Suspension—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Tablets—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Chewable Tablets—
Defoaming activity (delete)

33 5 871

Aluminum Acetate Topical Solution—Identification 34 2 242
Aluminum Subacetate Topical Solution—Identification 34 2 242
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Amiloride Hydrochloride and Hydrochlorothiazide Tablets—Dissolution 33 4 636
Aminophylline—CAS number 34 1 72
Amodiaquine Hydrochloride—USP Reference standards, Identification,
Chromatographic purity, Assay

34 2 243

Amodiaquine Hydrochloride Tablets—USP Reference standards,
Identification, Assay

34 3 558

Anastrozole (new) 34 2 244
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Arginine Capsules (new) 33 6 1160
Arginine Tablets (new) 33 6 1161
Atovaquone—Heavy metals, Assay 34 2 247
Atovaquone Oral Suspension—Assay 34 2 247
Avobenzone—Assay 33 5 872
Azithromycin—USP Reference standards, Limit of related
substances (delete), Related compounds (add)

34 3 559

Azithromycin for Injection (new) 34 3 562
Aztreonam—Definition, Labeling, Identification, Water 33 5 872
Aztreonam for Injection—Assay 31 3 737
Bacitracin—Chemical structure (add), Definition,
Identification, Residue on ignition (add),
Composition (add)

33 5 873

Bacitracin Zinc—Definition, Identification,
Composition (add)

33 5 875

Baclofen—Assay 33 2 211
Benzonatate Capsules—Dissolution 33 3 394
Betamethasone Oral Solution—Packaging and storage,
Thin-layer chromatographic identification test (delete),
Identification A, B (add), Microbial limits (add),
pH (add), Deliverable volume (add), Related
compounds (add), Assay

34 3 567

Bicalutamide (new) 33 5 876
Bicalutamide Tablets (new) 34 1 73
Biological Indicators for Moist Heat, Dry Heat, and Gaseous
Modes of Sterilization, Metal or Plastic Carriers (new)

30 1 63

Biological Indicators for Moist Heat, Dry Heat, and Gaseous
Modes of Sterilization, Liquid Spore Suspensions (new)

30 1 66

Bismuth Subsalicylate Magma—Packaging and storage 33 4 638
Bisoctrizole (new) 32 2 309
Bisoprolol Fumarate Tablets—Dissolution 34 3 570
Bupivacaine Hydrochloride—CAS number 34 1 75
Bupropion Hydrochloride—Identification, Related compounds,
Content of chloride (delete)

33 4 638

Bupropion Hydrochloride Tablets—Identification 33 2 211
Bupropion Hydrochloride Extended-Release Tablets—Dissolution,
Related compounds

34 3 570

Buspirone Hydrochloride—Content of chloride 31 3 742
Cabergoline (new) 34 1 75
Cabergoline Tablets (new) 34 3 572
Calcitonin Salmon (new) 33 5 878
Calcium Carbonate and Magnesia Tablets (title change)—Labeling 33 2 211
Calcium Carbonate and Magnesia Chewable Tablets (new) 33 2 212
Calcium Carbonate, Magnesia, and Simethicone Tablets (new)—
Defoaming activity (delete)

33 5 888

Calcium Carbonate, Magnesia, and Simethicone Chewable
Tablets (new)—Defoaming activity (delete)

33 5 888

Camphor—Water 31 3 742
Carbachol—Identification 33 2 213
Carbachol Intraocular Solution—Identification 33 2 213
Carbachol Ophthalmic Solution—Identification 33 2 214
Carvedilol (new) 34 3 574
Carvedilol Tablets (new) 34 3 579
Cefaclor Capsules—Identification, Related compounds, Assay 34 2 248
Cefaclor Chewable Tablets (new) 33 4 641
Cefdinir (new) 33 6 1162
Cefdinir for Oral Suspension (new) 34 1 81
Chlorhexidine Acetate (new) 34 3 582
Chlorhexidine Gluconate Oral Rinse—Labeling, USP Reference
standards

34 2 250

Chlorhexidine Gluconate Solution—USP Reference standards,
Limit of p-chloroaniline, Assay

34 2 250
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Chlorhexidine Hydrochloride (new) 34 3 585
Chloroquine—Assay 34 1 86
Chloroquine Phosphate—USP Reference standards,
Identification, Assay

34 2 251

Chloroquine Phosphate Tablets—USP Reference standards,
Identification, Assay

34 3 587

Ciclopirox—Related compounds 33 4 642
Ciclopirox Olamine—Related compounds 33 4 643
Cilostazol—Loss on drying 34 3 589
Cilostazol Tablets (new) 33 3 395
Cisapride (new) 34 2 253
Citalopram Hydrobromide—Identification 33 2 214
Anhydrous Citric Acid (Harmonization), Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization), Sulfate 31 3 750
Citric Acid, Magnesium Oxide, and Sodium Carbonate
Irrigation—USP Reference standards, Assay for citric
acid (delayed implementation to January 1, 2009)

31 2 394

Cladribine—Specific rotation, Related compounds 33 1 49
Climbazole (new) 33 5 891
Clonazepam Orally Disintegrating Tablets (new) 34 2 254
Clopidogrel Tablets—Related compounds 33 1 50
Clozapine—USP Reference standards, Identification,
Chromatographic purity (delete), Related compounds (add)

33 5 893

Clozapine Tablets—Uniformity of dosage units (add) 34 3 589
Colchicine—Definition 33 3 396
Colestipol Hydrochloride—Identification 33 5 895
Colestipol Hydrochloride for Oral Suspension—
Identification (add)

33 5 896

Colestipol Hydrochloride Tablets (new) 33 5 896
Cupric Sulfate—Limit of calcium 33 5 898
Cyromazine (new) 33 4 644
Dactinomycin—Specific rotation 34 3 589
Dalteparin Sodium (new) 30 5 1598
Dantrolene Sodium Capsules—Dissolution 33 4 645
Dapsone—Assay 31 3 750
Acellular Dermal Matrix (new) 33 5 898
Desmopressin Nasal Spray Solution (new) 31 4 1059
Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclofenac Potassium—Identification 34 1 87
Diclofenac Potassium Tablets—Dissolution, Loss on drying (delete),
Limit of potassium (delete), Related compounds, Assay

34 2 257

Diclofenac Sodium Delayed-Release Tablets—Identification 31 3 751
Diclofenac Sodium Extended-Release Tablets (new) 33 2 218
Didanosine—USP Reference standards, Related compounds 34 1 87
Didanosine Tablets for Oral Suspension (new) 33 5 903
Dihydrocodeine Bitartrate—Definition 33 3 396
Dihydroxyaluminum Sodium Carbonate Chewable
Tablets (new)

29 6 1873

Diethylstilbestrol Diphosphate (delete entire monograph) 33 6 1165
Diethylstilbestrol Diphosphate Injection (delete entire monograph) 33 6 1167
Diltiazem Hydrochloride—Definition 33 5 907
Dimenhydrinate—Identification 33 5 907
Dimenhydrinate Injection—USP Reference standards, Identification 33 5 907
Dimethyl Sulfoxide—Definition, Congealing temperature (delete),
Substances darkened by potassium hydroxide (delete), Limit of
dimethyl sulfone (delete), Limit of nonvolatile residue,
Related compounds (add), Assay (add)

34 1 88

Dinoprost Tromethamine Injection (new) 33 5 908
Dipivefrin Hydrochloride—Assay 34 1 89
Disopyramide Phosphate—Assay 34 1 90
Doxycycline Hyclate Delayed-Release Tablets (new) 34 3 589
Dronabinol—Packaging and storage, Related compounds, Assay 34 1 90
Dyclonine Hydrochloride— Chemical information 33 6 1167
Egg Phospholipids (new) 31 3 757
Enalapril Maleate and Hydrochlorothiazide Tablets—
Dissolution

33 2 220

Enalaprilat Injection (new) 34 3 593
Enoxaparin Sodium (new) 33 1 52
Enoxaparin Sodium Injection (new) 33 1 58
Epinephrine—Assay 34 1 91
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Eprinomectin (new) 33 1 60
Esomeprazole Magnesium (new) 33 3 397
Estradiol—Chemical information, Labeling (add) 33 6 1167
Estradiol Benzoate (new) 33 2 220
Estradiol Tablets—USP Reference standards, Chromatographic
purity (add)

34 3 596

Estradiol Vaginal Inserts (new) 34 3 597
Conjugated Estrogens—Definition 30 3 840
Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Ethinyl Estradiol Tablets—Disintegration (delete), Dissolution (add) 31 4 1067
Ethionamide—Assay 33 4 648
Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Eucatropine Hydrochloride (delete entire monograph) 33 6 1168
Eucatropine Hydrochloride Ophthalmic Solution (delete entire
monograph)

33 6 1168

Famotidine Injection (new) 32 2 333
Fenofibrate (new) 31 3 763
Fenofibrate Capsules (new) 34 2 258
Fenoprofen Calcium—Chromatographic purity 34 3 601
Fentanyl (new) 34 3 602
Fexofenadine Hydrochloride—Water 34 3 606
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride
Extended-Release Tablets—Identification,
Related compounds, Assay

34 2 262

Flavoxate Hydrochloride (new) 33 6 1172
Flavoxate Hydrochloride Tablets (new) 34 3 607
Fluconazole—Related compounds 34 1 96
Fluconazole Injection (new) 34 2 266
Fludarabine Phosphate Injection (new) 33 2 232
Fludeoxyglucose F 18 Injection—Chemical purity 33 6 1176
Flumazenil Injection—Bacterial endotoxins 33 2 234
Flurazepam Hydrochloride—Identification 31 3 766
Fluticasone Propionate Cream (new) 34 3 609
Fluticasone Propionate Ointment (new) 34 3 611
Fluvestrant (new) 33 5 99
Formaldehyde Solution—Definition, Labeling (delete),
Content of methanol (add), Assay

33 4 650

Formoterol Fumarate (new) 33 3 402
Foscarnet Sodium (new) 34 1 97
Fosinopril Sodium—Related compounds 34 3 613
Fosphenytoin Sodium—Related compounds, Assay 34 2 270
Galantamine Hydrobromide (new) 33 2 234
Galantamine Tablets (new) 33 3 407
Glimipiride Tablets (new) 33 3 411
Glutaral Concentrate—Specific gravity 31 3 766
Glyburide Tablets—Dissolution 33 4 651
Glyburide and Metformin Hydrochloride Tablets (new) 31 3 766
Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride (new) 33 6 1176
Haloperidol Decanoate (new) 34 3 614
Heparin Sodium—Definition, Anti-factor Xa

activity, Assay
33 2 238

Hydrocodone Bitartrate and Homatropine Methylbromide Tablets—
Labeling (add), Dissolution (add)

33 4 654

Hydroxyzine Pamoate—Identification, Residue on ignition,
Heavy metals, Pamoic acid content (delete), Assay

34 2 271

Hydroxyzine Pamoate Capsules—Identification, Assay 34 2 272
Hydroxyzine Pamoate Oral Suspension—Identification, Assay 34 2 273
Hyoscyamine Sulfate—Specific rotation 33 4 659
Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Iopamidol—Chemical structure, Reference standards, Identification,
Related compounds

33 6 1179

Iopamidol Injection—Assay 33 6 1182
Ipratropium Bromide (new) 33 2 241
Isopropyl Alcohol—Reference standards 33 6 1182
Isosorbide Mononitrate Extended-Release Tablets (new) 33 4 659
Isotretinoin Capsules—Dissolution (add), Chromatographic
purity, Assay

34 2 274

Ivermectin—Definition 33 5 912
Ivermectin Injection (new) 33 5 913
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Ivermectin Paste (new) 33 5 914
Ivermectin Topical Solution (new) 33 5 916
Ivermectin Tablets (new) 33 5 918
Ivermectin and Clorsulon Injection (new) 33 5 921
Ivermectin and Pyrantel Pamoate Tablets (new) 34 2 277
Ketoprofen—USP Reference standards, Chromatographic purity 34 3 617
Ketoprofen Extended-Release Capsules (new) 31 5 1378
Lamotrigine (new) 34 3 617
Letrazole Tablets—Related compounds 33 2 244
Levalbuterol Hydrochloride (new) 33 3 416
Levalbuterol Inhalation Solution (new) 33 3 420
Levonorgestrel—USP Reference standards, Chromatographic purity,
Assay

34 3 620

Levorphanol Tartrate—Assay 34 2 280
Levothyroxine Sodium—Definition, Identification,
Water, Method III (delete), Water, Method I (add),
Limit of inorganic iodides (delete),
Limit of liothyronine sodium (delete),
Related compounds (add), Assay

33 3 422

Levothyroxine Sodium Tablets—Definition 34 1 100
Lindane—Assay 34 2 280
Liothyronine Sodium—Identification, Limit of
inorganic iodide (delete), Limit of
levothyroxine sodium, Assay

33 3 426

Lipid Injectable Emulsion (new) 34 3 621
Lisinopril and Hydrochlorothiazide Tablets (new) 33 6 1182
Loratadine Orally Disintegrating Tablets (new) 34 3 624
Loratadine and Pseudoephedrine Sulfate Extended-Release Tablets (new) 32 6 1715
Lorazepam—USP Reference standards, Identification,
Related compounds, Assay

33 3 427

Lorazepam Tablets—Related compounds 33 3 429
Losartan Potassium—Limit of cyclohexane and isopropyl alcohol (delete) 34 3 626
Mafenide Acetate Cream—Identification 34 2 280
Mafenide Acetate for Topical Solution—Content of acetic acid 34 3 627
Magadrate and Simethicone Tablets—Title (name change),
Defoaming activity (delete)

33 5 923

Magaldrate and Simethicone Chewable Tablets (new)
Defoaming activity (delete)

33 5 924

Magnesium Carbonate and Citric Acid for Oral Solution—
USP Reference standards (add), Content of anhydrous
citric acid, Other requirements (delayed implementation
to January 1, 2009)

31 2 419

Magnesium Citrate Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 420

Magnesium Citrate for Oral Solution—USP Reference
standards (add), Content of anhydrous citric acid,
Other requirements (delayed implementation
to January 1, 2009)

31 2 421

Mannitol Injection—Labeling 32 2 263
Meclizine Hydrochloride—Chromatographic purity 33 6 1186
Meclizine Hydrochloride Tablets—Identification,
Dissolution, Related compounds, Assay

33 6 1186

Meclocycline Sulfosalicylate—Assay 34 3 627
Meclocycline Sulfosalicylate Cream—Assay 34 3 628
Mefenamic Acid—Heavy metals 34 2 281
Mefloquine Hydrochloride—Assay 33 4 667
Meradimate—Assay 34 1 100
Methacholine Chloride—Identification, Melting range (delete) 34 3 629
Methotrexate—USP Reference standards, Chromatographic purity 34 3 630
Methoxsalen Capsules—Assay 34 1 101
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylprednisolone—Chromatographic purity, Assay 33 6 1189
Metronidazole—Packaging and storage, USP Reference standards,
Identification, Melting range (delete), Non-basic substances
(delete), Chromatographic purity (delete), Related compounds (add),
Assay

34 3 631

Metronidazole Capsules (new) 34 3 633
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Metronidazole Benzoate—USP Reference standards,
Related compounds

31 3 781

Midazolam Injection (new) 34 3 635
Mineral Oil—CAS number (add), Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add),
Neutrality (delete), Acidity (add), Readily carbonizable
substances, Limit of polynuclear compounds, Limit of sulfur
compounds (add)

33 5 962

Mineral Oil, Rectal—Packaging and storage, USP Reference standards
(add), Identification (add), Neutrality (delete),
Acidity (add)

33 5 964

Topical Light Mineral Oil—Packaging and storage,
Labeling, USP Reference standards (add), Identification,
Viscosity, Neutrality and solid paraffin (delete), Acidity (add),
Solid paraffin (add)

33 5 964

Mirtazapine Orally Disintegrating Tablets (new) 33 6 1189
Morantel Tartrate—pH 32 6 1735
Mupirocin Calcium—Identification, Related compounds, Assay 34 1 101
Mupirocin Cream—Related compounds, Assay 34 2 281
Mycophenolate Mofetil (new) 33 5 924
Naltrexone Hydrochloride—Related compounds 34 2 283
Naphazoline Hydrochloride Ophthalmic
Solution—Assay

33 5 926

Naproxen Delayed-Release Tablets—Drug release 33 6 1192
Nicotine Transdermal System—Drug release, Assay 33 5 927
Nifedipine Extended-Release Tablets—Dissolution 34 3 638
Norethindrone Tablets—Labeling (add), Disintegration (delete),
Dissolution (add)

33 6 1193

Norethindrone Acetate and Ethinyl Estradiol Tablets—Dissolution 33 3 432
Norethindrone Acetate and Ethinyl Estradiol Tablets—Identification 33 6 1194
Octinoxate—Chromatographic purity, Assay 33 2 246
Octocrylene—Identification, Assay 33 5 929
Ofloxacin—Chromatographic purity (delete), Related
compounds (add)

30 4 1274

Ofloxacin Tablets (new) 33 3 434
Olanzapine (new) 34 3 641
Omeprazole Magnesium (new) 33 3 436
Ondansetron Hydrochloride—Limit of ondansetron
related compound D, Assay

32 1 126

Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution

33 3 439

Orbifloxacin (new) 34 2 283
Orbifloxacin Tablets (new) 34 2 286
Orlistat Capsules (new) 32 6 1739
Orphenadrine Citrate Extended-Release Tablets (new) 34 3 643
Oxandrolone—Ordinary impurities (delete),
Related compounds (add), Assay

33 2 247

Oxandrolone Tablets—Identification, Assay 33 5 929
Oxytocin—Definition, USP Reference standards,
Identification, Vasopressor activity (delete),
Acetic acid content (add)

34 3 647

Paclitaxel—USP Reference standards, Related compounds 33 2 250
Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Paricalcitol—Identification, Chromatographic
purity, Assay

33 2 252

Paroxetine Hydrochloride—Limit of related compound C,
Limit of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine,
Chromatographic purity, Assay

33 5 932

Paroxetine Tablets—Identification, Uniformity of dosage units, Assay 33 4 672
Pectin—Identification 31 3 783
Penicillamine Capsules—Dissolution 31 2 436
Pentazocine and Acetaminophen Tablets—Title, Assay for pentazocine,
Assay for acetaminophen

33 6 1200

Pentobarbital Sodium—Labeling (add), USP Reference
standards, Other requirements (add)

31 1 73

Pergolide Oral Suspension, Veterinary (new) 34 2 289
Permethrin (new) 32 4 1100
Permethrin Cream (new) 34 1 103
Petrolatum (new)—Harmonization 28 2 569
White Petrolatum (new)—Harmonization 28 2 570
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Phenylephrine Hydrochloride—Assay 34 2 291
Phenytoin Chewable Tablets (new) 29 6 1965
Pilocarpine Hydrochloride Tablets (new) 34 2 291
Piperazine—USP Reference standards (add), Identification,

Primary amines and ammonia (delete), Chromatographic purity (add)
34 1 105

Piperazine Adipate (new) 33 6 1201
Piperazine Citrate—USP Reference standards (add),
Identification, Primary amines and ammonia (delete),
Chromatographic purity (add), Assay

34 1 106

Piperazine Dihydrochloride (new) 33 6 1202
Piperazine Phosphate (new) 33 6 1204
Polyethlene Glycol 3350 and Electrolytes for Oral Solution—
Reference standards, Assay for potassium and sodium

33 6 1205

Polyvinyl Alcohol—Definition, Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Viscosity,
Residue on ignition, Heavy metals (add), Acid value (add),
Water-insoluble substances, Limit of methanol (methyl alcohol)
and methyl acetate (add)

33 6 1206

Potassium and Sodium Bicarbonates and Citric Acid
Effervescent Tablets for Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 440

Potassium Bitartrate—Limit of ammonia 31 3 786
Potassium Bromide Oral Solution, Veterinary (new) 33 5 936
Potassium Citrate Extended-Release Tablets—USP
Reference standards (add), Assay (delayed implementation
to January 1, 2009)

31 2 443

Potassium Citrate and Citric Acid Oral Solution—USP
Reference standards (add), Assay for citrate
(delayed implementation to January 1, 2009)

31 2 444

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Povidone–Iodine—Nitrogen content 33 5 937
Pravastatin Sodium—Chromatographic purity, Assay 34 2 294
Prednisolone Sodium Phosphate—Definition, Free prednisolone (delete),
Related compounds (add), Assay

34 1 108

Primaquine Phosphate—Identification, Assay 33 5 937
Primaquine Phosphate Tablets—Uniformity of dosage units, Assay 33 5 938
Proguanil Hydrochloride (new) 34 2 296
Promethazine Hydrochloride—USP Reference standards,
Related compounds

32 4 1105

Promethazine Hydrochloride Tablets—USP Reference standards,
Related compounds, Assay

32 4 1107

Propofol Injectable Emulsion (new) 33 6 1208
Propoxycaine and Procaine Hydrochloride and Norepinephrine
Bitartrate Injection—Assay for norepinephrine

34 1 110

Pseudoephedrine Hydrochloride—Definition, USP Reference standards,
Ordinary impurities (delete), Chromatographic purity (add),
Assay

34 2 298

Pyrimethamine—Identification, Assay 33 5 939
Raloxifene Hydrochloride (new) 33 4 673
Raloxifene Hydrochloride Tablets (new) 33 4 676
Ramipril—Definition, Assay 31 3 787
Ranitidine Hydrochloride—Chromatograpic purity, Assay 34 2 299
Oral Rehydration Salts—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 5 1399

Reserpine Tablets—Uniformity of dosage units 33 3 453
Ritonavir—Related compounds 33 4 679
Rocuronium Bromide (new) 34 3 648
Salsalate Tablets—Assay 33 6 1211
Saquinavir Mesylate—Heavy metals 33 5 940
Sevoflurane (new) 33 5 940
Simethicone Capsules—Disintegration, Defoaming activity (delete) 33 5 948
Simethicone Emulsion—Assay 34 3 652
Simethicone Oral Suspension—Defoaming activity (delete) 33 5 948
Simethicone Tablets—Disintegration, Defoaming activity (delete) 34 3 652
Simvastatin—Definition, Chromatographic purity 33 5 948
Sodium Bromide Injection, Veterinary (new) 33 5 949
Sodium Bromide Oral Solution, Veterinary (new) 33 5 950
Sodium Chloride—Identification, Loss on drying,
Limit of potassium (postponed indefinitely)

32 2 264
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Sodium Fluoride—Assay 34 3 653
Stavudine—Specific rotation 34 3 653
Sucralfate—Identification 33 2 254
Silver Sulfadiazine—Silver content 33 5 951
Sulfadimethoxine Sodium—Loss on drying 33 2 254
Sulfadoxine—Identification, Assay 34 2 300
Sulfadoxine and Pyrimethamine Tablets—Assay 34 2 301
Sulfamethazine Granulated—Assay 31 3 797
Sulfamethoxazole—Packaging and storage 33 3 455
Sulfasalazine—Identification 34 3 653
Sulfazalazine Tablets—Identification 34 3 653
Sulisobenzone—Definition, Identification,
Water (add), Assay

33 3 456

Sumatriptan Succinate (new) 33 3 456
Tamsulosin Hydrochloride (new) 33 6 1211
Tazobactam—Identification, Specific rotation,
Related compounds, Organic volatile
impurities (delete), Assay

34 2 302

Terbinafine Hydrochloride (new) 33 3 459
Terbutaline Sulfate Inhalation Aerosol—USP Reference
standards, Assay

31 2 450

Thiabendazole Chewable Tablets (new) 29 6 1991
Thioguanine—USP Reference standards, Identification,
Limit of guanine

34 2 305

Thioridazine Hydrochloride—Identification 31 3 798
Tiagabine Hydrochloride—Chromatographic purity 34 2 306
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tobramycin Inhalation Solution—Identification (add), Osmolarity,
Chromatographic purity, Other requirements (delete), Assay

34 2 307

Torsemide—Water 33 6 1213
Tramadol Hydrochloride (new) 31 2 458
Tramadol Hydrochloride Tablets (new) 31 2 462
Trandolapril (new) 34 2 310
Travoprost (new) 32 4 1115
Travoprost Ophthalmic Solution (new) 32 4 1118
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Triamterine Capsules—USP Reference standards, Related compounds
(add), Assay

34 3 654

Tricitrates Oral Solution—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 2 465

Triclosan—Residue on ignition (delete),
Completeness of solution (add), Assay

33 4 681

Tryptophan—Chromatographic purity (add),
Limit of tryptophan related compound A (add)

33 6 1214

Tylosin Injection (new) 33 5 952
Ursodiol Capsules—Dissolution 31 3 800
Valganciclovir Hydrochloride (new) 33 1 84
Valganciclovir Tablets (new) 33 1 89
Valproic Acid Injection—Title, Definition 34 2 312
Valsartan—Related compounds 33 3 467
Vancomycin Hydrochloride—Labeling (add), USP Reference standards,
Chromatographic purity, Other requirements (add)

34 1 111

Sterile Vancomycin Hydrochloride—(delete the entire monograph) 34 1 112
Vancomycin Hydrochloride for Injection—Definition,
Chromatographic purity, Assay

34 1 112

Vecuronium Bromide—Related compounds 33 4 682
Verapamil Hydrochloride—Definition 33 5 953
Warfarin Sodium—Chemical information, Identification,
Assay

33 3 468

Warfarin Sodium for Injection—Assay 33 3 469
Warfarin Sodium Tablets—Identification,
Dissolution, Assay

33 3 470

Pure Steam (new) 31 2 467
Water for Hemodialysis—Bacterial endotoxins 31 2 468
Sterile Water for Inhalation—pH (delete), Ammonia (delete),
Calcium (delete), Carbon dioxide (delete), Chloride
(delete), Sulfate (delete), Conductivity (add),
Oxidizable substances

31 3 802

Sterile Water for Injection—Oxidizable substances 31 3 803
Sterile Water for Irrigation—Oxidizable substances 31 3 804
Sterile Purified Water—Oxidizable substances 31 3 804
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Zidovudine—Assay 34 3 656
Zidovudine Capsules—Related compounds, Assay 34 3 657
Zidovudine Injection—Related compounds, Assay 34 3 658

Dietary Supplements Monographs
Acesulfame Potassium—Packaging and storage (add),
Limit of fluoride

31 3 811

Powdered Bilberry Extract (new) 33 4 685
Calcium Citrate Tablets (new) 34 2 312
Cat’s Claw (new) 32 4 1120
Powdered Cat’s Claw (new) 32 4 1124
Powdered Cat’s Claw Extract (new) 32 4 1124
Cat’s Claw Capsules (new) 32 4 1126
Cat’s Claw Tablets (new) 32 4 1127
Chamomile—Definition, Identification, Microbial enumeration,
Absence of specified microorganisms (add), Volatile oil content,
Content of apigenin-7-glucoside, Content of bisabolan derivatives

33 4 688

Curcuminoids (new) 33 6 1215
Curcuminoids Capsules (new) 33 6 1217
Curcuminoids Tablets (new) 33 6 1218
Fish Oil Containing Omega-3 Acids (new) 33 3 471
Fish Oil Containing Omega-3 Acids Capsules (new) 33 3 477
Ginger—Definition, Packaging and storage,
Botanic characteristics

33 3 478

Powdered Ginger—Packaging and storage,
Botanic characteristics

33 3 479

Asian Ginseng Capsules (new) 30 2 571
Glucosamine Hydrochloride—Specific rotation, Assay 33 4 691
Glucosamine Sulfate Potassium Chloride—Identification, Specific
rotation, Residue on ignition, Assay

33 4 692

Glucosamine Sulfate Sodium Chloride—Identification, Specific rotation,
Residue on ignition, Assay

33 4 692

Grape Seeds Oligomeric Proanthocyanidins (new) 34 3 659
Powdered Decaffeinated Green Tea Extract (new) 33 6 1220
Lutein—Residue on ignition, Zeaxanthin and
other related compounds, Content of lutein

33 2 255

Lutein Preparation—Definition, Water, Residue on
ignition, Heavy metals, Zeaxanthin and other related
compounds, Content of lutein

33 2 255

Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Maritime Pine—Identification, Content of procyanidins 32 4 1140
Maritime Pine Extract—Identification, microbial enumeration,
Content of procyanidins

32 4 1142

Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Omega-3 Acid Triglycerides (new) 34 3 662
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Potassium Citrate Tablets (new) 34 2 313
Sodium Benzoate—USP Reference standards (add),
Identification

31 3 818

Powdered Soy Isoflavones Extract (new) 33 6 1224
Soy Isoflavones Capsules (new) 33 6 1227
Soy Isoflavones Tablets (new) 33 6 1228
Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Xanthan Gum—Assay 31 3 821
Zinc Citrate (new) 34 2 315
Zinc Citrate Tablets (new) 34 2 316
Zinc and Vitamin C Lozenges (new) 34 2 317
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USP General Test Chapters
h1i Injections—Labels and Labeling 33 3 494
h11i USP Reference Standards— 29

30
31
31
31
31
32
32
32
33
33
33
33
33
33
34
34
34

6
5
2
4
5
6
1
2
4
1
2
3
4
5
6
1
2
3

2022
1674
507
1154
1433
1680
181
407
1161
95
267
497
716
981
1256
142
332
680

h41i Weights and Balances—Introduction, Repeatability (add),
Verification of Accuracy (add), Calibration Check (add)

34 3 682

h55i Biological Indicators—Resistance Performance
Tests—Total Viable Spore Count, D-Value Determination

30 1 212

h85i Bacterial Endotoxins Test—Harmonization 33 3 539
h111i Design and Analysis of Biological Assays (entire chapter revised) 34 3 685
h121i Insulin Assays—Appendix (add) 30 5 1675
h191i Identification Tests—General—Introduction, Acetate, Ammonium 34 2 333
h207i Test for 1,6-Anhydro Derivative for Enoxaparin Sodium (new) 34 1 143
h231i Heavy Metals—Method II 32 1 182
h271i Readily Carbonizable Substances Test 33 6 1258
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h381i Elastomeric Closures for Injections—(entire submission) 30 1 220
h401i Fats and Fixed Oils—Ester Value,
Hydroxyl Value, Iodine Value, Peroxide Value,
Saponification Value, Polyunsaturated Fatty Acids
Determination and Profile (add), Trace Metals (add),
Sterol Composition (add)

34 3 736

h429i Light Diffraction Measure of Particle Size (new)—
Harmonization

31 4 1234

h467i Organic Volatile Impurities—Identification,
Control, and Quantification of Residual Solvents

34 3 747

h467i Residual Solvents—Identification,
Control, and Quantification of Residual Solvents

34 3 752

h503i Acetic Acid in Peptides (new) 33 2 268
h525i Sulfur Dioxide (new) 33 3 498
h601i Aerosols, Nasal Sprays, Metered-Dose Inhalers,
and Dry Powder Inhalers—Harmonization

33 3 550

h616i Bulk Density and Tapped Density—Harmonization 31 3 909
h621i Chromatography—System Suitability, Glossary of Symbols 34 3 757
h643i Total Organic Carbon—Introduction, Apparatus
Requirements, Glassware Preparation, Standard Solution, Test
Solution, Other Control Solutions, System Suitability, Procedure

33 4 720

h645i Water Conductivity—Introduction, Instrument Specifications
and Operating Procedures

33 4 722

h661i Containers—Plastics—Introduction, Polyethylene
Containers, Polypropylene Containers

34 2 335

h671i Containers—Performance Testing—Introduction,
Moisture Permeation, Light Transmission Test

34 2 337

h699i Density of Solids (new)—Harmonization 31 3 912
h701i Disintegration—Apparatus 34 1 155
h729i Globule Size Distribution in Lipid Injectable Emulsions—
Method II—Measurement of Large Globule Content by Light
Obscuration or Extinction Method

34 2 341

h731i Loss on Drying—Introduction 34 3 760
h741i Melting Range or Temperature—Introduction;
Procedure for Class I, Apparatus I;
Procedure for Class I, Apparatus II

33 5 982

h785i Osmolality and Osmolarity—Measurement of Osmolality 34 1 157
h797i Pharmaceutical Compounding—Sterile Preparations—
Environmental Monitoring (add)

32 3 852
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

h811i Powder Fineness—Harmonization 31 1 228
h921i Water Determination—Method I (Titrimetric) 34 3 761
h941i X-Ray Diffraction (new)—Harmonization 31 4 1241

General Information Chapters
h1010i Analytical Data—Interpretation and Treatment—
Prerequisite Laboratory Practices and Principles,
Measurement Principles and Variation, Comparison of
Analytical Methods, Appendixes B, C, D, E, F

34 3 764

h1024i Bovine Serum (new) 34 3 776
h1058i Analytical Instrument Qualification (new) 32 6 1784
h1078i Good Manufacturing Practices for Bulk Pharmaceutical
Excipients (entire chapter revised)

34 2 343

h1082i Genotoxicity Testing (new) 30 1 264
h1087i Apparent Intrinsic Dissolution—Dissolution Testing
Procedures for Rotating Disk and Stationary Disk
(entire chapter revised)

33 2 269

h1116i Microbiological Evaluation of Clean Rooms and
Other Controlled Environments (entire chapter revised)

31 2 524

h1119i Near-Infrared Spectrophotometry (entire chapter revised) 33 4 737
h1121i Nomenclature—General Nomenclature Forms 34 1 159
h1125i Nucleic Acid-Based Techniques—General (new) 33 5 984
h1126i Nucleic Acid-Based Techniques—Extraction,
Detection, and Sequencing (new)

33 5 990

h1127i Nucleic Acid-Based Techniques—Amplification (new) 33 5 1005
h1129i Nucleic Acid-Based Techniques—Genotyping (new) 33 5 1019
h1130i Nucleic Acid-Based Techniques—Approaches
for Detecting Trace Nucleic Acids (Residual DNA Testing) (new)

33 5 984

h1160i Pharmaceutical Calculations in Prescription
Compounding—Basic Pharmaceutical Calculations

31 3 847

h1195i Significant Change Guide for Bulk Pharmaceutical
Excipients (new)

34 2 375

h1196i Pharmacopeial Harmonization—PDG Working Procedures 33 4 751
h1211i Sterilization and Sterility Assurance of Compendial Articles—
Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation

30 5 1729

h1225i Validation of Compendial Procedures—Validation 34 3 794
h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1251i Weighing on an Analytical Balance (entire chapter revised) 34 3 798
h1237i Virology Test Methods (new) 34 2 391
h1788i Particulate Matter Determination in Parenteral
and Ophthalmic Products (new)

34 2 421

Dietary Supplement Chapters
h2750i Manufacturing Practices for Dietary Supplements—
Organization and Personnel; Grounds, Buildings, and Facilities;
Equipment; Raw Materials, Product Containers, and Closures;
Production and Process Controls; Labeling and Packaging;
Quality Control Operations; Records and Reports; Returned and
Salvaged Products; Glossary

33 5 1035

Reagents, Indicators, and Solutions
Reagent Specifications—Introduction 33 3 503
Acetic Acid 33 6 1259
Acetylactone 34 3 808
Alcohol 34 2 442
Alcohol, Denatured (new) 34 3 808
8-Amino-6-methoxyquinoline (new) 34 1 162
p-Aminophenol 34 2 442
a-Amylase 34 1 162
Barium Chloride 34 2 442
Beclomethasone (new) 34 3 808
Bismuth Subnitrate (new) 34 1 162
1-Butanesulfonic Acid Sodium Salt (new) 33 4 766
Butyrophenone (new) 33 4 766
Calcium Chloride 34 3 808
Activated Charcoal 33 6 1259
Cetyltrimethylammonium Bromide (new) 33 4 766
Chloramine T 34 2 442
a-Cyclodextrin (new) 33 2 276
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Title and Proposal Vol. No. Page(s)

Diatomaceous Earth (new) 34 3 809
Diethylamine Phosphate (new) 33 4 766
Diethylene Glycol 33 6 1259
2,7-Dihydroxynaphthalene (new) 34 3 809
Dimethyltin Dibromide (new) 34 2 442
4’4-Dipyridyl Dihydrochloride 33 5 1047
Docusate Sodium (delete) 33 3 504
Ethylene Oxide in Methylene Chloride (50 mg/mL) (new) 31 3 859
Ethylenediamine (new) 34 2 442
Ferric Chloride 34 2 443
Ferrous Sulfate 33 6 1260
Fuchsin, Basic 33 4 766
n-Heptane, Chromatographic 33 4 767
Hexadecyltrimethylammonium Bromide (new) 33 4 767
Hexylamine (new) 33 6 1260
Hydrogen Peroxide, 30 Percent 34 2 443
Hydrogen Peroxide, 30 Percent, Unstabilized (new) 34 3 809
Hydrogen Peroxide, 50 Percent in Water (new) 34 3 809
Lead Acetate 34 2 443
Maltotriose (new) 34 3 809
7-Methoxycoumarin (new) 34 2 443
2-Methylpentane (new) 33 5 1047
Morin (new) 34 2 443
Naphthalene 33 6 1260
4-(p-Nitrobenzyl)pyridine 33 6 1260
1-Octanol (new) 32 6 1804
Octanesulfonic Acid Sodium Salt (new) 33 4 767
Phloxine B (new) 33 6 1260
Phosphatase Enzyme, Alkaline 34 3 809
Pullulanase (new) 33 5 1047
Anion-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Cation-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Salicylaldehyde 33 6 1260
Silver Nitrate 34 3 810
Sodium Cholate Hydrate (new) 34 3 810
Sodium Phosphate, Dibasic, Dihydrate 33 1 101
Sodium Phosphate, Monobasic, Anhydrous (new) 33 2 276
Sodium Phosphate, Monobasic, Dihydrate (new) 33 2 276
Sodium Phosphite Pentahydate (new) 34 1 162
Sorbitol (new) 34 3 810
Tetrabutylammonium Hydroxide 30-Hydrate (new) 34 3 810
Tetrabutylammonium Hydroxide, 40 Percent in Water (delete) 34 3 810
2,3,7,8-Tetrachlorodibenzo-p-dioxin, 13C-labeled 34 3 810
2,3,7,8-Tetrachlorodibenzofuran, 13C-labeled 34 3 811
Tetrahexylammonium Hydrogen Sulfate (new) 34 1 162
Tetrahydro-2-furancarboxylic Acid 33 6 1261
Tetrapropylammonium Chloride (new) 33 2 276
Thrombin Human (new) 29 6 2055
Triethylamine Phosphate (new) 33 6 1261
Triethylenediamine (new) 34 2 443
Trimethyltin Bromide (new) 34 2 444

Test Solutions
Acetic Acid, Glacial, TS 34 3 811
Alcoholic TS (new) 34 3 811
Alkaline Cupric Citrate TS 2 (new) 34 2 444
Ammonia TS 2 (new) 34 2 444
Cupric Citrate TS 2, Alkaline (new) 33 4 768
Iodine and Potassium Iodide TS 3 (new) 34 2 444
Lanthanum Nitrate TS (new) 34 2 444
Methyl Red TS 2 (new) 34 2 445
Potasssium Pyroantimonate TS 34 3 812
Sodium Hydroxide TS 2 (new) 33 4 768

Volumetric Solutions
Bismuth Nitrate, 0.01 mol/L 34 1 163
Iodine, Twentieth-Normal (0.05 N) 33 5 1050
Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Methanol 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Toluene 33 4 769
Potassium Iodate, Twentieth-Molar (0.05 M) (new) 34 3 813
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Sodium Tetraphenylboron, Fiftieth-Molar (0.02 M) 34 2 447

Chromatographic Reagents
Chromatographic Reagents (new) 33 6 1261

Reference Tables
Container Specifications for Capsules and Tablets 34 3 815
Description and Solubility 29 1 266

31 2 591
31 4 1193
32 1 188
32 2 662
33 1 110
33 2 285
33 3 507
33 4 775
33 5 1053
33 6 1270
34 1 166
34 2 450
34 3 817

Excipients
USP and NF Excipients, Listed by Category 34 3 664

NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete),
Storage under Nonspecific Conditions (delete),
Other General Notices (delete)

34 1 119

NF Monographs
Acetone—USP Reference standards (add), Water, Assay 34 1 120
Agar—CAS number (add), Definition, Botanic characteristics,
Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

rAlbumin Human (new) 34 1 121
Alfadex—USP Reference standards, Identification, Heavy metals,
Reducing sugars, Related compounds, Assay

34 1 126

Alpha-Lactalbumin (new) 34 3 670
Amino Methacrylate Copolymer—Definition, Packaging and storage,
Viscosity, Limit of monomers

34 2 326

Betadex—Structure (add), Packaging and storage, USP Reference
standards, Identification, Microbial limits, pH, Heavy metals,
Reducing substances, Light-absorbing impurities (add),
Related compounds (add), Assay

34 1 127

Butylated Hydroxytoluene—USP Reference standards (add),
Identification, Related compounds (add)

34 1 130

Carbomer 934—Title, Definition, Packaging and storage, Viscosity 34 1 131
Carbomer 934P—Title, Definition, Packaging and storage, Viscosity 34 1 132
Carbomer 940—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer 941—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer Copolymer—Definition, Labeling, Viscosity, Limit of
benzene, Limit of acrylic acid

34 1 134

Carbomer Homopolymer—Title, Definition, Labeling, Viscosity,
Residue on ignition, Limit of benzene, Limit of arylic acid

34 1 136

Carbomer Interpolymer—Definition, Labeling, Viscosity, Limit of benzene,
Limit of acrylic acid

34 1 138

Carmellose (new)—Harmonization 33 3 537
Hydrogenated Coconut Oil (new) 34 2 327
Copovidone—Harmonization 32 6 1843
Corn Syrup (new) 33 6 1240
High Fructose Corn Syrup—Total solids, Assay 34 2 329
Crospovidone—Harmonization 28 4 1257
Dehydroacetic Acid (reinstated with changes) 33 4 703
Egg Phospholipids (new) 33 4 703
Erythorbic Acid (new) 33 6 1246
Ethyl Acrylate and Methyl Methacrylate
Coplymer Dispersion—Identification

33 6 1247

Gamma Cyclodextrin (new) 33 4 707
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Liquid Glucose—CAS number (add), Packaging and storage,
Labeling (add), Reference standards (add), Identification,
Assay for reducing sugars (dextrose equivalent) (add)

33 6 1248

Glyceryl Monooleate—Chemical name, Reference standards,
Identification, Saponification value

33 6 1248

Hydrogenated Palm Oil (new) 34 2 330
Hydrogenated Polydecene (new) 33 3 485
Hydroxyethyl Cellulose (new)—Harmonization 30 2 709
Low-Substituted Hydroxypropyl Cellulose—
Harmonization

30 1 338

Inositol (new) 33 4 711
Anhydrous Lactose—Harmonization 32 6 1847
Lecithin—CAS number (add), Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Acid value,
Peroxide value (add), Hexane-insoluble matter, Lead,
Heavy metals, Content of acetone-insoluble matter

33 6 1249

Magnesium Stearate—Harmonization 30 1 340
Methylacrylic Acid Copolymer—Definition, Packaging and storage,
Labeling, Viscosity, Heavy metals, Limit of monomers

33 6 1251

Methylacrylic Acid Copolymer Dispersion—Packaging and storage,
Viscosity, Limit of monomers, Coagulum content

33 6 1254

Methyl Alcohol—USP Reference standards (add), Identification,
Assay

34 1 139

Light Mineral Oil —Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add),
Viscosity, Neutrality, Acidity, Readily carbonizable substances,
Limit of polycyclic aromatic hydrocarbons, Limit of sulfur compounds,
Solid paraffin

33 5 972

Nitrogen—Definition, Packaging and storage, Assay 31 4 1145
Nitrogen 97 Percent—Definition, Packaging and storage, Assay 31 4 1146
Paraffin—CAS number (add), Definition,
Labeling (add), USP Reference standards (add),
Identification, Reaction (delete), Acidity (add),
Alkalinity (add), Readily carbonizable substances, Limit of polycyclic
aromatic hydrocarbons (add), Limit of sulfur compounds (add)

33 5 972

Poloxamer—Packaging and storage; USP Reference standards (add);
Identification (add); Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polyethylene Glycol—Harmonization 31 3 897
Polypropylene Glycol Monolaurate—USP Reference standards,
Identification

34 1 140

Polyvinyl Acetate (new) 32 2 400
Propylene Glycol (new)—Harmonization 33 2 317
Propylene Glycol Monocaprylate (new) 33 2 261
Propylene Glycol Dicaprylate/Dicaprate (new) 33 5 974
Propylene Glycol Monolaurate—USP Reference standards, Identification 34 1 140
Pullulan (new) 33 5 975
Hydrophobic Colloidal Silica (new) 33 5 976
Silicon Dioxide (new)—Harmonization 31 4 1229
Colloidal Silicon Dioxide (new)—Harmonization 31 4 1233
Sodium Caprylate—Appearance of solution 33 3 493
Rice Starch (new)—Harmonization 30 2 721
Sucralose—Related compounds 33 6 1255
Sucrose—Harmonization 31 3 902
Stannous Chloride (new) 33 5 978
Tagatose (new) 30 5 1672
Tetrafluoroethane (new) 31 6 1672
Trehalose (new) 34 3 677
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Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 34(1)–PF 34(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
Acetazolamide Oral Solution (entire submission) 32 1 43
Baclofen Oral Solution (entire submission) 32 1 49
Cefaclor Tablets—Title 32 2 314
Diclofenac Sodium Extended-Release Tablets—Drug release

(add)
30 2 476

Estradiol Transdermal System—Drug release (add) 31 4 1063
Isosorbide Mononitrate Extended-Release Tablets—
Dissolution (add)

31 4 1082

Isosorbide Mononitrate Tablets—Dissolution (add) 29 5 1513
Labetalol Hydrochloride Oral Solution (entire submission) 32 1 116
Meclizine Hydrochloride Tablets—Assay 33 2 245
{Methylphenidate Hydrochloride Tablets—USP Reference
standards, Assay

33 2 246

Ofloxacin Tablets—Dissolution (add) 32 6 1737
Oxytocin Injection—Definition 32 6 1750
Piperacillin and Tazobactam Injection (entire submission) 31 2 437
Piperacillin and Tazobactam for Injection (entire submission) 31 2 439
Protein A (entire submission)* 33 3 442
rProtein A, C-CYS (entire submission)* 33 3 444
rProtein A (entire submission)* 33 3 446
rProtein A, B4-C-CYS (entire submission)* 33 3 452
Pseudoephedrine Hydrochloride—Ordinary impurities 34 1 110
Synthetic Conjugated Estrogens (entire submission) 31 6 1620
Tazobactam—Specific rotation, Related compounds, Assay
(add)

31 4 1116

Terbinafine Hydrochloride—Identification test B
(add)

33 3 459

Valproic Acid Injection—Title change (to become official
October 1, 2008)

32 2 387

Dietary Supplements Monographs
Ademetionine Disulfate Tosylate—Related compounds,
Content of tosylate (add)

31 2 469

USP General Test Chapters
h1i Injections—Packaging 33 3 494
h11i USP Reference Standards

{USP 2-(Dimethylamino-methyl)-1-cyclohexanone
Hydrochloride RS (new)

31 2 507

{USP Estradiol Related Compound A RS (new) 31 6 1680
{h525i Sulfur Dioxide—Method I, Method II (add) 33 3 498

USP General Information Chapters
h1251i Weighing on an Analytical Balance (entire submission) 33 4 756

Excipients
{Hydrogenated Starch Hydrolysate 33 3 480

NF Monographs
Strawberry Syrup (entire submission) 32 1 179
{Hydrogenated Starch Hydrolysate (entire submission) 33 3 488

{New cancellations in PF 34(4).
* Four protein A ancillary materials monographs, Protein A; rProtein A, C-CYS; rProtein A; and rProtein A, B4-C-CYS were proposed in PF
33(3). Since ancillary materials are not medicinal products, USP has decided to incorporate information on these types of materials in General
Chapters rather than monographs. General Chapter <130> Protein A Quality Attributes combines the information on the four protein A materi-
als as proposed in PF 33(3).
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HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG). The PDG

consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The

process of harmonization is composed of several steps (Stages).

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each item.

The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be carried out retro-

spectively for existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of a

Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation data

where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature, experts, and

staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating pharma-

copeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as OFFI-

CIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and submits the

consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized Stage 5A

draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a

CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating

pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure. Adopted

items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular region.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an Expert Com-

mittee publishes an article on which they are specifically seeking comment, this will be clearly stated in the article. Readers may

submit comments on issues raised in this section, but comment is not as critical as that for the In-Process Revision and Pharma-

copeial Previews sections. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other commen-

taries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum

under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that they have not been

published previously in any language or medium and that they are not simultaneously under consideration by any other publica-

tion.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and if ac-

cepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of the USP Con-

vention (USPC) and may not be subsequently published elsewhere without written permission from the USPC. Authors are also

responsible for obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage (numbers, abbreviations,
etc.). For the latter, authors should use the current AMAManual of Style or the current ACS Style Guide. Authors may usefully consult a current
copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of Medicine’s

Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer examples of reference

formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding author.

This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the Scientific Liaison if they

would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the electronic file.

Submit the text in Microsoft1 Word or another current word-processing application. The preferred format for graphics submitted

electronically is tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for publication should be

addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852

STIMULI TO THE REVISION PROCESS
Pharmacopeial Forum Stimuli articles do not necessarily reflect the policies
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The Inhalation Ad Hoc Advisory Panel for the USP Performance Tests of Inhalation Dosage Forms

ABSTRACT The US Pharmacopeia (USP) contains standards for tests, procedures, and acceptance criteria for inhalation dosage
forms that are administered orally and intranasally. Product quality and performance tests are concerned primarily with the
assessment of drug delivery and deposition in the respiratory tract. This Stimuli article evaluates the scientific rationale, if any,
for in vitro dissolution tests for inhalation dosage forms. Studies that determine the profiles and kinetics of dissolution for inhaled
therapeutics have been performed, but a literature review could not find compelling evidence suggesting that such dissolution
testing is kinetically and/or clinically crucial for currently approved inhalation drug products. Even so, because of the possible
development of novel inhalation products with modified or controlled dissolution and release, a USP standard for assessing
dissolution of inhalation dosage forms may be considered in the future if scientifically warranted.

INTRODUCTION

This Stimuli article provides information about ongoing ac-
tivities relevant to USP performance tests for inhalation
dosage forms. The activities are proceeding in the Advisory
Panels originally formed in connection with the Council of
Experts Biopharmaceutics Expert Committee and the Aero-
sols Expert Committee during the 2006–2007 period. This
Stimuli article represents a consensus of the Inhalation Ad
Hoc Advisory Panel of the 2005–2010 cycle for USP perfor-
mance tests for inhalation dosage forms.

BACKGROUND

Inhalation dosage forms are quite common and are well ac-
cepted in the treatment of local nasal and lung diseases such as
allergic rhinitis and asthma. Moreover, following the 2006 ap-
proval of inhalable insulin by the Food and Drug Administra-
tion (FDA), the pulmonary route is receiving considerable
attention as a portal for the delivery of macromolecular pro-
teins and peptides to the systemic circulation. Generally,
dosage forms can be categorized based on the region of the
body to which the active pharmaceutical ingredient (API) is

first delivered by the dosage forms (1). In this context, the lung
and nose are assigned for inhalation dosage forms as the first
tier, as shown in Figure 1. The second tier is a grouping of the
formulations based on physical forms such as gases, liquids,
and solids. These include medical gas, liquid and powder nasal
sprays, and aerosols from nebulizers, metered-dose inhalers
(MDIs), and dry powder inhalers (DPIs). Finally, the type of
the API dissolution or release from the formulation constitutes
the third tier, yet only concerning certain products delivering
and/or depositing the APIs in semi-solid and solid forms. Reg-
ulatory and compendial test procedures for inhalation dosage
forms have been developed to ensure products’ optimal qual-
ity and performance. The numerous quality control tests ap-
plied to inhaled dosage forms appear—at least at the present
time—to characterize adequately the products’ in vivo or clin-
ical performance. These are described below and are published
in the Physical Tests and Determinations section of the Gen-
eral Chapters in USP, particularly in Aerosols, Nasal Sprays,
Metered-Dose Inhalers, and Dry Powder Inhalers h601i and
Uniformity of Dosage Units h905i (2).

* Correspondence should be addressed to: Kahkashan Zaidi, PhD, Senior
Scientist, Documentary Standards Development, US Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8269;
kxz@usp.org.
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Figure 1. Categories and Tiers of Inhalation Dosage Forms.

Product Quality Tests. Product quality tests are intended to
assess attributes such as identification, dose content unifor-
mity, pH, minimum fill, alcohol content, water content, leach-
ables, impurities, and microbial limits to verify the quality of
product attributes that could affect drug product performance
with respect to lung or nasal delivery and deposition.

Product Performance Tests. Product performance tests are
designed to assess inhalation products, primarily with respect
to lung or nasal delivery and deposition. Such tests include de-
livered dose, aerodynamic particle size distribution, droplet
size, plume geometry, and spray pattern. Currently developed
performance tests do not include the assessment of drug dis-
solution and/or release following delivery and deposition,
which may potentially (as is the case with many solid oral do-
sage forms) affect the clinical performance of drug products.

BIOPHARMACEUTICAL CONSIDERATION:
DISSOLUTION

Dissolution testing is a well-established aspect of oral
dosage form product performance testing, especially for solid
oral dosage forms, because APIs for these drug products must
be dissolved to permit absorption and thus therapeutic action.
Some early work with digitalis alkaloids, chloramphenicol,
tetracyclines, phenylbutazone, and prednisone alerted manu-
facturers and regulatory agencies about the need to use disso-
lution testing to ensure proper in vivo performance of these
and other products and has led to the requirement for dissolu-
tion testing of other products in USP (3–10). This early work
provided clear evidence that dissolution of certain products
was critically linked to in vivo performance. In vitro dissolu-
tion tests for solid oral dosage forms are often used to guide
formulation and product development as well as to ensure
quality control during product manufacture, for example, in
establishing in vitro–in vivo correlations between innovator
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and generic products and/or demonstrating equivalence after
certain changes in drug product formulation and manufactur-
ing (11).

Moreover, as manufacturers began to manipulate drug re-
lease via modified or controlled release mechanisms they have
sought to achieve additional therapeutic benefits, e.g., less fre-
quent dosing, prolonged duration of action, and/or reduced in-
cidences of adverse effects. Dissolution testing has been
crucial in helping formulators characterize the dissolution pro-
files of modified-release solid oral dosage forms and also has
become a key regulatory tool. Several USP General Chapters
have played a central role in these developments, including
Dissolution h711i, Drug Release h724i, In Vitro and In Vivo
Evaluation of Dosage Forms h1088i, and, most recently,
The Dissolution Procedure: Development and Validation
h1092i (2).

For inhalation drug products, the first and most critical step
in clinical performance involves the delivery of the API from
the container or package and its deposition in the nose or lung.
If the particles are too large or too small they will not reach or
be deposited within the appropriate target organs. Because of
this limitation for most conventional inhaler products (e.g.,
MDIs and DPIs), only a minor portion of the drug emitted
from a unit-dose dispenser can be deposited within the target
organ. This may be a primary reason that the current USP test
procedures for inhalation products have not addressed product
performance and instead typically have focused on delivered
dose and aerodynamic particle size distribution. Nevertheless,
before they can be available for absorption and therapeutic ac-
tions, particles of inhaled therapeutics must be dissolved in a
limited volume of the fluids that line the respiratory tracts. In-
deed, two of the most popular inhalation dosage forms are
MDIs and DPIs that target the lung, and both are likely to de-
liver APIs onto the lung surface in a solid or semi-solid form,
thereby requiring dissolution prior to lung uptake or absorp-
tion. Evidence has suggested that mean absorption times of
different small molecular weight solutes may range from a
few minutes to hours (4). This hypothetically suggests that
for some drugs in certain inhalation dosage forms the kinetics
of dissolution is crucial because it determines the rate of ab-
sorption and thus therapeutic activity. In theory, dissolution ki-
netics can be manipulated and engineered, even for small
particles generated from inhalation dosage forms, if formula-
tors change solubility, specific surface area, particle shape, sur-
face structure, crystal habit, or other factors. Formulators also
have access to novel formulation techniques including lipo-
somes, polymeric micelles, and microspheres (12).

A counterargument suggests that inhaled particles are so
small that their dissolution rate may be rapid because of their
large surface area to weight ratios. Because the dissolution
conditions for inhaled particles and aerosols are not known
with certainty even though they may affect drug actions on
lung and other tissues, as well as drug disposition (i.e., absorp-
tion), the Inhalation Ad Hoc Advisory Panel was called upon
to assess the importance or necessity of dissolution test proce-
dures for inhalation dosage forms as a possible performance
test. At this point the Inhalation Advisory Panel does not offi-
cially advocate a dissolution performance test.

THEORY OF DISSOLUTION

Dissolution is defined as the process by which a solid enters
a solvent in solution, and the process can be kinetically con-
trolled by the affinity between the solid and solvent (i.e., inter-
facial solid-to-liquid reaction) and/or diffusion of the
dissolved solid from the solid surface across the aqueous dif-
fusion boundary layer. Accordingly, phase transfer kinetics is
generally described by a mass transfer–based equation or more
commonly by the Noyes–Whitney equation:

dM/dt = kS � (Cs – Cb) [1]

dM/dt = DS/h � (Cs – Cb) [2]

where dM/dt is the dissolution rate, k is the mass transfer coef-
ficient, S is the surface area of dissolution, Cs is the solubility
in the bulk phase, Cb is the concentration of dissolved solid in
bulk phase at time t, D is the diffusion coefficient, and h is the
thickness of the aqueous diffusion boundary (or stagnant or
unstirred) layer. The dissolution rate of drug particles is deter-
mined by the rate at which solvent–solid forces of attraction
overcome the cohesive forces present in the solid. The rate
at which a substance dissolves in a liquid to form a solution
is governed by physical parameters such as surface area of
the substance at a given time during the process of dissolution,
the shape of the substance, the characteristics of the solid–liq-
uid interface, and the solubility of the substance in liquid.
Hence, dissolution is a specific heterogeneous reaction that re-
sults in a mass transfer as a net effect between the escape and
deposition of solute molecules at a solid surface.

Dissolution assumes a stagnant or unstirred layer of solvent
is present at the solid–liquid interface. The mass transport or
diffusion of solute through the unstirred layer is accomplished
by simple molecular diffusion in a steady-state fashion follow-
ing Fick’s law of diffusion. Once the drug has passed the stag-
nant layer the solute is then mixed quickly by convection and
diffusion in the bulk of the liquid. The Noyes–Whitney equa-
tion derived from the diffusion layer theory can be used to ex-
plain the different variables that can affect the rates of
dissolution in solids. This dissolution process is most fre-
quently described in the form of a dissolution profile of a solid
oral dosage form obtained by use of a dissolution testing sys-
tem (see h711i). For oral dosage forms a dissolution test may
be predictive of systemic bioavailability in certain cases. Be-
cause systemic bioavailability may be clinically important,
dissolution may be a meaningful performance test.

Dissolution Test Procedures for Inhalation Dosage Forms:
Challenges and Concerns

Ideally, a dissolution test procedure for inhaled drug parti-
cles—if such a procedure were necessary—would assess or
predict the dissolution profiles or kinetics of the fluids that line
the respiratory tracts upon which drugs are deposited during
aerosolized delivery. Such procedure(s) should be well de-
signed and validated to ensure that they can identify the
equivalence of or differences between the dissolution perfor-
mance of dosage forms and products. However, several ex-
perimental difficulties exist: e.g., dissolution procedures
preferably would attempt to sample delivered particles that
reach the respiratory tracts—not the entire formulations. This
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would likely require collection of the API fraction before the
performance of the dissolution test. Moreover, although the
composition of the fluids that line the respiratory tracts is
not certain, their volume is approximately 10–20 mL/�100
m2 of surface, which implies that the system is stagnant rather
than well stirred (13–14). Because of these physiological data
the Inhalation Ad Hoc Advisory Panel conducted a literature
search in PubMed and EMBASE from 1970 to 2008 in an at-
tempt to identify dissolution procedures and other information
that could assist in the development of dissolution procedures
for inhalation dosage forms.

Possible Adaptive Approach Based on
Existing USP Procedures

The literature review of dissolution procedures for inhala-
tion dosage forms began with existing USP procedures in or-
der to assess the possibility of adapting existing General
Chapters for inhalation dosage forms. Essentially, many inha-
lation products are powders, and therefore a modified flow-
through cell system, USPApparatus 4, may offer opportunities
for adaptation and development. Its general experimental set-
up is described in detail in USP General Chapters h724i and
h711i [USP Apparatus 4 was official in USP 29, which is no
longer official; Apparatus 4 is not included in h724i in USP
30, which is now official. (See 2 Suppl USP 2005:3578–
3583.)]. The apparatus consists of a reservoir and a pump that
pushes the dissolution media through a flow-through cell. The
media and cell are maintained at 37 8C. The flow-through cell
is mounted vertically with a filter system that prevents escape
of undissolved particles from the top of the cell. A pump
forces the dissolution media at a rate of 2–16 mL/min upward

through the flow–through cell, where particles for dissolution
are placed, usually on the top of a small bed of glass beads.
Several sizes of the standard cell are available, and the whole
system can be provided either in an open- or closed-loop con-
figuration. Standardization for use in a Good Manufacturing
Practices (GMP) environment would need to be ensured.

Taylor et al. tested USP Apparatus 4 and found it useful in
dissolution testing of inhalation dosage forms (15). Ipratro-
pium bromide (IpBr), a short-acting anticholinergic broncho-
dilator with a fair aqueous solubility (>90 mg/mL), was used
as a model drug. By spray drying they prepared crystalline
IpBr in respirable-sized particles (1.5 mm, mean mass aerody-
namic diameter) coated with polylactic acid (PLA) at 1%, 5%,
10%, 15%, 30%, and 50% by weight. Then each of the PLA-
coated IpBr particles was subjected to the 22.6 mm USP Ap-
paratus 4 flow-through cell dissolution system for IpBr disso-
lution and release profile characterization. Dissolution media
was pumped through the flow cell at a rate of 5–16 mL/min.
Figure 2 shows that sustained-dissolution and -release proper-
ties of IpBr increased with increasing level of PLA coating of
IpBr particles. A related pharmacodynamic study in guinea
pigs showed increased duration of bronchodilatory effect in
the lung when 30% PLA-coated IpBr particles were adminis-
tered compared to IpBr alone (56.3 and 11.0 min, respectively)
(15). The adapted USPApparatus 4 could differentiate in vitro
sustained-dissolution or -release properties, which may be of
use in the development of formulations in animal models. In
the study under discussion, however, the dissolution profiles
obtained from this experimental study set-up were obtained
from the entire dosage administered and not simply the respir-
able fraction that entered the site of action.

Figure 2. Dissolution Profile of Various PLA-coated IpBr Particles Determined in the Adapted USPApparatus 4. Reproduced with permission

from (15).
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New Dissolution Approach

Davies and Feddah developed an innovative procedure to
assess dissolution profiles and kinetics of inhaled particles col-
lected from MDIs and DPIs (16). As shown in Figure 3, they
used a custom-designed flow-through system similar to USP
Apparatus 4. It was novel because it used the Andersen Mark
II cascade impactor (USP Apparatus 1 for the assessment of
aerodynamic particle size distribution, h601i). This apparatus
captures drug particles of respirable size only from MDIs and
DPIs and collects them on a glass fiber filter in a manner that
mimics the action of respiratory tract deposition. The device
operates at a flow rate of 60 L/min, which simulates the typical
inspiratory flow rate in humans. Following particle collection,
investigators mounted the glass fiber filter between two 0.45-
mm cellulose acetate membrane filters inside the flow-through
cell, which was then subjected to dissolution testing in the sys-
tem shown in Figure 3. The system consisted of a reservoir
and HPLC pump for the dissolution media, as well as the
flow-through dissolution cell. The media and cell were main-
tained at 37 8C. The cell was mounted vertically, and the pump
delivered the media upwards at 0.7 mL/min. This procedure

included an additional unique feature because the dissolution
medium was simulated lung lining fluid prepared according to
Moss’s measurement (13). Tested drugs and delivery systems
were Flixotide Accuhaler 250 mg fluticasone propionate (Al-
len and Hanburys, Division of Glaxo Wellcome, NSW, Aus-
tralia), Pulmicort Turbuhaler 200 mg budesonide (Astra
Pharmaceuticals, NSW, Australia), and the MDI Azmacort
200 mg, triamcinolone acetonide (Rhône-Poulenc Rorer Phar-
maceuticals Inc., PA, USA), respectively. Their dissolution
profiles were shown to differ substantially between the drugs
as well as by the use of the simulated lung lining fluid—the
addition of spray dried dipalmitoyl-L-�-phosphatidylcholine
(DPPC) increased solubility of these steroids (Figure 4)
(16). The dissolution profiles were more complex than profiles
for drugs whose release is controlled only by their solubility.
Notably, this was the first attempt to characterize in the respir-
able range dissolution profiles of drug particles generated from
commercial inhaler products. The procedure employed a rela-
tively lower flow rate (0.7 mL/min) than that commonly used
in the USP apparatus, which would potentially create more
stagnant conditions in the impactor for dissolution, a situation
similar to that in the fluid lining the respiratory tracts.

Figure 3. New Dissolution Procedure for Respirable Particles. Reprinted from (16) with permission from Elsevier.
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Figure 4. Dissolution profile of triamcinolone acetonide in simulated lung lining fluid and in simulated lung lining fluid modified by 0.02%

DPPC. The vertical bars indicate the standard deviation of 5 determinations. Reprinted from (16) with permission from Elsevier.

PERSPECTIVES AND CONCLUSIONS

In vivo dissolution may be of some importance during the
process of pulmonary drug absorption. For oral aerosol dosage
forms a relationship between in vitro dissolution and some
relevant parameters of bioavailability may be required before
one can predict the bioperformance of aerosols. At this time
two cases may be possible:
1. If particle size and thus surface area are the rate-control-

ling factors for aerosol drug dissolution, manufacturers
may need only control particle size and distribution as
quality and process control steps during manufacturing
and batch release. Such controls may help identify shelf
life provided that a relationship between particle size and
dissolution has been established.

2. In addition to using cascade impactors to characterize
aerosolized drug products, manufacturers may need to
conduct dissolution tests for these drug products. The dis-
solution apparatus could be a flow-through cell that may
be modified from USP Apparatus 4. GMPs would be re-
quired.

Despite the procedures just described for dissolution testing
of inhalation dosage forms, the Inhalation Ad Hoc Advisory
Panel reviewed currently approved inhalation products and
could not find information that suggests dissolution problems
involving fluids that line human respiratory tracts. The Advi-
sory Panel searched several biomedical databases for pub-
lished pharmaceutical data—including batch-to-batch or
product-to-product variation in dissolution that caused vari-
able clinical effects or dissolution rate–determining clinical

pharmacokinetics and therapeutic outcomes—but found no
adverse dissolution-related outcomes. However, absence of
negative outcomes to date cannot predict future findings.

A few quality and performance tests for inhalation dosage
forms are available at present. Current USP standards for as-
sessing the performance of these drugs involve testing for de-
livered dose and aerodynamic particle size distribution but do
not include dissolution testing. This seems to be the case pri-
marily because drug delivery to, and regional deposition with-
in, the respiratory tract far outweigh dissolution in controlling
the effective delivered dose. The Panel’s literature review
could not identify data associated with dissolution of inhaled
therapeutics in terms of pharmacokinetics or clinical perfor-
mance. Therefore, USP at this point may not need to be con-
cerned about standards for dissolution of inhalation dosage
forms, and the importance of dissolution testing may rather
be a future consideration if a procedure is developed in indus-
try and then becomes a regulatory concern. Experiments could
examine similar inhalation dosage form products with similar
particle size distributions to evaluate whether a dissolution test
can identify differences in formulation variables. In such
cases, dissolution tests could be performed on finished bulk
powders as a formulation selection or quality control test
(12), or more complex methodologies could be adapted to
evaluate the dissolution of the delivered dose (15). Careful
and thorough examinations and validation in the selection of
apparatus, media, and sample preparation must be made, espe-
cially if one seeks to establish or disprove in vitro–in vivo cor-
relations.
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The Inhalation Ad Hoc advisory panel concluded that based
on available information and data, the performance test for in-
halation dosage form should include 1) uniformity of dose de-
livered and 2) aerodynamic particle size distribution.
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Use of Scanning Electron Microscopy in the Authentication of Botanicals

Vaishali C. Joshi,*Ikhlas A. Khan,*xand Maged H.M. Sharaf{z

ABSTRACT This article provides an overview of scanning electron microscopy and its applications in the identification and
authentication of botanicals. The USP Dietary Supplements—Botanicals Expert Committee plans to include scanning electron
microscopy as an additional tool in addition to those currently included in USP General Chapter Identification of Articles of
Botanical Origin h563i (1). The objectives of this Stimuli article are to initiate discussion, to solicit public comments, and to
invite the participation of interested parties in the efforts of the Expert Committee.

INTRODUCTION

Microscopy plays a vital role in the authentication and qual-
ity control of botanical articles. By the turn of the 20th century,
light microscopy became the primary means of identification
of pharmacopeial articles of botanical origin, contributing to
one of the greatest improvements in the quality control of bo-
tanicals (2). The analyst identifies plant material by comparing
the salient microscopic features of a test sample to voucher or
authenticated specimens and to descriptions and drawings
found in various compendia.

The first commercially available scanning electron micro-
scope (SEM) was introduced in 1965 (3). Unlike the conven-
tional optical light microscope, which uses a series of glass
lenses to bend the light and create a magnified image, SEM
creates a magnified image using electrons instead of light
and yields both topographic images and elemental information
when used in conjunction with energy-dispersive X-ray analy-
sis or wavelength-dispersive X-ray spectrometry. SEM is use-
ful for characterizing the size and morphology of microscopic
specimens. Typically, SEM analysis requires a small amount
(10–10 to 10–12 g) of a solid specimen that is coated with a con-
ductive substance such as a metal if it is not itself conductive.
The sample is placed in an evacuated chamber and is scanned
in a controlled raster pattern by an electron beam. Interaction
of the electron beam with the specimen produces a variety of
physical phenomena that, when detected, are used to form
images and provide elemental information about the speci-
men. Additional details covering SEM as applied to pharma-

copeial articles in general can be found in the USP General
Information Chapter Scanning Electron Microscopy h1181i
(4).

SEM produces a higher resolution compared to that possi-
ble using a light microscope, and the images obtained are
three-dimensional. The maximum resolution for SEM (mini-
mum distance by which the two objects can be separated
and observed as distinct objects) is 10–20 nanometers com-
pared to 200–300 nanometers for light microscopy (5). SEM
has the advantage of providing images with large depth of
field, which allows a substantial portion of the sample to be
in focus at one time (Figure 1). SEM allows the analysis of
specimens as large as 50 mm, making it possible to produce
SEM electron micrographs of an object that is clearly visible
to the naked eye (6). Modern compound light microscopes,
under optimal conditions, can magnify an object by as much
as �1000 to �2000. Typical SEM magnification ranges from
�10 to �300,000. Commercial SEM instruments also are
available with magnifications as low as �5 and as high as �
2,000,000. At low magnification SEM often is more useful
than light microscopy. In general, SEM not only produces
images that are analogous to those from an optical microscope,
but it also can produce images whose contrast is based on
compositional variations of specimens. However, SEM is
much more expensive when compared to the light microscope.
Although SEM typically yields black and white images, re-
searchers have attempted to use low-vacuum SEM to insulate
specimens without a metal coating in order to preserve the col-
or information on their surfaces (7).
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Figure 1. Surface view of Ephedra spp. pollen grain (A); oxalate crystal inOpuntia ficus-indica (L.) P. Mill. (B). Procedure: Ephedra pollens and

Opuntia ficus-indica (L.) P. Mill. samples were freeze dried for 48 h. The freeze-dried samples were sputter coated with gold using a Hummer 6.2

Sputter Coater, examined and photographed using a JEOL JSM-5600 SEM at an accelerated voltage of 10–12 kV.

The combination of higher magnification, larger depth of
focus, greater resolution, and ease of sample observation
makes SEM a useful instrument for contemporary research.
All operations can be performed using a personal computer,
and most adjustments are automated.

USE OF SCANNING ELECTRON MICROSCOPY IN
BOTANICAL AUTHENTICATION

Botanicals require both authentication and identification.
Authentication is arriving at a final answer regarding the cor-
rect identity of the source plant for a botanical product.
Authentication requires positive identification of the plant
and its derived products, along with detection of contaminants
and adulterants. Botanicals in commerce often are presented as
powders or pieces, making authentication by cross-sectioning
of the article difficult if not impossible. Structures that are re-
sistant to these processes are useful in identification. Struc-
tures such as the xylem vessels and tracheids may be broken
into smaller portions, making detection of pitting and lignifi-
cation on the walls difficult if not impossible using the light
microscope. SEM has been used extensively to investigate
the surface topology of a wide variety of plant materials.
SEM can play a vital role in authentication of entire botanicals
and those in powder form; it can distinguish between closely
related species; and it finds applications in the examination of
powder mixtures.

A. Identification of Botanicals

SEM has been used extensively for morphological analysis
of botanicals for several years. Although its usage in authen-
tication has been limited, recent publications show a rise in its
use for botanical authentication. Ragusa et al. used SEM to
authenticate Harpagophytum procumebens DC (8). They
identified morphological elements along with superficial gran-
ular material containing harpagoside and harpagide that assist
in identification. Rao et al., using SEM, determined the struc-
ture of glandular and nonglandular trichomes for rose-scented
Geranium cultivars (Pelargonium spp.) (9). Liu et al. deter-
mined the botanical origin of the Chinese crude drug Jiaomu
using SEM (10). Kwanhwa et al. used this technology to ob-
tain information about the relation of glandular trichomes and
essential oils of Elsholtzia ciliata (Thunb.) Hylander, a native

Korean aromatic medicinal plant (11). Chauhan et al. used
SEM to identify Centella asiatica Urban, a botanical used
either whole or in powder form (12), and identified unusual
structures in the epidermis as a useful characteristic for iden-
tification of this plant. Ragusa et al., using SEM, carried out a
micro-morphological investigation on Entada africana Guill.
& Perr. roots and leaves (13). Rapisarda et al. used SEM to
examine Nepeta sibthorpii Benth., an aromatic plant from
southern Greece, and characterized the trichomes that are
abundantly present on the calyx and leaves (14). The glandular
hairs distributed on the adaxial leaf surface and on the outer
surfaces of the calyx and corolla showed unusual features of
the epidermal cells, which are useful diagnostic features for
the identification of this medicinal plant. Researchers have
used SEM to examine the pulp component of Aloe vera L. leaf.
Ni observed that the pulp consists of large clear mesophyll
cells (15). Sibert used SEM for localization of salvinorin A
and related compounds in the glandular trichomes of the psy-
choactive sage, Salvia divinorum Eppling & Játiva (16). Sri-
vastva et al. used SEM along with light microscopy and other
analytical tools for a pharmacognostic evaluation of Cassia
angustifolia Vahl (17).

B. Morphological Variation within Species

Closely related species often have greater similarities com-
pared to species belonging to different genera and families,
which makes differentiation within a genus a difficult task.
In such cases SEM can play a vital role because it can resolve
the differences due to its higher magnification, larger depth of
focus, and greater resolution. Rapisarda et al. used SEM to
study the genus Cordia, which is made up of several species
widely distributed in tropical and subtropical regions of the
world (18). They observed the histological characteristics of
the leaves of Cordia francisci Ten., C. martinicensis Link,
C. serratifolia H., B., & K., and C. ulmifolia Juss. spp. grown
in Sicily and compared them with those of C. myxa L. from
Africa. They revealed morphological elements that allow leaf
identification and species differentiation. Xiao et al. used SEM
to identify the morphology and distribution characteristics of
calcium oxalate crystals in the bark of several species of Cin-
namon (19). Chen examined seeds of five species of medicinal
Rhododendron spp. and was able to distinguish the five spe-
cies based on the form, wings, and ribs of the seeds (20).
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C. Detection of Adulterants/Substitution

Few reports indicate the use of SEM for the detection of
adulterants and substitutes. Recently Xia et al. used SEM to
identify Kochia scoparia and its substitutes, including the
fruits of Chenopodium album, C. serotinum, and Kochia sco-
paria (L.) Schrad. var. trichophila Schirz and Thell (21). Their
work showed that K. scoparia displayed some differences
from substitutes, notably in the trichomes, stomata, and shape
of seeds. Joshi et al. used SEM to differentiate between the

Illicium verum Linn and its toxic adulterant I. anisatum (22).
The two species could not be differentiated using light micro-
scopes, but SEM showed distinct variation in the surface mor-
phology and in the follicles of the two species (Figure 2). SEM
also permitted differentiation of the two species in powder
form. Wierzbick et al. detected and localized lead in Allium
cepa L. cells using an X-ray micro-analyzer attached to
SEM, which illustrates the use of SEM in the detection of hea-
vy metals in botanicals (23).

Figure 2. Surface view of Illicium anisatum L. follicle: light microscopy (A) vs. scanning electron microscopy (B). Procedure: Fluorescent scope

analysis: Follicles of I. anisatum L. were freeze dried, examined under a Nikon Eclipse E 600 fluorescent microscope at UV Ex 330–380

wavelength, and photographed with attached Kodak Digital camera. Scanning electron microscopic analysis: Follicles ofI. anisatumwere freeze

dried for 48 h. The freeze-dried samples were then sputter coated with gold using a Hummer 6.2 Sputter Coater, examined and photographed

using a JEOL JSM-5600 SEM at an accelerated voltage of 9–11 kV.

CONCLUSION

The USP Dietary Supplements–Botanicals Expert Commit-
tee plans to add SEM to General Chapter h563i and welcomes
public comments and participation in the process of revising
this General Chapter.
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that incor-

porate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Proposed and Rec-

ommended International Nonproprietary Names (INN) when they have been announced by the World Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how

nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomenclature issues that

also occasionally report on related matters pertaining to USAN and INN.
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USP Dictionary of USAN and International Drug Names
2008 USP DICTIONARY SUPPLEMENT 2

IMPORTANT—Save this Supplement. This and all supplements appearing in PF are needed to keep the 2008 edition of the USP Dictionary
(USPD) up-to-date. The cumulative contents of the supplements to the current (2008) edition will be included in the next complete edition of the
Dictionary.

Newly Approved United States Adopted Names (USAN), Released for Publication

The following are newly established United States Adopted Names (USAN). These names will not be listed cumulatively; see

preceding and succeeding numbers of PF for other new USAN to supplement the Dictionary main volume.

Azilsartan Medoxomil [2007] (ay’’ zil sar’ tan me dox’ oh mil).
C30H24N4O8. 568.50. (1) 1H-Benzimidazole-7-carboxylic acid,
1-[[2’-(2,5-dihydro-5-oxo-1,2,4-oxadiazol-3-yl)[1,1’-biphenyl]-
4-yl]methyl]-2-ethoxy-, (5-methyl-2-oxo-1,3-dioxol-4-yl)-
methyl ester; (2) (5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 2-eth-
oxy-1-((2’-(5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl)biphenyl-4-
yl)methyl)-1H-benzo[d]imidazole-7-carboxylate. CAS-863031-
21-4. INN. Treatment of hypertension. TAK-491

Esomeprazole Potassium [2007] (es’’ oh mep’ ra zole poe tas’ ee
um). C17H18KN3O3S. 383.50. (1) 1H-Benzimidazole, 6-methox-
y-2-[(S)-[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfi-
nyl]-, potassium salt (1:1); (2) (–)-5-Methoxy-2-{(S)-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]sulfinyl}-1H-benzi-
midazole potassium salt. CAS-161796-84-5. Treatment of
GERD patients with a history of erosive esophagitis.

Revisions of United States Adopted Names (USAN)
The following are revisions of existing United States Adopted Names (USAN) and other names.

Olanzapine Pamoate

Change molecular weight to read:
718.82

Poractant Alfa

Change definition to read:
An extract of porcine lung containing not less than 90% of phospho-
lipids, about 1% of hydrophobic proteins (SP-B and SP-C), and about
9% of other lipids.

Safinamide

Change chemical name to read:
(+)-(S)-2-[[p-[(m-Fluorobenzyl)oxy]benzyl]amino]propionamide

Teriflunomide

Change chemical name to read:
(Z)-2-Cyano-a,a,a-trifluoro-3-hydroxy-p-crotonotoluidide

Terbogrel

Change chemical name to read:
(1) (E)-6-[3-[[(Cyanoamino)[(1,1-dimethylethyl)amino]methylene]a-
mino]phenyl]-6-(3-pyridinyl)-5-hexenoic acid;

Terdecamycin

Change chemical name to read:
4-Methyl-1-piperazinecarboxylic acid, 7-ester with (-)-N-
[(1S,2R,3E,5E,7S,9E,11E,13S,15R,19R)-7,13-dihydroxy-1,4,10,19-
tetramethyl-17,18-dioxo-16-oxabicyclo[13.2.2]nonadeca-3,5,9,11-
tetraen-2-yl]pyruvamide

Tiletamine Hydrochloride

Change chemical name to read:
(1) Cyclohexanone, 2-(ethylamino)-2-(2-thienyl)-, hydrochloride;
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Proposed and Recommended International Nonproprietary Names

International Nonproprietary Names (INN) are devised by theWorld
Health Organization (WHO).
Under its charter, the WHO is empowered simply to recommend

specific actions or procedures to its Member States. This limitation
is incorporated into the WHO program concerned with the selection
of international nonproprietary names for pharmaceutical substances,
in that the WHO first publishes the selected names as proposals (‘‘Pro-
posed International Nonproprietary Names’’). A period of four months
from the date of publication in WHO Drug Information is allowed for
entering comments on, or objections to, any proposal on the part of

Member States or other interested parties. In general, an objection re-
flects a belief that the proposal concerned is confusingly close to (i.e.,
conflicts with) a name already in use, perhaps in only a restricted area
in which the party has a proprietary interest in the form of trademark
rights. In the event that no objection is received, the WHO proceeds
with listing and publishing the names so devised as recommendations
(‘‘Recommended International Nonproprietary Names’’), which many
Member States then recognize as the sole or preferred nonproprietary
name for use within their respective territories.

Proposed International Nonproprietary Names–List 98

The following 62 names have been selected by the World Health
Organization (WHO) as Proposed International Nonproprietary
Names.

This list, with chemical names or descriptions and the molecular for-
mulae, appears in WHO Drug Information, Vol. 21, No. 4, 2007.

Suggested INN Category

Adipiplon Sedative, hypnotic
Agatolimod Antineoplastic
Alacizumab Pegol Antineoplastic
Aleplasinin Inhibitor of plasminogen activa-

tor inhibitor-type1
Almorexant Orexin-receptor antagonist
Amolimogene Bepiplasmid Immunomodulator, immuno-

stimulant
Amsilarotene Antineoplastic
Anacetrapib Antihyperlipidaemic
Anrukinzumab Inmunomodulator
Baminercept Immunomodulator
Bentamapimod Immunomodulator
Berubicin Antineoplastic antibiotic
Besifloxacin Antibacterial
Betrixaban Blood coagulation factor Xa in-

hibitor
Briobacept Immunomodulator
Cabazitaxel Antineoplastic
Cariprazine Antipsychotic
Carmegliptin Hypoglycaemic
Cobiprostone Prostaglandin derivative
Conestat Alfa Enzyme inhibitor
Dacetuzumab Immunomodulator, antineoplas-

tic
Daporinad Antineoplastic
Darinaparsin Antineoplastic
Deforolimus Antineoplastic
Dexnebivolol b-adrenoreceptor antagonist
Emricasan Caspase inhibitor
Eribaxaban Blood coagulation factor Xa in-

hibitor
Ezatiostat Glutathione-S-transferase inhibi-

tor
Fasobegron B3-adrenoreceptor agonists
Favipiravir Antiviral

Suggested INN Category

Fermagate Phosphate binder
Flopristin Antibacterial
Folitixorin Folate derivative
Ibodutant Tachykinin receptor antagonist
Imeglimin Hypoglycaemic
Laromustine Antineoplastic
Levonebivolol b-adrenoreceptor antagonist
Linopristin Antibacterial
Lucatumumab Antineoplastic
Milatuzumab Antineoplastic
Mirabegron B3-adrenoreceptor agonists
Monepantel Anthelminthic (veterinary use)
Nelivaptan Vasopressin receptor antagonist
Nesbuvir Antiviral
Odanacatib Cathepsin inhibitor
Omacetaxine Mepesuccinate Antineoplastic
Otelixizumab Immunomodulator
Pegloticase Enzyme
Preladenant Adenosine receptor antagonist
Quarfloxin Antineoplastic
Radiprodil NMDA receptors antagonist
Remogliflozin Etabonate Hypoglycaemic
Retosiban Oxytocin antagonist
Riociguat Guanylate cyclase activator

/stimulator
Rolofylline Nootropic agent
Tenatumomab Antineoplastic
Tertomotide Immunological agent for active

immunization
Tigatuzumab Antineoplastic
Tiprolisant Histamine-H3 receptor inverse

agonist
Velaglucerase Alfa Enzyme
Veltuzumab Antineoplastic
Viquidacin Antibacterial
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Recommended International Nonproprietary Names–List 59

The following 77 names have been selected by the World Health
Organization (WHO) as Recommended International Nonproprietary

Names. This list, with chemical names or descriptions and the molec-
ular formulae, appears in WHO Drug Information, Vol. 22, No. 1,
2008.

Albiglutide
Albinterferon Alfa-2b
Anamorelin
Apremilast
Arbaclofen Placarbil
Arterolane
Azilsartan Medoxomil
Azoximer Bromide
Begacestat
Belatacept
Belinostat
Boceprevir
Brivanib Alaninate
Canakinumab
Carfilzomib
Ceftaroline Fosamil
Cenersen
Choline Fenofibrate
Cinaciguat
Contusugene Ladenovec
Dapagliflozin
Delimotecan
Dovitinib
Eldecalcitol
Elvitegravir
Epetirimod
Epoetin Kappa
Eribulin
Faxeladol
Ferric Carboxymaltose
Flovagatran
Gantenerumab
Golotimod
Ibalizumab
Idrabiotaparinux Sodium
Laropiprant
Levamlodipine
Lonaprisan
Metenkefalin

Milveterol
Motesanib
Nepidermin
Neratinib
Perampanel
Peretinoin
Pexacerfont
Pimavanserin
Piragliatin
Pomalidomide
Posaraprost
Pyronaridine
Rabeximod
Raltegravir
Regrelor
Rolapitant
Romiplostim
Ronacaleret
Ropidoxuridine
Rosonabant
Salirasib
Sergliflozin Etabonate
Sitimagene Ceradenovec
Sotrastaurin
Taranabant
Tarenflurbil
Teplizumab
Terameprocol
Thrombin Alfa
Totrombopag
Trabedersen
Trelanserin
Tremelimumab
Tridecactide
Tropantiol
Vatreptacog Alfa (activated)
Velimogene Aliplasmid
Voclosporin
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CHROMATOGRAPHIC REAGENTS
USED IN USP–NF AND

PHARMACOPEIAL FORUM

This is an update based on the proposals published in this issue of PF.
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Chromatographic Reagents Used in USP-NF and
Pharmacopeial Forum

July–Aug. 2008

ABACAVIR ORAL SOLUTION (DSD Mgh #2655)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Symmetry Shield
RP-18

Assay and Related Com-
pounds

4.6 mm x 10 cm, 3.5 mm. Manufacturer: Waters Corp.

ABACAVIR SULFATE (DSD Mgh #2653)
PF LGS# Reagent Brand Type of Test Comments

0(0) L51 Chiralpak AD Enantiomeric purity 4.6 mm x 25 cm, 10 mm. Manufacturer: Chiral Technolo-
gies, Inc.

0(0) L1 Symmetry C-18 Related compounds 3.9 mm x 15 cm, 5 mm. Manufacturer: Waters Corp.
0(0) L1 Hypersil BDS C-18 Assay 4.6 mm x 5 cm, 5 mm. Manufacturer: Thermo Scientific

AMPHETAMINE SULFATE (DSD Mgh #4260)
PF LGS# Reagent Brand Type of Test Comments

32(6) L1 Inertsil ODS-3 Assay, identification, and
related compounds

4.6 mm x 15 cm, 5 mm Manufacturer: GL Sciences

AMPHETAMINE SULFATE TABLETS (DSD Mgh #4290)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 MicroBondapak
C18

Assay 3.9 mm x 30 cm. Alternative column Symmetry C18 4.6
mm x 25 cm, 5 mm. Manufacturer: Waters Corp.

AMPICILLIN (DSD Mgh #4430)
PF LGS# Reagent Brand Type of Test Comments

34(4) L1 LiChrosorb RP-18 Related compounds 4.6 mm x 15 cm, 5 mm. Manufacturer: Merck KGaA

ASHWAGANDHA (DSD Mgh #2786)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Luna C18(2) Content of . . . . . . . . Content of withanolides. 4.6 mm x 25 cm, 5mm Manu-
facturer: Phenomenex

AZITHROMYCIN TABLETS (DSD Mgh #362)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 XTerra RP 18 Assay and Related Com-
pounds

4.6 mm x 25 cm, 5 mm. Manufacturer: Waters Corp.

BISOPROLOL FUMARATE TABLETS (DSD Mgh #9794)
PF LGS# Reagent Brand Type of Test Comments

34(3) L7 LiChrosorb RP-8 Dissolution Dissolution Test 2. 4.6 mm x 25 cm. Manufacturer: Merck
KGaA

CARBIDOPA AND LEVODOPA EXTENDED-RELEASE TABLETS (DSD Mgh #12874)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 Prodigy C8 Dissolution Dissolution Test 2. 4.6 mm x 15 cm, 5 mm. Manufacturer:
Phenomenex

0(0) L1 MicroBondapak
C18

Dissolution Dissolution Test 3. 3.9 mm x 30 cm. Manufacturer: Waters
Corp.

CLENBUTEROL HYDROCHLORIDE (DSD Mgh #1178)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 LiChrosphere 100
RP-18

Related compounds 4.0 mm x 12.5 cm, 5 mm. Manufacturer: Merck KGaA
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DEXTROAMPHETAMINE SULFATE (DSD Mgh #24040)
PF LGS# Reagent Brand Type of Test Comments

34(4) L1 Inertsil ODS-3 Related compounds 4.6 mm x 15 cm, 5 mm. Manufacturer: GL Sciences

ESTRADIOL VAGINAL INSERTS (DSD Mgh #30653)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Luna C18 Dissolution 4.6 mm x 15 cm, 5 mm or 3.5 mm. Alternative column
Symmetry C18 (Waters) same dimensions. Manufacturer:

Phenomenex

FLUCONAZOLE TABLETS (DSD Mgh #33248)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Nova-Pak C18 Assay and Dissolution 3.9 mm x 150 mm, 4 mm Manufacturer: Waters Corp.

IOVERSOL (DSD Mgh #42174)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Adsorbosphere C18 Related compounds 4.6 mm x 25 cm, 5 mm. Manufacturer: Grace - Alltech

ISOTRETINOIN CAPSULES (DSD Mgh #43638)
PF LGS# Reagent Brand Type of Test Comments

34(4) L1 Partisil 10 ODS Dissolution Dissolution Test 3. 4.6 mm x 25 cm, 10 mm. Manufacturer:
Whatman Inc.

34(4) L1 Hypersil BDS C-18 Dissolution Dissolution Test 2. 4.6 mm x 5 cm, 5 mm. Manufacturer:
Thermo Scientific

LISINOPRIL AND HYDROCHLOROTHIAZIDE TABLETS (DSD Mgh #45572)
PF LGS# Reagent Brand Type of Test Comments

34(4) L7 LiChrosorb RP-8 Dissolution Dissolution Test 2. 4.6 mm x 20 cm, 5 mm. Manufacturer:
Merck KGaA

LOSARTAN POTASSIUM AND HYDROCHLOROTHIAZIDE TABLETS (DSD Mgh #45938)
PF LGS# Reagent Brand Type of Test Comments

34(4) L7 Symmetry C8 Related compounds 3.9 mm x 15 cm, 5 mm. Manufacturer: Waters Corp.
34(4) L7 LiChrosorb RP-8 Uniformity of dosage units 4.6 mm x 25 cm, 10 mm. Manufacturer: Merck KGaA

MUPIROCIN NASAL OINTMENT (DSD Mgh #361)
PF LGS# Reagent Brand Type of Test Comments

34(4) L7 ZORBAX C8 Assay and Related Com-
pounds

4.6 mm x 25 cm, 7 mm. Manufacturer: Agilent Technolo-
gies

PIPERACILLIN AND TAZOBACTAM FOR INJECTION (DSD Mgh #65215)
PF LGS# Reagent Brand Type of Test Comments

34(4) L11 Luna Phenyl-Hexyl Assay and Related Com-
pounds

4.6 mm x 15 cm, 3 mm Manufacturer: Phenomenex

PIPERACILLIN AND TAZOBACTAM INJECTION (DSD Mgh #421)
PF LGS# Reagent Brand Type of Test Comments

34(4) L11 Luna Phenyl-Hexyl Assay and Related Com-
pounds

4.6 mm x 15 cm, 3 mm Manufacturer: Phenomenex

POWDERED ASHWAGANDHA (DSD Mgh #2788)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Luna C18(2) Content of . . . . . . . . Content of withanolides. 4.6 mm x 25 cm, 5 mm Manu-
facturer: Phenomenex
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POWDERED ASHWAGANDHA EXTRACT (DSD Mgh #2789)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Luna C18(2) Content of . . . . . . . . Content of withanolides. 4.6 mm x 25 cm, 5 mm Manu-
facturer: Phenomenex

PROMETHAZINE AND PHENYLEPHRINE HYDROCHLORIDES ORAL SOLUTION (DSD Mgh #70200)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 Symmetry C-18 Related compounds Related compounds Test A. 4.6 mm x 15 cm, 5 mm.
Manufacturer: Waters Corp.

34(5) L1 Inertsil ODS-3 Assay, identification, and
related compounds

Related compounds Test B. 4.6 mm x 25 cm, 5 mm.
Manufacturer: GL Sciences

PROMETHAZINE HYDROCHLORIDE AND CODEINE PHOSPHATE ORAL SOLUTION (DSD Mgh #70180)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 Symmetry C-18 Related compounds Related compounds Test A. 4.6 mm x 15 cm, 5 mm.
Manufacturer: Waters Corp.

34(5) L1 Inertsil ODS-3 Related compounds Relateds compounds Test B. 4.6 mm x 25 cm, 5 mm.
Manufacturer: GL Sciences

PROMETHAZINE HYDROCHLORIDE AND DEXTROMETHORPHAN HYDROBROMIDE ORAL SOLUTION (DSD Mgh
#70190)

PF LGS# Reagent Brand Type of Test Comments

34(5) L1 Symmetry C-18 Related compounds Related compounds - Test A. 4.6 mm x 15 cm, 5 mm
Manufacturer: Waters Corp.

34(5) L1 Inertsil ODS-3 Assay, identification, and
related compounds

Related compounds Test B. 4.6 mm x 25 cm, 5 mm Man-
ufacturer: GL Sciences

RISEDRONATE SODIUM (DSD Mgh #73734)
PF LGS# Reagent Brand Type of Test Comments

0(0) L48 IonPac AS7 Assay and Related Com-
pounds

Related Compounds Test 1. 4.0 mm x 25 cm, 10 mm.
Manufacturer: Dionex

0(0) L1 Hypersil-ODS Related compounds Related compounds Test 2. 4.6 mm x 15 cm, 5 mm. Man-
ufacturer: Thermo Scientific

RISEDRONATE SODIUM TABLETS (DSD Mgh #73736)
PF LGS# Reagent Brand Type of Test Comments

0(0) L48 IonPac AS7 Assay 4.0 mm x 25 cm, 10 mm. Manufacturer: Dionex

SECOBARBITAL SODIUM (DSD Mgh #74650)
PF LGS# Reagent Brand Type of Test Comments

34(4) L1 ZORBAX Eclipse
XDB-C18

Assay and Related Com-
pounds

4.6 mm x 15 cm, 3.5 mm. Manufacturer: Agilent Tech-
nologies

TAMSULOSIN HYDROCHLORIDE CAPSULES (DSD Mgh #80452)
PF LGS# Reagent Brand Type of Test Comments

34(4) L1 YMC-Pack ODS-A Assay and Uniformity of
Dosage units

4.6 mm x 15 cm, 5 mm Manufacturer: YMC Co. Ltd.

34(4) L1 YMC 18 ODS-A Assay, Dissolution, Uni-
formity of Dosage Units

4.6 mm x 15 cm. Manufacturer YMC Co. Alternative
column: Nucleosil C18 manufactured by Macherey-Nagel.

TERCONAZOLE (DSD Mgh #80885)
PF LGS# Reagent Brand Type of Test Comments

34(4) L1 Hypersil-ODS Related compounds 4.6 mm x 10 cm, 3 mm. Manufacturer: Thermo Scientific

TOPIRAMATE TABLETS (DSD Mgh #84314)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 BETASIL Phenyl Dissolution Guard column 4.0 mm x 1 cm. Analytical column 4.6 mm
x 25 cm, 5 mm. Manufacturer: Thermo Scientific
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TRANYLCYPROMINE SULFATE (DSD Mgh #84450)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 Synergi Polar-RP Assay and Identification 4.6 mm x 25 cm, 4 mm. Manufacturer: Phenomenex
0(0) L1 Atlantis C18 Related compounds 4.6 mm x 15 cm, 3 mm. Manufacturer: Waters

TRANYLCYPROMINE SULFATE TABLETS (DSD Mgh #84455)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 XTerra RP 18 Dissolution 3.9 mm x 15 cm, 5 mm. Manufacturer: Waters Corp.
0(0) L11 Synergi Polar-RP Assay and Identification 4.6 mm x 25 cm, 4 mm Manufacturer: Phenomenex
34(5) L1 Atlantis d C18 Related compounds 4.6 mm x 15 cm, 3 mm Manufacturer: Waters

ZIPRASIDONE HYDROCHLORIDE (DSD Mgh #89915)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 ZORBAX RX-C8 Assay and Related Com-
pounds

4.6 mm x 15 cm, 5 mm. Manufacturer: Agilent Technolo-
gies

0(0) G43 DB-624 Limit of . . . . . . . . . Limit of tetrahydrofuran. 0.32 mm x 30 m, 1.8 mm. Man-
ufacturer: J & W Scientific

# 2008 The United States Pharmacopeial Convention All Rights Reserved.
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STANDARDS DEVELOPMENT

This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum (PF), for

the development of official pharmaceutical standards.

S
tandards

D
evelopm

ent



USP publishes Pharmacopeial Forum (PF) bimonthly and provides interested parties an opportunity to review and comment on

the new or revised standards of the United States Pharmacopeia and the National Formulary (USP–NF).

PF includes the following:

1. Potential revisions—entirely new standards, revision ideas, and drafts not yet targeted for official adoption (Pharmacopeial

Previews)

2. Proposed revisions—new or revised standards targeted for official adoption (In-Process Revision)

3. Adopted revisions—new or revised standards that become official and binding before the publication of the next USP–NF or

Supplement (Interim Revision Announcement)

USP welcomes comments and data on potential, proposed, or official standards. Comments, along with USP’s responses, will be

published either in PF Briefings, the Commentary section of PF, the Commentary section of Supplements to USP–NF, or the

Commentary section of USP–NF.
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, U.S. Pharmacopeia, 12601 Twinbrook Parkway,

Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
This section provides descriptions of the various parts of PF. It also includes Committee Designations and the Staff Directory.
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The content of the different sections of PF are briefly described below. A more detailed description of each section is provided at

the beginning of that section. A general description of the types and amount of information expected in a Request for Revision is

available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website (www.usp.org/

USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Pharmacopeial
Previews
Early ideas for revisions

�BRIEFING: Scientific rationale for potential inclusion or change. May
include other information useful to the analyst such as the brand name
of the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�Potential revisions not yet targeted for official adoption that require a
longer public review and comment process because of
issues such as:

— the controversial nature of an item;
— the application of new technologies that require further

study; and
— articles produced by multiple sources.

Review drafts and provide comments to
the appropriate staff liaison cited in the
Briefing preceding each Preview.

In-Process Revision
Revisions targeted for
adoption

�BRIEFING: Scientific rationale for proposed changes. May include
other information useful to the analyst such as the brand name of
the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�New and revised standards that have been approved for publication
by the appropriate USP Committee when it is considering whether to
advance standards to official status (see Standards Development).
New or revised text is marked with symbols (&

&
or .. or

~

~
) to spec-

ify the tentative earliest date on which the revision would be officially
adopted.

Review material and send comments
promptly to USP staff liaison (see the
Staff Directory) identified at the end of
the briefing accompanying each item.
For general inquiries or in cases where
a particular liaison is not identified, use
the general USP telephone number 301-
881-0666 or FAX number 301-816-
8373. Comment deadlines are found at
the end of the Policies and Announce-
ments section.

Harmonization
Items the Pharmacopeial
Discussion Group (PDG)
is working to harmonize
internationally

�BRIEFING: Scientific rationale for the potential inclusion or change or
for the proposed change. The designated stage of harmonization. The
stage determines whether an item appears under Pharmacopeial Pre-
views or under In-Process Revision, both separate sections of Harmo-
nization.
�For In-Process Revision, new or revised text is marked with symbols
(&

&
) to specify the tentative, earliest date on which the revision would

be officially adopted.

Review material and provide comments
to the appropriate staff liaison cited in the
Briefing preceding each Preview or In-
Process Revision.
Individuals who wish to correspond
with the European and Japanese Pharma-
copoeias concerning monographs in the
Official Inquiry and Consensus stages
of international harmonization should ad-
dress their comments to the coordinating
pharmacopeia, with a copy to USP, for a
given article. The addresses for the Eur-
opean and Japanese Pharmacopoeias are
as follows:

EP Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health Care
Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Interim Revision
Announcement
Adopted standards

Standards that have been adopted and will become officially binding
on the specified date. Effective date is specified in the section’s intro-
ductory page or within parentheses following a particular item. New
or revised text is set off by the symbols .

..

Review to see if affected by any of the
changes. Note effective date when stan-
dards become official and ensure compli-
ance.

Pending Proposals In order for an item to be adopted into the USP–NF and become offi-
cially binding, it must first be proposed and published in the PF to
allow the public an opportunity to review and comment upon it. When
an item is adopted, it is published in either the USP–NF, its supple-
ments, or an IRA. Those items that have not yet been adopted are still
pending.

Review items to track pending pro-
posals.

Canceled Proposals Canceled proposals are items that were published in PF and were
pending, but have since been canceled. Note that canceled propos-
als may be republished to be considered in the future for adoption into
the USP–NF.

Review items to track canceled pro-
posals.
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Other Sections

Expert Committee Designations

Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the development of stan-

dards.

Staff Directory

Names of key USP Standards Division staff members, including scientific liaisons, with contact information.

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested parties
� Discussions of issues on which USP desires public input prior to further development

Nomenclature
� Latest adopted United States Adopted Names (USAN) and International Nonproprietary Names (INN) for drugs
� Revisions to existing names as a supplement to the USP Dictionary of USAN and International Drug Names
� Suggested, proposed, and recommended USAN and INN
� Information on how nonproprietary drug names are devised
� Articles relevant to compendial nomenclature issues

Index

Cumulative directory for the content of all issues of PF beginning with PF 34(1).

Chromatographic Reagents Used in USP–NF and Pharmacopeial Forum

Update of chromatographic reagents based on the proposals published in this issue of PF.
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

BB CGT B&B Cell, Gene, and Tissue Therapies

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards [Formerly Dietary Supplements—Bioavailability (DSB)]

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

MD-CCA Monograph Development—Cough, Cold, and Analgesics

MD-GRE Monograph Development—Gastrointestinal, Renal, and Endocrine

MD-OOD Monograph Development—Ophthalmology, Oncology, and Dermatology

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2005–2010 Expert Committees. The general USP telephone

number, (301) 881-0666, may still be used for general inquiries or when a particular Expert Committee is not identified. The fax

number is (301) 816-8373.

STAFF E-MAIL PHONE ASSIGNMENT

Darrell Abernethy
Chief Science Officer

dra@usp.org (301) 816-8184

Clydewyn M. Anthony, Ph.D.,
Scientist

cma@usp.org (301) 816-8139 Monograph Development—
Cough, Cold, and Analgesics
(MD-CCA)

Fouad Atouf, Ph.D.,
Senior Scientific Associate

fa@usp.org (301) 816-8365 B&B Cell, Gene, and Tissue
Therapies (BB CGT)

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Patient Safety Initiatives

scb@usp.org (301) 816-8216

Daniel K. Bempong, Ph.D.,
Senior Scientist

dkb@usp.org (301) 816-8143 Pulmonary and Steroids
(MD-PS)

Kristie Bowman,
Senior Scientific Associate

kxb@usp.org (301) 816-8462 Food Ingredients (FI)

William E. Brown,
Senior Scientist

web@usp.org (301) 816-8380 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF)

Damián A. Cairatti,
Senior Scientist

dac@usp.org (301) 816-8307 USP–NF Spanish Edition

Larry N. Callahan, Ph.D.,
Senior Scientist

lnc@usp.org (301) 816-8385 B&B Proteins and Polysaccha-
rides (BB PP)

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Diane Cousins, R.Ph.,
Vice President, Healthcare Quality
and Information

ddc@usp.org (301) 816-8215

Behnam Davani, Ph.D.,
Senior Scientist

bd@usp.org (301) 816-8394 Monograph Development—
Antivirals and Antimicrobials
(MD-AA)

Anthony DeStefano,
Vice President, General Chapters

ajd@usp.org (301) 998-6303

Ian F. DeVeau, Ph.D.,
Director, Veterinary Drugs
and Radiopharmaceuticals

ifd@usp.org (301) 816-8178 Veterinary Drugs (VET)

Lawrence Evans III, Ph.D., M P.H.,
Senior Scientist

le@usp.org (301) 816-8389 Dietary Supplements—Non-
Botanicals (DSN)

Gabriel I. Giancaspro, Ph.D.,
Director, Dietary
Supplements

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Scientist

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Senior Scientist

eg@usp.org (301) 816-8251 Monograph Development—
Gastrointestinal, Renal, and
Endocrine (MD-GRE)

James Griffiths,
Vice President, Food and Dietary
Supplement Standards

jg@usp.org (301) 998-6811

Antonio Hernandez-Cardoso,
Scientist, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP Spanish Edition;
General Chapters (GC)
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STAFF E-MAIL PHONE ASSIGNMENT

Desmond G. Hunt, Ph.D.,
Scientist

dgh@usp.org (301) 816-8341 Packaging and Storage
(P&S);

Parenteral Products— Industrial
(PPI)

Ping Jin, Ph.D.,
Senior Scientific Associate

pj@usp.org (301) 998-6827 Dietary Supplements—
Performance Standards (DS-PS)

Robert Lafaver,
Scientist

rhl@usp.org (301) 816-8335 Excipient Monographs 1 (EM1);
Excipient General Chapters (EGC)

Angela G. Long,
Vice President, Volunteer and
Organizational Affairs and
Executive Secretariat

agl@usp.org (301) 816-8382

Victor Xiaobin Lu, Ph.D.,
Senior Scientist

vxl@usp.org (301) 816-8336 B&B Vaccines and Virology
(BB-VV)

Feiwen Mao,
Scientist

fm@usp.org (301) 816-8320 Monograph Development—
Ophthalmology, Oncology,
and Dermatology (MD-OOD)

Margareth R. Marques, Ph.D.,
Senior Scientist and Latin
American Liaison

mrm@usp.org (301) 816-8106 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF); Reagents

Marcia D. Mayfield,
Manager, Monograph Development

mxm@usp.org (301) 816-8358

Jeff Moore, Ph.D.,
Senior Scientific Associate

jm@usp.org (301)816-8288 Food Ingredients (FI)

Kevin Moore, Ph.D.,
Scientist

ktm@usp.org (301)816-8369 Harmonization;
Monograph Improvement

Tina S. Morris, Ph.D.,
Director, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

Amy Neal, DVM,
Senior Scientist

an@usp.org (301) 998-6786 Veterinary Medicine Information
(VMI)

Claudia C. Okeke, Ph.D.,
Scientific Fellow,
Patient Safety

cco@usp.org (301) 816-8243 Sterile Compounding (SCC)

Horacio Pappa, Ph.D.,
Senior Scientist and Latin
American Liaison

hp@usp.org (301) 816-8319 General Chapters (GC);
Statistics (STAT)

Denise Penn, R.Ph.,
Senior Drug Information Specialist

dsp@usp.org (301) 816-8392 Drug Information

Deborah G. Perfetto, Pharm.D.,
Director, Healthcare Information

dgp@usp.org (301) 816-8317

Morgan Puderbaugh,
Scientific Associate

mxp@usp.org (301) 998-6833

Sujatha Ramakrishna, Ph.D.,
Scientist

sxr@usp.org (301) 816-8349 Monograph Development—
Cardiovascular (MD-CV)

Hariram Ramanathan,
Scientific Associate

hr@usp.org (301) 816-8313

Ravi Ravichandran, Ph.D.,
Senior Scientist

rr@usp.org (301) 816-8330 Monograph Development—
Psychiatrics and
Psychoactives (MD-PP)

Gary E. Ritchie, M.S.,
Scientific Fellow for PAT

ger@usp.org (301) 816-8353 General Chapters (GC);
Pharmaceutical Waters (PW);
Statistics (STAT)
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STAFF E-MAIL PHONE ASSIGNMENT

Karen A. Russo, Ph.D.,
Director, Small Molecules
and Monograph Acquisition

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientist

lxs@usp.org (301) 816-8168 International Health (IH)

Dandapantula Sarma, Ph.D,
Senior Scientist

dns@usp.org (301) 816-8354 Dietary Supplements—
Information (DSI)

Rick Schnatz, Pharm.D,
Manager

rxs@usp.org (301) 816-8526 Compounding Pharmacy (CRX)

Stefan P. Schuber, Ph.D.,
Director, Scientific Reports

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientist

mhs@usp.org (301) 816-8318 Dietary Supplements—
Botanicals (DSB)

Catherine M. Sheehan,
Director, Excipients and
Food Ingredients

cxs@usp.org (301) 816-8262 Food Additives (FA)

Tom Sigambris, M.S.,
Scientist

tzs@usp.org (301) 998-6789

Nora R. Suarez,
Scientific Associate

nrs@usp.org (301) 816-8326

Anita Y. Szajek, Ph.D.,
Senior Scientist

aey@usp.org (301) 816-8325 B&B Blood and Blood Products
(BB BBP)

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientist

rst@usp.org (301) 816-8339 General Toxicity and Medical
Device Biocompatibility
(GTMDB); Microbiology and
Sterility Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientist

yt@usp.org (301) 816-8321 Dietary Supplements—
General Chapters (DS-GC)

Domenick Vicchio,
Senior Scientist

dwv@usp.org (301) 998-6828

Hong Wang, Ph.D.,
Scientist

hw@usp.org (301) 816-8351 Excipient Monographs 2
(EM2); Excipient General
Chapters (EGC)

Andrzej Wilk, Ph.D.,
Sr. Scientist

aw@usp.org (301) 816-8305 Nomenclature (NOM)

Ahalya Wise,
Scientist

aww@usp.org (301) 816-8607 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientist

kxz@usp.org (301) 816-8269 Aerosols (AER); General
Chapters (GC)
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POLICIES AND
ANNOUNCEMENTS

This section includes information about general scientific and policy issues that may have an impact on USP–NF standards and

processes and announcements about issues being considered by USP. This section also includes publication and comment sched-

ules.

P
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and
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USP PROPOSES CHANGES TO GENERAL CHAPTER

h711i DISSOLUTION; REQUIREMENTS FOR THE

SALICYLIC ACID DISSOLUTION CALIBRATOR TO

BE DISCONTINUED. The Biopharmaceutics Expert

Committee (BPC EC) has approved the deletion of the use

of USP Salicylic Acid Tablets RS from the Performance

Verification Test (PVT) for test assemblies using USP

Apparatus 1 (Basket Apparatus) and Apparatus 2 (Paddle

Apparatus). The deletion of USP Salicylic Acid Tablets RS

from Dissolution h711i has an intended implementation date

of December 1, 2009, the official date of the Second

Supplement to USP 32. This change is presented as an In-

Process Revision to allow considerable advance notice for

affected parties.

In addition, starting with USP Prednisone Tablets RS, Lot Q,

the results of the PVT for Apparatus 1 and 2 will be evaluated

based on the mean (trueness) and standard deviation (preci-

sion) of the data generated. USP will provide a calculation

spreadsheet in the ‘‘Compendial Tools’’ area of the website

to assist with these calculations.

Please direct any questions to William Brown, Senior Scientist

(301-816-8380 or web@usp.org) or Anthony DeStefano,

Ph.D. (301-998-6303 or ajd@usp.org).

STIMULI ARTICLE PROPOSES CHANGES TO

HEAVY METALS/ INORGANIC IMPURITIES

GENERAL CHAPTER. Many toxic metal impurities

found in pharmaceutical articles have been controlled for

years by application of the test for Heavy Metals described

in USP–NF General Chapter Heavy Metals h231i. However,
the procedures and the methods contained in h231i lack the

sensitivity, specificity, and recovery to monitor properly the

levels of these metals. A number of additional chapters for

the control of specific metals and other inorganic impurities

are contained in USP–NF. This Stimuli article proposes a

new USP General Chapter for the control of inorganic

impurities in drug and dietary supplement articles intended

for use in humans.

The proposed new General Chapter recommends procedures

that rely on modern analytical technology and includes limits

that are based on toxicity and exposure levels for the selected

metals. The new General Chapter also introduces a perfor-

mance-based approach for the selection of the appropriate

technology. This chapter, proposed to replace General Chapter

h231imay have an impact on other General Chapters that con-

trol metals. Contact Kahkashan Zaidi, Ph.D., Senior Scientist,

Documentary Standards Division (301-816-8269 or

kxz@usp.org)

USE OF USP WEBSITE. USP is relocating to the

www.usp.org website information formerly published in PF .

USP is undertaking this initiative to assure that all interested

parties have access to this information. USP understands the

information it publishes is critical to industry operations and

needs to be broadly communicated to stakeholders in a timely

manner. Because the website is available to everyone and is

routinely maintained, it is the ideal vehicle for USP to use in

order to achieve this goal.

The following information, previously published in the Poli-

cies and Announcements section of the Pharmacopeial For-

um, is now accessible on USP’s website.

� IRA Commentary
� Compendial Notices
� Pharmacopeial Education Courses

Other important information that resides on the USP website

includes:

� Rules and Procedures of the Council of Experts
� Revision Bulletins
� Postponements
� Intent to Revise Letters
� Explanatory Notes and Announcements
� Errata Announcements
� Stimuli to the Revision Process Articles
� Reference Standards Catalog

The USP intends to continue this effort and is targeting the

following information to be posted only to the USP website

in the near future:

� Reference Standards Abeyance List
� High Priority Monograph List

USP encourages stakeholders to sign up for the Compendial

Notices e-mail service in order to receive notices of new post-

ings to the USP website. To sign up for this service, go to

http://www.usp.org/support/products/uspNewslettersRe-

quest.html?promo=compendial.

RESIDUAL SOLVENTS: GENERAL NOTICES AND

GENERAL CHAPTER h467i—OFFICIAL JULY 1,

2008.The USP Residual Solvent requirements in the General

Notices becomes official July 1, 2008. As a result, the title of

General Chapter h467i is now Residual Solvents instead of

Organic Volatile Impurities, and references to Organic

Volatile Impurities are deleted from monographs. Please

direct any questions to Horacio Pappa, Ph.D., Senior

Scientist (301-816-8319 or hp@usp.org).

PHARMACOPEIAL FORUM PUBLIC REVIEW AND

COMMENT PERIOD DEADLINES. The USP welcomes

and encourages interested parties to submit comments and

data regarding potential, proposed, or adopted (official)

standards. In accordance with the Rules and Procedures of

the 2005–2010 Council of Experts, USP has implemented a

90-day comment period by providing a deadline for each

issue of PF unless otherwise stated in the individual

Briefing. The listing of comment period deadlines and the

targeted official publications are listed on the next page.

Look for upcoming educational opportunities on the topic of

Heavy Metals: www.usp.org/education.
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Pharmacopeial Forum Comment Deadline
Targeted Official

Publication Publication Date Official Date

PF 34(2) June 15, 2008 USP 32–NF 27
1st Supplement

February 2009 August 2009

PF 34(3) August 15, 2008

PF 34(4) October 15, 2008 USP 32–NF 27
2nd Supplement

June 2009 December 2009

PF 34(5) December 15, 2008

PF 34(6) February 15, 2009 USP 33–NF 28 November 2009 May 2010

PF 35(1) April 15, 2009

All official revisions are published in the annual edition or

Supplements to USP–NF (twice yearly). Between these publi-

cations, official revisions are published in PF in the Interim

Revision Announcement section; these revisions are also incor-

porated in the upcoming Supplement. The official publication

in which an IRA is incorporated will depend upon publication

deadlines. The IRAs appearing in PF Numbers 5 and 6 of each

volume will not appear until Supplement 1. See the table be-

low. The electronic version of USP–NF is updated as each

Supplement becomes available and, therefore, contains all of-

ficial text up to and including the contents of the latest Supple-

ment. The table below outlines the publications and their

release and official dates, and the book or Supplement that

supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 31–NF 26 Nov. 1. 2007 May 1, 2008 1st Supplement to USP 31–NF 26

IRA [PF 34(1)] Jan. 1, 2008 Feb. 1, 2008 2nd Supplement to USP 31–NF 26

1st Supplement to USP 31–NF 26 Feb. 1, 2008 Aug. 1, 2008 2nd Supplement to USP 31–NF 26

IRA [PF 34(2)] Mar. 1, 2008 Apr. 1, 2008 2nd Supplement to USP 31–NF 26

IRA [PF 34(3)] May 1, 2008 June 1, 2008 USP 32–NF 27

2nd Supplement to USP 31–NF 26 June 1, 2008 Dec. 1, 2008 USP 32–NF 27

IRA [PF 34(4)] July 1, 2008 Aug. 1, 2008 1st Supplement to USP 32–NF 27

IRA [PF 34(5)] Sept. 1, 2008 Oct. 1, 2008 1st Supplement to USP 32–NF 27

IRA [PF 34(6)] Nov. 1, 2008 Dec. 1, 2008 2nd Supplement to USP 32–NF 27

PRIORITY NEW MONOGRAPH ITEMS. USP is seeking

monographs for the following drug substances and drug pro-

ducts that are or soon will be off patent and thus are of the

highest priority. USP also is seeking monographs for the ex-

cipients listed below. Monographs are marked received upon

receipt of the monograph proposal. Received monographs are

removed from this list upon publication in Pharmacopeial

Forum or when posted in the Pending Monographs section

of the USP website (http://www.usp.org/standards/pending/).

(This list has been updated as of June 20, 2008.) For the most

current list, please consult the Priority New Monograph Items

List posted at http://www.usp.org/USPNF/submitMonograph/

newMon.html.

Monograph sponsors should consult USP’s Guideline for Sub-

mitting Requests for Revision to the USP–NF posted at http://

www.usp.org/USPNF/submitMonograph/subGuide.html.

For additional information, contact Karen A. Russo, Ph.D.,

kar@usp.org.

Small Molecules (Drug Substances)—As of June 20, 2008

1. Allopurinol Sodium 2. Aminopropazine Fumarate 3. Aminopterin Sodium

4. Anagrelide Hydrochloride
(Received)

5. Arsenic Trioxide 6. Auranfoin

7. Azelaic Acid
(Received)

8. Balsalazide Disodium 9. Bentoquatam

10. Benzphetamine Hydrochloride 11. Bivalirudin
(Received)

12. Calcipotriene

13. Calcium Trisodium Pentetate 14. Calfactant 15. Candesartan Cilexetil
(Received)

16. Carmustine
(Received)

17. Cefditoren Pivoxil
(Received)

18. Ceftibuten

19. Ceftiofur Hydrochloride
(Received)

20. Cetrorelix 21. Cevimeline
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Small Molecules (Drug Substances)—As of June 20, 2008 (Continued)

22. Chloroxine 23. Choline Salicylate 24. Cysteamine Bitartrate

25. Cytarabine Liposome 26. Dalfopristin 27. Dapirazole Hydrochloride

28. Desirudin 29. Desonide
(Received)

30. Dexrazoxane

31. Dextromethorphan Polistirex 32. Difenoxin Hydrochloride 33. Difloxacin Hydrochloride

34. Entacapone 35. Epoprostenol Sodium 36. Erythromycin Phosphate

37. Erythromycin Thiocyanate 38. Esmolol Hydrochloride 39. Estazolam
(Received)

40. Estramustine Phosphate Sodium 41. Ethanolamine Oleate 42. Etomidate
(Received)

43. Etoposide Phosphate 44. Exemestane 45. Famciclovir

46. Felbamate 47. Fluoromethane F 18 48. Fosfomycin Tromethamine
(Received)

49. Gadobenate Dimeglumine 50. Gadopentetic Acid 51. Gallium Nitrate

52. Ganirelix 53. Glyceryl Aminobenzoate 54. Guanidine Hydrochloride

55. Halobetasol Propionate
(Received)

56. Haloperidol Decanoate
(Received)

57. Hydrocodone Polistirex

58. Ibandronate Sodium 59. Imipramine Pamoate 60. Imiquimod

61. Irinotecan Hydrochloride
(Received)

62. Isosulfan Blue 63. Itraconazole
(Received)

64. Latanoprost
(Received)

65. Lomustine
(Received)

66. Lopinavir
(Received)

67. Metipranolol Hydrochloride 68. Midazolam
(Received)

69. Miglitol

70. Milrinone Lactate 71. Misoprostol
(Received)

72. Moexipril Hydrochloride

73. Nalbuphine Hydrochloride 74. Nalmefene Hydrochloride 75. Nateglinide
(Received)

76. Nedocromil Sodium 77. Nicardipine Hydrochloride 78. Nilutamide

79. Nisoldipine 80. Olsalazine Sodium
(Received)

81. Orlistat
(Received)

82. Oxcarbazepine
(Received)

83. Oxiconazole Nitrate 84. Pemirolast Potassium

85. Pentamidine Isethionate
(Received)

86. Pioglitazone Hydrochloride 87. Piperonyl Butoxide

88. Pirbuterol Acetate
(Received)

89. Poractant Alpha 90. Porfimer Sodium

91. Pramiprexole Dihydrochloride 92. Quetiapine Fumarate
(Received)

93. Ranitidine

94. Rivastigmine Tartrate
(Received)

95. Ropinirole Hydrochloride 96. Rose Bengal Disodium

97. Rosiglitazone Maleate 98. Salmeterol Xinafoate
(Received)

99. Sertraline Hydrochloride
(Received)

100. Sibutramine Hydrochloride
(Received)

101. Sodium Phenylbutyrate 102. Sodium Phosphates

103. Spectinomycin Sulfate 104. Streptozocin 105. Tacrolimus
(Received)

106. Tenofovir Disoproxil Fumarate
(Received)

107. Terconazole
(Received)

108. Tiludronate Disodium

109. Tiopronin 110. Tranexamic Acid
(Received)

111. Tranylcypromine Sulfate
(Received)

112. Trimetrexate Glucuronate 113. Venlafaxine Hydrochloride
(Received)

114. Voriconazole
(Received)

115. Zaleplon 116. Zinc Tridosium Pentetate 117. Zoledronic Acid

118. Zonisamide
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Small Molecules (Drug Products)—As of June 20, 2008

1. Abacavir Sulfate, Lamivudine, and Zido-
vudine Tablets

2. Acarbose Tablets 3. Acetaminophen, Butalbital, Caffeine, and
Codeine Phosphate Capsules

4. Acetaminophen, Clemastine Fumarate
and Pseudoephedrine Hydrochloride Tab-
lets

5. Acetazolamide Extended-Release
Capsules

6. Albuterol and Ipratropium Bromide
Inhalation Aerosol

7. Albuterol and Ipratropium Bromide Inha-
lation Solution

8. Albuterol Extended-Release Tablets 9. Albuterol Inhalation Aerosol

10. Albuterol Sulfate Inhalation Solution 11. Albuterol Sulfate Oral Solution 12. Alendronate Sodium Oral Solution

13. Alfuzosin Extended-Release Tablets 14. Allopurinol for Injection 15. Alprazolam Extended-Release Tablets

16. Alprostadil Urethral Supository 17. Aminopropazine Fumarate and Neomy-
cin Sulfate Tablets

18. Aminopropazine Fumarate Injection

19. Aminopropazine Fumarate Tablets 20. Aminopterin Sodium Tablets 21. Amiodarone Hydrochloride Injection

22. Amlodipine and Benazepril Hydro-
chloride Capsules

23. Amphotericin B Injection 24. Anagrelide Hydrochloride Capsules
(Received)

25. Arsenic Trioxide Injection 26. Atovaquone and Proguanil Hydrochlor-
ide Tablets

27. Atovaquone Tablets

28. Auranofin Capsules 29. Azatadine Maleate and Pseudoephedrine
Sulfate Extended-Release Tablets

30. Azelaic Acid Cream

31. Azithromycin for Injection
(Received)

32. Azithromycin Tablets
(Received)

33. Baclofen Injection

34. Balsalazide Disodium Capsules 35. Beclomethasone Dipropionate Inhala-
tion Aerosol

36. Beclomethasone Dipropionate
Nasal Suspension

37. Benazepril Hydrochloride and Hydro-
chlorothiazide Tablets

38. Bentoquatam Topical Suspension 39. Benzocaine and Cetylpyridinium
Chloride Lozenges

40. Benzocaine and Menthol Lotion 41. Benzphetamine Hydrochloride Tablets 42. Bivalirudin Injection

43. Brompheniramine Maleate, Dextro-
methorphan Hydrobromide and Pseudo-
ephedrine Hydrochloride Oral Solution

44. Budesonide Inhalation Aerosol 45. Bupivacaine and Lidocaine Hydrochlor-
ides Injection

46. Buprenorphine Hydrochloride Injection 47. Butalbital and Acetaminophen Capsules 48. Butalbital and Acetaminophen Tablets

49. Cabergoline Tablets
(Received)

50. Calcipotriene Cream 51. Calcipotriene Ointment

52. Calcipotriene Topical Solution 53. Calcitriol Capsules 54. Calcitriol Oral Solution

55. Calcium Acetate Capsules 56. Calcium Trisodium Pentetate Injection 57. Calfactant Intratracheal Suspension

58. Carbidopa and Levodopa Extended-Re-
lease Tablets
(Received)

59. Carbidopa and Levodopa Tablets For
Oral Suspension
(Received)

60. Carbidopa, Levidopa, and Entacapone
Tablets

61. Carmustine For Injection
(Received)

62. Carmustine Implant 63. Cefdinir Tablets

64. Cefditoren Pivoxil Tablets 65. Ceftibuten Capsules 66. Ceftibuten For Oral Suspension

67. Ceftiofur Hydrochloride Oral Suspen-
sion

68. Cetirizine Hydrochloride Tablets
(Received)

69. Cetrorelix Injection

70. Cevimeline Hydrochloride Capsules 71. Chloroxine Cream 72. Chlorpromazine Hydrochloride
Extended-Release Capsules

73. Choline and Magnesium Salicylates
Oral Solution

74. Choline and Magnesium Salicylates
Tablets

75. Choline Salicylate Oral Solution
(Received)

76. Ciclopirox Shampoo 77. Ciclopirox Topical Gel 78. Ciclopirox Topical Solution
(Received)

79. Cimetidine Oral Solution 80. Ciprofloxacin Extended-Release Tablets 81. Ciprofloxacin Hydrochloride and
Hydrocortisone Otic Suspension

82. Ciprofloxacin Otic Solution 83. Cisplatin Injection 84. Citalopram Hydrobromide Oral Solution

85. Citric Acid, Gluconolactone, and Mag-
nesium Carbonate Irrigation

86. Cladribine Injection 87. Clemastine Fumarate Syrup

88. Clobetasol Propionate Gel 89. Clorazepate Dipotassium Capsules 90. Clorazepate Dipotassium Extended-Re-
lease Tablets

91. Clotrimazole and Betamethasone Di-
propionate Lotion

92. Compound Undecylenic Acid Cream 93. Compound Undecylenic Acid Topical
Powder

94. Conjugated Estrogens and Medroxypro-
gesterone Acetate Tablets

95. Cyclosporine Modified Capsules 96. Cyclosporine Modified Oral Solution

97. Cyclosporine Ointment 98. Cyclosporine Topical Solution 99. Cysteamine Bitartrate Capsules

100. Cytarabine Liposome Injection 101. Dalfopristin and Quinupristin Injection 102. Dantrolene Sodium Oral Suspension

103. Dapiprazole for Ophthalmic Solution 104. Desirudin for Injection 105. Desonide Cream

106. Dexrazoxane for Injection 107. Dextroamphetamine Sulfate Extended-
Release Capsules

108. Dextromethorphan Polistirex Extended-
Release Oral Suspension
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Small Molecules (Drug Products)—As of June 20, 2008 (Continued)

109. Diazepam Injectable Emulsion 110. Diclofenac Sodium Ophthalmic Solu-
tion

111. Diethylpropion Hydrochloride Ex-
tended-Release Tablets

112. Difenoxin Hydrochloride and Atropine
Sulfate Tablets

113. Difloxacin Hydrochloride Tablets 114. Dihydroergotamine Mesylate Metered
Spray

115. Diltiazem Hydrochloride Injection 116. Dinoprostone Vaginal Suppositories 117. Diphenhydramine Hydrochloride and
Acetaminophen Tablets

118. Divalproex Sodium Delayed-Release
Capsules

119. Dorzolamide and Timolol Ophthalmic
Solution

120. Dorzolamide Ophthalmic Solution

121. Doxepin Hydrochloride Cream 122. Doxycycline Oral Gel 123. Econazole Nitrate Cream

124. Edrophonium Chloride and Atropine
Sulfate Injection

125. Enalapril Maleate and Felodipine Ex-
tended-Release Tablets

126. Enalaprilat Injection
(Received)

127. Entacapone Tablets
(Received)

128. Ephedrine Sulfate and Guaifenesin
Tablets

129. Epirubicin Hydrochloride for Injection

130. Epirubicin Hydrochloride Injection 131. Epoprostenol for Injection 132. Epoprostenol Injection

133. Escitalopram Oxalate Tablets
(Received)

134. Esmolol Hydrochloride Injection 135. Esomeprazole Magnesium Capsules

136. Estazolam Tablets
(Received)

137. Estramustine Phosphate Sodium Cap-
sules

138. Ethanolamine Oleate Injection

139. Etidronate Disodium Injection Con-
centrate

140. Etomidate Injection 141. Exemestane Tablets

142. Famotidine Orally Disintegrating Tab-
lets

143. Felbamate Oral Suspension 144. Felbamate Tablets

145. Fentanyl Lozenges 146. Famciclovir Tablets 147. Fentanyl Transdermal System
(Received)

148. Ferrous Fumarate and Docusate So-
dium Extended-Release Capsules

149. Fluconazole Oral Suspension 150. Fluconazole Tablets
(Received)

151. Flunisolide Inhalation Aerosol 152. Flunisolide Nasal Spray 153. Fluocinolone Acetonide Shampoo

154. Fluorescein Sodium Ophthalmic Solu-
tion

155. Fluorometholone Ointment 156. Fluticasone Propionate Cream
(Received)

157. Fluticasone Propionate Inhalation
Powder

158. Fluticasone Propionate Ointment
(Received)

159. Fluticasone Propionate Pressurized In-
haler

160. Foscarnet Sodium Injection 161. Fosfomycin for Oral Solution 162. Gabapentin Oral Solution

163. Gadobenate Dimeglumine Injection 164. Gallium Nitrate Injection 165. Ganciclovir Capsules

166. Ganirelix Acetate Injection 167. Gatifloxacin Injection 168. Gatifloxacin Tablets

169. Gentamicin Sulfate Oral Solution 170. Gentamicin Sulfate Soluble Powder 171. Glipizide Extended-Release Tablets

172. Granisetron Injection
(Received)

173. Granisetron Tablets
(Received)

174. Guaifenesin and Pseudoephedrine Hy-
drochloride Extended-Release Tablets

175. Guaifenesin and Salts of Dextro-
methorphan and Pseudoephedrine Oral So-
lution

176. Guanidine Hydrochloride Tablets 177. Halobetasol Propionate Cream

178. Halobetasol Propionate Ointment 179. Haloperidol Decanoate Injection 180. Haloperidol Lactate Injection

181. Haloperidol Lactate Oral Concentrate 182. Hydralazine Hydrochloride and Hy-
drochlorothiazide Capsules

183. Hydrochlorothiazide Capsules

184. Hydrochlorothiazide Oral Solution 185. Hydrocodone Bitartrate and Acetami-
nophen Capsules

186. Hydrocodone Bitartrate and Acetamino-
phen Oral Solution

187. Hydrocodone Bitartrate and Aspirin
Tablets

188. Hydrocodone Bitartrate and Guaifene-
sin Oral Solution

189. Hydrocodone Bitartrate and Homatro-
pine Methylbromide Syrup

190. Hydrocortisone Acetate Dental Paste 191. Hydrocortisone Acetate Rectal Foam
Aerosol

192. Hydrocortisone Butyrate Lotion

193. Hydroflumethiazide and Reserpine
Tablets

194. Hydromorphone Hydrochloride Oral
Solution
(Received)

195. Hydroquinone Lotion

196. Ibandronate Sodium Tablets 197. Ibuprofen Capsules 198. Idarubicin Hydrochloride Injection

199. Imipramine Pamoate Capsules 200. Imiquimod Topical Cream 201. Ipratropium Bromide Inhalation Aerosol

202. Ipratropium Bromide Inhalation Solu-
tion

203. Irinotecan Hydrochloride Injection 204. Isosulfan Blue Injection

205. Isradipine Extended-Release Tablets 206. Itraconazole Injection 207. Itraconazole Oral Solution

208. Ketoconazole Cream 209. Ketoconazole Shampoo 210. Ketoprofen Capsules
(Received)

211. Ketoprofen Extended-Release Cap-
sules

212. Ketoprofen Tablets 213. Ketotifen Fumarate Ophthalmic Solution

214. Lactic Acid Lotion 215. Lamotrigine Tablets 216. Latanoprost Ophthalmic Solution

217. Leucovorin Calcium for Injection 218. Levetiracetam Tablets 219. Levocabastine Ophthalmic Suspension
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Small Molecules (Drug Products)—As of June 20, 2008 (Continued)

220. Levofloxacin Solution 221. Lincomycin Hydrochloride and Specti-
nomycin Sulfate Soluble Powder

222. Liothyronine Injection

223. Lomustine Capsules 224. Lopinavir and Ritonavir Solution 225. Lopinavir Capsules

226. Lopinavir Solution 227. Loratadine Orally-Disintegrating Tab-
lets
(Received)

228. Losartan Potassium Tablets
(Received)

229. Mefloquine Hydrochloride Tablets 230. Melphalan for Injection 231. Mesalamine Suppositories

232. Mesoridazine Besylate Concentrate 233. Metaraminol Bitartrate Injection 234. Methacholine Chloride for Inhalation
Solution

235. Methadone Hydrochloride Oral Con-
centrate

236. Methocarbamol and Aspirin Tablets 237. Methoxsalen Softgels

238. Methyclothiazide and Deserpidine
Tablets

239. Methylphenidate Hydochloride Chew-
able Tablets

240. Metipranolol Ophthalmic Solution

241. Metronidazole Capsules
(Received)

242. Metronidazole Cream 243. Metronidazole Extended-Release Tab-
lets

244. Metronidazole Hydrochloride for In-
jection

245. Metronidazole Lotion 246. Miconazole Nitrate Topical Aerosol

247. Midazolam Injection
(Received)

248. Mifepristone Tablets 249. Miglitol Tablets

250. Milrinone Injection 251. Misoprostol Tablets
(Received)

252. Moexipril Hydrochloride and Hydro-
chlorothiazide Tablets

253. Moexipril Hydrochloride Tablets 254. Molindone Hydrochloride Oral Solu-
tion

255. Morphine Sulfate for Injection Concen-
trate

256. Morphine Sulfate Oral Solution 257. Morphine Sulfate Oral Solution Con-
centrate

258. Morphine Sulfate Tablets

259. Mycophenolate Mofetil Capsules 260. Mycophenolate Mofetil Oral Solution 261. Mycophenolate Mofetil Tablets

262. Nalbuphine Hydrochloride Injection 263. Nalmefene Hydrochloride Injection 264. Naphazoline Hydrochloride and Phenir-
amine Maleate Ophthalmic Solution

265. Naphazoline Hydrochloride and Phe-
niramine Maleate Ophthalmic Solution

266. Naproxen Sodium Extended-Release
Tablets

267. Nateglinide Tablets
(Received)

268. Nedocromil Sodium Inhalation Aero-
sol

269. Neomycin Sulfate Oral Powder 270. Nicardipine Hydrochloride Capsules

271. Nilutamide Tablets 272. Nimodipine Capsules 273. Nisoldipine Extended-Release Tablets

274. Nitroglycerin Solution In Acrylic Ad-
hesive

275. Nitroglycerin Transdermal System 276. Nizatidine Tablets

277. Ofloxacin In Dextrose Injection 278. Ofloxacin Injection 279. Olsalazine Sodium Capsules

280. Ondansetron Tablets
(Received)

281. Orphenadrine Citrate Extended Re-
lease Tablets
(Received)

282. Orphenadrine Citrate, Aspirin, and Caf-
feine Tablets

283. Oxcarbazepine Suspension 284. Oxcarbazepine Tablets
(Received)

285. Oxiconazole Cream

286. Pamidronate Disodium Injection 287. Pantoprazole Sodium for Injection 288. Pantoprazole Sodium Tablets

289. Paroxetine Hydrochloride Extended-
Release Tablets

290. Paroxetine Oral Suspension 291. Pemirolast Potassium Ophthalmic Solu-
tion

292. Penicillin G Potassium Tablets for Oral
Solution

293. Pentamidine Isethionate for Inhalation 294. Pentamidine Isethionate Injection
(Received)

295. Pentazocine Hydrochloride and Aceta-
minophen Tablets

296. Phendimetrazine Tartrate Extended-
Release Capsules

297. Phenobarbital Capsules

298. Phentermine Resin Complex Capsules 299. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Extended-Re-
lease Capsules

300. Phenylephrine Hydrochloride, Chlor-
pheniramine Maleate, and Acetaminophen
Extended-Release Tabs

301. Pilocarpine Hydrochloride Ophthal-
mic Gel

302. Pilocarpine Hydrochloride Ophthalmic
Ointment

303. Pioglitazone Hydrochloride Tablets

304. Piperonyl Butoxide and Pyrethrins
Aerosol Foam

305. Pirbuterol Acetate Inhalation Aerosol 306. Poractant Alpha Suspension

307. Porfimer Sodium for Injection 308. Povacrylate Solution 309. Povacrylate-Iodine Topical Solution

310. Povidone-Iodine Gauze 311. Povidone-Iodine Swabsticks 312. Povidone-Iodine Topical Aerosol Foam

313. Povidone-Iodine Vaginal Supposi-
tories

314. Pramipexole Dihydrochloride Tablets 315. Prednisolone Sodium Phosphate Oral
Solution

316. Prochlorperazine Maleate Extended-
Release Capsules

317. Progesterone Capsules 318. Promethazine and Phenylephrine Hydro-
chlorides and Codeine Phosphate Syrup
(Received)
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Small Molecules (Drug Products)—As of June 20, 2008 (Continued)

319. Promethazine and Phenylephrine Hy-
drochlorides Syrup
(Received)

320. Promethazine Hydrochloride and Co-
deine Phosphate Oral Solution
(Received)

321. Promethazine Hydrochloride and Dex-
tromethorphan Hydrobromide Syrup
(Received)

322. Propafenone Hydrochloride Tablets 323. Pseudoephedrine Hydrochloride and
Brompheniramine Maleate Extended-Re-
lease Tablets

324. Pseudoephedrine Hydrochloride and Na-
proxen Sodium Extended-Release Tablets

325. Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Codeine
Phosphate Oral Solution

326. Pseudoephedrine Hydrochloride, Guai-
fenesin, and Codeine Phosphate Oral Solu-
tion

327. Pseudoephedrine Sulfate and Dexbrom-
pheniramine Maleate Extended-Release Tab-
lets

328. Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solution

329. Pseudoephedrine Sulfate, Dexbrom-
pheniramine Maleate, and Acetaminophen
Extended-Release Tablets

330. Pyrilamine Maleate Injection

331. Quinapril Hydrochloride and Hydro-
chlorothiazide Tablets

332. Quinidine Sulfate Injection 333. Ramipril Capsules
(Received)

334. Ranitidine Capsules 335. Rauwolfia Serpentina and Endroflu-
methiazide Tablets

336. Reserpine and Polythiazide Tablets

337. Rimantadine Hydrochloride Oral Solu-
tion

338. Risperidone Oral Solution
(Received)

339. Risperidone Orally Disintegrating Tab-
lets

340. Rivastigmine Tartrate Capsules
(Received)

341. Rivastigmine Tartrate Oral Solution
(Received)

342. Rocuronium Bromide Injection

343. Ropinirole Hydrochloride Tablets 344. Rosiglitazone Maleate Tablets 345. Salicylic Acid and Sulfur Cleansing Lo-
tion

346. Salicylic Acid and Sulfur Lotion 347. Salicylic Acid and Sulfur Shampoo 348. Salicylic Acid Cream

349. Salicylic Acid Ointment 350. Salmeterol Inhalation Aerosol 351. Salmeterol Xinafoate Inhalation Powder

352. Scopolamine Transdermal System 353. Selegiline Hydrochloride Capsules 354. Sertraline Hydrochloride Oral Solution

355. Sibutramine Hydrochloride Capsules 356. Sodium Bicarbonate and Sodium
Citrate for Oral Solution

357. Sodium Bicarbonate, Sodium Citrate,
and Sodium Tartrate for Oral Suspension

358. Sodium Iodide Injection 359. Sodium Phenylbutyrate Oral Powder 360. Sodium Phenylbutyrate Tablets

361. Sodium Phosphates for Oral Suspen-
sion

362. Sodium Phosphates Tablets 363. Sodium Salicylate and Sulfur Shampoo

364. Sterile Talc Aerosol 365. Streptozocin for Injection 366. Sucralfate Oral Suspension

367. Sulconazole Nitrate Cream 368. Sulfacetamide Sodium and Fluoro-
metholone Ophthalmic Suspension

369. Sulfacetamide Sodium and Prednisolone
Sodium Phosphate Ophthalmic Solution

370. Sulfasalazine Oral Suspension 371. Sulisobenzone Lotion 372. Sumatriptan Injection

373. Sumatriptan Tablets
(Received)

374. Tacrolimus Capsules
(Received)

375. Tacrolimus Injection

376. Tacrolimus Ointment 377. Tamsulosin Hydrochloride Capsules
(Received)

378. Technetium Tc 99m Teboroxime Injec-
tion

379. Tenofovir Disoproxil Fumarate Tablets
(Received)

380. Terazosin Capsules
(Received)

381. Terazosin Tablets
(Received)

382. Terbinafine Hydrochloride Cream 383. Terbinafine Tablets
(Received)

384. Terbinafine Topical Solution

385. Terconazole Vaginal Cream 386. Terconazole Vaginal Suppositories 387. Testosterone Transdermal Gel

388. Testosterone Transdermal System 389. Tetracycline Hydrochloride Periodon-
tal Fiber

390. Theophylline Extended-Release Tablets

391. Tioconazole Vaginal Ointment 392. Tiopronin Tablets 393. Tolnaftate Topical Aerosol Solution

394. Topiramate Capsules
(Received)

395. Topiramate Tablets
(Received)

396. Torsemide Injection

397. Torsemide Tablets
(Received)

398. Trandolapril and Verapamil Hydro-
chloride Extended-Release Tablets

399. Trandolapril Tablets

400. Tranexamic Acid Injection 401. Tranylcypromine Sulfate Tablets
(Received)

402. Tretinoin Capsules

403. Tretinoin Microsphere Gel 404. Triamcinolone Acetonide Nasal Sus-
pension

405. Trifluridine Ophthalmic Solution

406. Trimetrexate for Injection 407. Trimipramine Maleate Capsules 408. Triprolidine and Pseudoephedrine Hy-
drochlorides and Codeine Phosphate Syrup

409. Trolamine Salicylate Cream 410. Trolamine Salicylate Gel 411. Trolamine Salicylate Topical Emulsion

412. Undecylenic Acid Topical Foam Aero-
sol

413. Urea Cream 414. Vecuronium Bromide for Injection

415. Venlafaxine Extended-Release Cap-
sules
(Received)

416. Venlafaxine Tablets
(Received)

417. Verapamil Hydrochloride Capsules

418. Verapamil Hydrochloride Extended-
Release Capsules

419. Voriconazole Injection 420. Voriconazole Oral Suspension
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Small Molecules (Drug Products)—As of June 20, 2008 (Continued)

421. Voriconazole Tablets 422. Yttrium Y-90 Chloride Solution 423. Yttrium Y-90 Glass Microspheres

424. Yttrium Y-90 Microspheres Injection 425. Zaleplon Capsules 426. Zidovudine and Lamivudine Tablets
(Received)

427. Zinc Acetate Capsules 428. Zinc Tridosium Pentetate Injection 429. Ziprasidone Hydrochloride Capsules

430. Zoledronic Acid for Injection 431. Zonisamide Capsules
(Received)

Excipients—As of June 20, 2008

1. Acetone Sodium Bisulfite 2. Acetylated Monoglycerides 3. Aconitic Acid (Achilleic Acid)

4. Acrylic Acid-Octyl Acrylate Copolymer 5. Albumin Colloidal 6. Aliphatic Polyesters

7. Allantoin-Sodium Pyrrolidone Carboxyl-
ate

8. Aluminum Ammonium Sulfate 9. Aluminum Lactate

10. Aluminum Oxide 11. Aluminum Potassium Sulfate 12. Aluminum Silicate

13. Aluminum Sodium Sulfate 14. Aluminum Stearate 15. Ammonium Bicarbonate

16. Ammonium Calcium Alginate 17. Ammonium Phosphate 18. Batylalcohol Monostearate

19. Beeswax, Synthetic 20. Benzododecinium Bromide 21. Benzyl Chloride

22. Benzyl Nicotinate 23. Beta Naphthol 24. Brominated Vegetable Oil

25. Butadiene-Styrene Rubber 26. Butylated Hydromethylphenol 27. Butylene Glycol

28. Butylphthalyl Butylglycolate 29. Calcium Acid Pyrophosphate 30. Calcium Alginate

31. Calcium Alginate and Ammonium Algi-
nate

32. Calcium Bromide 33. Calcium Chloride Solution

34. Calcium Phosphate Monobasic 35. Calcium Propionate 36. Calcium Pyrophosphate

37. Calcium Sorbate 38. Calcium Stearoyl Lactylate 39. Caldiamide Sodium

40. Calteridol Calcium 41. Capric Acid 42. Caprylic/Capric Diglyceryl Succinate

43. Carbon 44. Carboxymethyl Starch 45. Carboxymethylamylopectin Sodium

46. Carboxymethylcellulose Potassium 47. Cetostearyl Isononanoate 48. Chlorodifluoroethane

49. Cholic Acid 50. Cinnamaldehyde 51. Cocamide Diethanolamine

52. Cocamide Oxide 53. Cocoyl Caprylocaprate 54. Crystal Gum

55. Cutina 56. Cystine 57. Dammar Gum

58. Decanoic Acid 59. Decyl Oleate 60. Desoxycholic Acid

61. Dextrin Palmitate 62. Dextrins Modified 63. Diacetyl Tartaric Acid Esters of Mono-
and Diglycerides

64. Diacetyl Phosphate 65. Dichlorofluoromethane 66. Diethyl Sebacate

67. Difluoroethane 68. Diglycol Stearate 69. Diisobutyl Adipate

70. Diisopropyl Adipate 71. Diisopropylbenzothiazyl-2-Sulfenamide 72. Dilauryl Thiodipropionate

73. Dimethyl Dicarbonate 74. Dimyristoyl Lecithin 75. Dimyristoyl Phosphatidylglycerol

76. Dipropylene Glycol 77. Disodium Edisylate 78. Disodium Guanylate

79. Disodium Inosinate 80. Disodium Monooleamide Sulfasucci-
nate

81. D-Mannose

82. Docusate Sodium/Sodium Benzoate 83. Erythrosine 84. Ethoxylated Mono- and Diglycerides

85. Ethoxyquin 86. Ethyl Hexanediol 87. Ethyl Linoleate

88. Ethyl Maltol
(Received)

89. Ethylene Dichloride 90. Ethylurea

91. Ferric Ammonium Citrate 92. Ferric Citrate 93. Ferric Oxide, Brown

94. Ferric Phosphate 95. Ferric Pyrophosphate 96. Ferrous Citrate

97. Ferrous Glycinate 98. Ferrous Lactate 99. Fluorochlorohydrocarbons

100. Formic Acid 101. Furcelleran 102. Gentistic Acid

103. Geraniol 104. Glutamic Acid Hydrochloride 105. Gluten

106. Glycerol Ester of Gum Rosin (Ester
Gum)

107. Glyceryl Laurate 108. Glyceryl Palmitate

109. Glyceryl Ricinoleate 110. Glyceryl Tristearate 111. Glycine Hydrochloride

112. Glycofurol 113. Glycol Stearate 114. Heptafluoropropane

115. Heptylparaben 116. Hexadecyl Isostearate 117. Hexane

118. Hexanetriol(-1,2,6-) 119. Hydrocarbon Gel 120. Hydroxyethylmethylcellulose

121. Hydroxylated Lecithin 122. Indigotine 123. Iron Carbonyl

124. Iron Subcarbonate 125. Isobutylated-Isoprene Copolymer 126. Isooctylacrylate

127. Isopropyl Isostearate 128. Isopropyl Stearate 129. Isostearic Acid
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Excipients—As of June 20, 2008 (Continued)

130. Isostearyl Alcohol 131. Lactobionic Acid
(Received)

132. Lactose Ferrin, Bovine

133. Lactylated Fatty Acid Esters of Glycer-
ol and Propylene Glycol

134. Lactylic Esters of Fatty Acids 135. Lanolin (Wool Fat), Hydrogenated

136. Lanolin Alcohols, Acetylated 137. Lanolin Hydrous 138. L-Ascorbyl Stearate

139. Lauramine Oxide 140. Lauric Myristic Diethanolamide 141. Lauric Acid

142. Lauric Diethanolamide 143. Lavender Oil 144. L-Cysteine Monohydrochloride

145. Lecithin, Hydroxylated 146. L-Glutamic Acid
(Received)

147. Linoleic Acid
(Received)

148. L-Leucine 149. Macrogol Sorbitan Tristearate 150. Macrogolglycerol Cocoates

151. Macrogolglycerol Triisostearate 152. Magnesium Aluminum Silicate Hy-
drate

153. Magnesium Aspartame Dihydrate

154. Magnesium Aspartate 155. Magnesium Phosphate Tribasic 156. Magnesium Phosphate, Diabasic, Trihy-
drate

157. Magnesium Tartrate 158. Malt Syrup 159. Maltitol Syrup

160. Maltol Isobutyrate 161. Manganese Chloride 162. Manganese Citrate

163. Manganese Glycerophosphate 164. Manganese Hypophosphite 165. Medical Antifoam Emulsion C

166. Medronate Disodium 167. Medronic Acid 168. Methyl Chloride

169. Methylchloroisothiazolinone 170. Methylisothiazolinone 171. Microcrystalline Cellulose, Silicified
(Received)

172. Mineral Spirits 173. Monoisostearyl Glyceryl Ester 174. Monopotassium Glutamate Monohy-
drate

175. Monosodium Citrate 176. Mullein Leaf 177. Myristyl Gamma-Picolinium Chloride

178. Myristyl Lactate 179. N,N-Bis(2-Hydroxyethyl)Stearamide 180. N-Acetyl-L-Methionine

181. Naphtha 182. N-Methylpyrrolidone
(Received)

183. Non-Pareil Seeds

184. Nutmeg Oil 185. Octanoic Acid 186. Oxystearin

187. Palm Kernel Oil
(Received)

188. Pentasodium Triphosphate 189. Pentetate Calcium Trisodium

190. Pentetate Pentasodium 191. Phenprobamate 192. Phenylmercuric Acetate

193. Phenylmercuric Nitrate 194. Pine Oil 195. Polacrilin

196. Polyglycerol Esters of Fatty Acids 197. Polyglycerol Polyricinoleic Acid 198. Polyoxyethylene Castor Oil (USP has
35)

199. Polyoxyl Stearate (USP has 40) 200. Polypropylene Oleate 201. Polypropylene Stearyl Ether

202. Polysorbate 65 203. Polyvinylacetal Diethylanoacetate 204. Polyvinylpolypyrrolidone

205. Polyvinylpyrrolidone Ethylcellulose 206. Potassium Acid Tartrate 207. Potassium Bromate

208. Potassium Carbonate Solution 209. Potassium Dichloroisocyanurate 210. Potassium Gibberellate

211. Potassium Glycerophospate 212. Potassium Iodate 213. Potassium Nitrite

214. Potassium Phosphate 215. Potassium Phosphate Tribasic 216. Potassium Polymetaphosphate

217. Potassium Pyrophosphate 218. Potassium Stearate 219. Potassium Sulfate

220. Potassium Sulfite 221. Potassium Tripolyphosphate 222. Propyl Propionate

223. Propylene Glycol Diacetate 224. Propylene Glycol Mono- and Diesters 225. Rice Bran Wax

226. Rosin 227. Silicone 228. Sodium Acid Pyrophosphate

229. Sodium Aluminosilicate
(Received)

230. Sodium Aluminum Phosphate Acidic 231. Sodium Aluminum Phosphate Basic

232. Sodium Aspartate 233. Sodium Bisulfate 234. Sodium Bisulfite

235. Sodium Carbonate Hydrate 236. Sodium Carboxymethyl Betaglucan 237. Sodium Caseinate

238. Sodium Chlorate 239. Sodium Citrate, Dibasic 240. Sodium Citrate, Monobasic

241. Sodium Dehydroacetate 242. Sodium Diacetate 243. Sodium Erythorbate

244. Sodium Ferric Pyrophosphate 245. Sodium Ferrocyanide 246. Sodium Hypophosphite
(Received)

247. Sodium Laureth Sulfate 248. Sodium Lauroyl Sarcosinate 249. Sodium Lauryl Sulfoacetate

250. Sodium Magnesium Aluminosilicate 251. Sodium Magnesium Silicate 252. Sodium Malate

253. Sodium Metaphosphate, Insoluble 254. Sodium Metasilicate 255. Sodium Methylate

256. Sodium Polyphosphates Glassy 257. Sodium Potassium Tripolyphosphate 258. Sodium Pyrophosphate

259. Sodium Pyrrolidone Carboxylate 260. Sodium Sesquicarbonate 261. Sodium Sesquinoleate

262. Sodium Stearoyl Lactylate 263. Sodium Thiomalate 264. Sodium Trimetaphosphate

265. Sodium Trioleate 266. Sodium Tripolyphosphate 267. Soy Polysaccharides

268. Stannous Tartrate 269. Starch, Pregelatinized Corn 270. Starch, Pregelatinized Tapioca

271. Stearalkonium Chloride 272. Stearyl Citrate 273. Stearyl Monoglyceridyl Citrate
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Excipients—As of June 20, 2008 (Continued)

274. Succinylated Monoglycerides 275. Sucrose Acetate Isobutyrate 276. Sucrose Fatty Acid Esters

277. Sucrose Stearate
(Received)

278. Sugar Fruit Fine 279. Sulfobutyl Ether Beta Cyclodextrin
(Received)

280. Tallow 281. Tallow Glycerides 282. Tallow Oil

283. Tetrafluoroethane 284. Thioglycerol 285. Thyme Oil

286. Tribehenin 287. Triceteareth-4 Phosphate 288. Trichloroethylene

289. Trimyristin 290. Trisodium Citrate 291. Trolamine Lauryl Sulfate

292. Vegetable Oil 293. Wheat Flour 294. Wheat Germ Oil

295. Wheat Gluten
(Received)

296. Whey
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Standards
� New adopted (official) revisions to the USP–NF that become effective before the effective date of the next Supplement or that

were not ready for adoption by the closing date for the upcoming Supplement. (The effective date for these revisions is stated on the

next page.)

Readers should review this section to determine if they are affected by any of the changes.

Symbols—Interim revisions are shown with new text (if any) enclosed in circles, .new text.. Text enclosed in squares,
&new text&,

has already been adopted in a Supplement. Where the symbols appear together with no enclosed text, such as . . or
&

&, it means that

text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is accompanied by a number

that indicates the IRA or Supplement in which the revision first appeared. For example, .2 indicates that the revision was officially

adopted in the Second Interim Revision Announcement, and &2S (USP29) indicates that the revision was officially adopted in the Second

Supplement to USP 29.

Errata—At the end of the Interim Revision Announcement section is a list of errata and corrections to USP 31–NF 26. The page

number indicates where the item is found in USP–NF. If necessary, this list will be updated with every issue of PF. This information

will also be cumulative in future Supplements, and will appear in its corrected form in the next annual edition of USP–NF. Errata are

considered to be items erroneously published that have not received the approval of the Council of Experts and that do not reflect the

official requirement.
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INTERIM REVISION ANNOUNCEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1119
MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1123

Bupropion Hydrochloride Extended-Release Tablets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1123
Carvedilol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1124
Carvedilol Tablets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1126
Dactinomycin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1127
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New USP Reference Standards

The following USP Reference Standards, which were not

available when the associated monograph was made official,

have since become available. The respective official date of

each USP 31 or NF 26 standard, test, or assay requiring the

use of the following USP Reference Standards is indicated

in parentheses after the name of the Reference Standard.

USP Flumazenil Related Compound C RS (March 1, 2008)
USP Diluted Isosorbide Mononitrate RS (May 1, 2008)
USP Mibolerone RS (November 1, 2008)
USP Narasin RS (November 1, 2008)
USP Near IR System Suitability RS (May 1, 2008)
USP Powdered St. John’s Wort Extract RS (November 1, 2008)
USP Pyrethrum Extract RS (March 1, 2008)
USP D9-Tetrahydrocannabinol RS (May 1, 2008)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 31 or NF 26 standards, tests,

or assays requiring the use of the following new USP Refer-

ence Standards are postponed until further notice pending

availability of the respective Reference Standards. This listing

was updated as of June 18, 2008.

USP 23-Epi-26-deoxyactein RS
USP Acarbose RS
USP Acarbose System Suitability Mixture RS
USP Actein RS
USP (S)-Adenosyl-L-homocysteine RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP Eucatropine Hydrochloride RS
USP Fludeoxyglucose Related Compound B RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Alpha Lipoic Acid RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Oleyl Oleate RS
USP Propylene Glycol Dilaurate RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin RS
USP Valrubicin Related Compound A RS
USP Vasopressin RS

Pharmacopeial Forum
1122 INTERIM REVISION ANNOUNCEMENT Vol. 34(5) [Sept.–Oct. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
te

ri
m

R
ev

is
io

n
A

nn
ou

nc
em

en
t



MONOGRAPHS (USP)

Bupropion Hydrochloride Extended-
Release Tablets

Change to read:

Dissolution h711i—
FOR PRODUCTS LABELED FOR DOSING EVERY 12 HOURS—
TEST 1—
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Times: 1, 4, and 8 hours.
Procedure—Determine the amount of C13H18ClNO �HCl dissolved

by employing UV absorption at the wavelength of maximum
absorbance at about 298 nm, using a 1.0-cm cell, on filtered portions
of the solution under test, suitably diluted with Medium, if necessary,
in comparison with a Standard solution having a known concentra-
tion of USP Bupropion Hydrochloride RS in the same Medium.
Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 25% and 45%
4 between 60% and 85%
8 not less than 80%

TEST 2—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 2.
Medium: 0.1N hydrochloric acid, pH 1.5 (prepared by transfer-

ring about 50 mL of concentrated hydrochloric acid to 6000 mL of
water, adding about 18 g of sodium hydroxide, mixing, and adjusting
with either diluted sodium hydroxide or hydrochloric acid to a pH of
1.5+ 0.05); 900 mL, deaerated.
Apparatus 1: 50 rpm.
Times: 1, 2, 4, and 6 hours.
Determine the percentages of the labeled amount of

C13H18ClNO �HCl dissolved by employing the following method.
Buffer solution—Dissolve 3.45 g of monobasic sodium phosphate

monohydrate in 996 mL of water, add 4.0 mL of triethylamine, and
mix. Adjust with phosphoric acid to a pH of 2.80+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and methanol (65 : 35). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Standard solution—Dissolve an accurately weighed quantity of

USP Bupropion Hydrochloride RS in Medium, and dilute quantita-
tively, and stepwise if necessary, with Medium to obtain a solution
having a known concentration similar to the one expected in the Test
solution.
Test solution—Use portions of the solution under test, and pass

through a 0.45-mm nylon filter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 298-nm detector and a
4.6-mm 6 15-cm column that contains packing L1. The flow rate is
about 1.0 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the column
efficiency is not less than 2000 theoretical plates; the tailing factor is
not more than 2.0; and the relative standard deviation for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of bupropion hydrochloride dissolved at
each time point.

Tolerances—The percentages of the labeled amount of
C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 25% and 50%
2 between 40% and 65%
4 between 65% and 90%
6 not less than 80%

TEST 3—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 3.
Medium, Apparatus, and Procedure—Proceed as directed for Test

1, except using the wavelength of about 250 nm.
Times: 1, 2, 4, and 6 hours.
Tolerances: The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 30% and 55%
2 between 50% and 75%
4 between 70% and 90%
6 not less than 80%

TEST 5—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 5.
Medium and Procedure—Proceed as directed for Test 1.
Apparatus—Proceed as directed for Test 1, except to use a 0.5-cm

cell.
Times: 1, 3, and 6 hours.
Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 35% and 55%
3 between 65% and 85%
6 not less than 80%

.TEST 7—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 7.
Medium, Apparatus 1, and Times—Proceed as directed for Test 2,

including the quantitative chromatographic method, but using as the
Mobile phase a mixture of Buffer solution with methanol (55 : 45).
Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 25% and 50%
2 between 45% and 70%
4 not less than 70%
6 not less than 80%

.5
FOR PRODUCTS LABELED FOR DOSING EVERY 24 HOURS—
TEST 4—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 4.
Medium: 0.1N hydrochloric acid; 900 mL, deaerated.
Apparatus 1: 75 rpm.
Time: 2, 4, 8, and 16 hours.
Procedure—Determine the amount of C13H18ClNO �HCl dissolved

by employing UV absorption at the wavelength of maximum
absorbance at about 252 nm, using a 1.0-mm cell, on filtered
portions of the solution under test, suitably diluted with Medium, if
necessary, in comparison with a Standard solution having a known
concentration of USP Bupropion Hydrochloride RS in the same
Medium.
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Tolerances—The percentages of the labeled amount of
C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

2 not more than 20%
4 between 20% and 45%
8 between 65% and 90%
16 not less than 80%

.TEST 6—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 6.
Medium and Apparatus: Proceed as directed for Test 4.
Times: 1, 2, 4, 8, and 12 hours.
Procedure—Determine the amount of C13H18ClNO �HCl dissolved

by employing UV absorption at the wavelength of maximum
absorbance at about 298 nm, using a 1.0-cm cell, on filtered portions
of the solution under test, suitably diluted with Medium, if necessary,
in comparison with a Standard solution having a known concentra-
tion of USP Bupropion Hydrochloride RS in the same Medium.
Tolerances—The percentages of the labeled amount of

C13H18ClNO �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 between 15% and 35%
2 between 25% and 50%
4 between 40% and 65%
8 between 65% and 90%
12 not less than 80%

.6

Add the following:

.Carvedilol

C24H26N2O4 406.47
2-Propanol, 1-(9H-carbazol-4-yloxy)-3-[[2-(2-methoxyphenox-

y)ethyl]amino]-, (+)-.
(+)-1-Carbazol-4-yloxy)-3-[[2-(o-methoxyphenoxy)ethyl]amino]-

2-propanol [72956-09-3].

» Carvedilol contains not less than 98.0 percent to 102.0
percent of C24H26N2O4, calculated on the dried basis.

Packaging and storage—Preserve in tight containers, and store at
controlled room temperature.

Labeling—If a test for Related compounds by HPLC other than Test
1 is used, then the labeling states with which test the article
complies.
USP Reference standards h11i—USP Carvedilol RS. USP
Carvedilol Related Compound A RS. USP Carvedilol Related
Compound B RS. USP Carvedilol Related Compound C RS. USP
Carvedilol Related Compound D RS. USP Carvedilol Related
Compound E RS. USP Carvedilol System Suitability Mixture RS.
Identification—
A: Infrared Absorption h197Ki.
B: The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromatogram of
the Standard preparation, as obtained in the Assay.
Loss on drying h731i—Dry it at 1058 for 3 hours: it loses not more
than 0.5% of its weight.
Heavy metals, Method II h231i: not more than 0.001%.
Residue on ignition h281i: not more than 0.1%, using a 1-g
specimen.
Related compounds—[NOTE—On the basis of process related
impurities, perform either Test 1 or Test 2. Test 2 is recommended
when carvedilol related compound F is a potential impurity.]

TEST 1—
Buffer and Mobile phase—Proceed as directed in the Assay.
System suitability solution—Dissolve accurately weighed quan-

tities of USP Carvedilol RS and USP Carvedilol Related Compound
C RS in Mobile phase to obtain a solution having known
concentrations of about 0.05 mg of each per mL.
Standard solution—Dissolve accurately weighed quantities of

each of USP Carvedilol RS, USP Carvedilol Related Compound A
RS, USP Carvedilol Related Compound B RS, USP Carvedilol
Related Compound C RS, USP Carvedilol Related Compound D
RS, and USP Carvedilol Related Compound E RS, in Mobile phase,
to obtain a solution having known concentrations of about 0.001 mg
per mL of each of USP Carvedilol RS and USP Carvedilol Related
Compounds A, B, D, and E RS, and 0.2 mg per mL of USP
Carvedilol Related Compound C RS.
Test solution—Prepare a solution of Carvedilol in Mobile phase

having a concentration of about 1 mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a dual wavelength detector
(use 220 nm for quantitating carvedilol related compound E and 240
nm for carvedilol and all other related compounds) and a 4.6-mm
6 15-cm column that contains 5-mm packing L7. The flow rate is
about 1.0 mL per minute. The column temperature is maintained at
558. Chromatograph the System suitability solution, and record the
peak responses as directed for Procedure: the resolution, R, between
carvedilol and carvedilol related compound C is not less than 17.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of carvedilol related compounds A, B, C,
D, and E in the portion of Carvedilol taken by the formula:

100(CS /CU) (ri / rS)

in which CS is the concentration, in mg per mL, of each of the known
impurities in the Standard solution; CU is the concentration, in mg
per mL, of Carvedilol in the Test solution; ri is the peak response of
each impurity obtained from the Test solution; and rS is the peak
response of each impurity obtained from the Standard solution. To
calculate the percentage of any other impurities, for CS in the
formula, use the concentration of USP Carvedilol RS.
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Table 1

Name

Relative
Retention
Time

Limit
(%)

Carvedilol related compound A1 0.52 0.1
Carvedilol related compound B2 8.5 0.1
Carvedilol 1.0 —
Carvedilol related compound C3 3.6 0.02
Carvedilol related compound D4 5.0 0.1
Carvedilol related compound E5 0.35 0.1
Any other individual impurity — 0.10

1 1-(4-(2-Hydroxy-3-(2-(2-methoxyphenoxy)ethylamino)propoxy)-9H-carba-
zol-9-yl)-3-(2-(2-methoxyphenoxy)ethylamino) propan-2-ol;
2 3,3’-(2-(2-Methoxyphenoxy)ethylazanediyl)bis(1-(9H-carbazol-4-yloxy)-
propan-2-ol).
3 1-(9H-Carbazol-4-yloxy)-3-(benzyl(2-(2-methoxyphenoxy)ethyl)amino)-
propan-2-ol.
4 4-(Oxiran-2-ylmethoxy)-9H-carbazole.
5 2-(2-Methoxyphenoxy)ethyl amine.

In addition to not exceeding the limits for impurities in Table 1, not
more than 0.5% of total impurities is found. [NOTE—Disregard any
impurity less than 0.01%, calculated using the Standard solution.]

TEST 2—

Solution A: a mixture of acetonitrile and trifluoroacetic acid
(100 : 0.1).
Solution B: a mixture of water and trifluoroacetic acid

(100 : 0.1).
Diluent: a mixture of water, acetonitrile, and trifluoroacetic acid

(78 : 22 : 0.1)
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed under Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).

System suitability solution—Dissolve an accurately weighed
quantity of USP Carvedilol System Suitability Mixture RS in
Diluent to obtain a solution having a known concentration of 1.0 mg
per mL.
Test solution—Prepare a solution of Carvedilol in Diluent having a

known concentration of about 1 mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 240-nm detector and a
4.6-mm 6 15-cm column that contains 5-mm packing of an
appropriate column designation.* The flow rate is about 1.4 mL per
minute. The column temperature is maintained at 308. The
chromatograph is programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–20 22 78 isocratic
20–33 22?38 78?62 linear gradient
33–45 38 62 isocratic
45–55 38?55 62?45 linear gradient
55–65 55 45 isocratic
65–68 55?22 45?78 linear gradient
68–80 22 78 re-equilibration

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the resolution, R, between
carvedilol and carvedilol related compound F is not less than 1.8.

Procedure—Inject about 20 mL of the Test solution into the
chromatograph, record the chromatogram, and measure the peak
responses. Calculate the percentage of carvedilol related compounds
in the portion of Carvedilol taken by the formula:

100(ri / rs)

in which ri is the peak response of each impurity obtained from the
Test solution; and rs is the sum of the peak responses of all the peaks
obtained from the Test solution. The relative retention times and the
limits of the individual impurities are provided in Table 2.

Table 2

Name

Relative
Retention
Time

Limit
(%)

Carvedilol related compound F1 1.2 0.1*
Carvedilol related compound C2 1.8 0.02
Carvedilol 1.0 —
N,O-Bis-carvedilol3 0.7 0.1
N,N-Bis-carvedilol4 2.1 0.1
N-Isopropylcarvedilol5 1.6 0.1
Biscarbazole6 3 0.1
Any other individual impurity — 0.1

1 1-(2-(2-Methoxyphenoxy)ethylamino)-3-(6,7,8,9-tetrahydro-5H-carbazol-
4-yloxy)propan-2-ol.
2 1-(9H-Carbazol-4-yloxy-3-benzyl[[2-(2-methoxyphenoxy)ethyl]amino]-2-
propanol.
3 1-[9-[3-[2-(2-Methoxyphenoxy)ethylamino]-2-hydroxypropyl]-9H-carba-
zol-4-yloxy]-3-[2-(2-methoxyphenoxy)ethylamino]-2-propanol.
4 1,1’-[2-(2-Methoxyphenoxy)ethyl]iminobis [3(9-H-carbazol-4-yloxy)]-2-
propanol.
5 1-(H-Carbazol-4-yloxy)-3-[[2-(2-methoxyphenoxy)ethyl]N-isopropylami-
no]-2-propanol.
6 1,3-Bis-(9H-carbazol-4-yloxy)-2-propanol.
* This impurity is quantitated using the test for Limit of carvedilol related
compound F.

In addition to not exceeding the limits for impurities in Table 2, not
more than 0.5% of total impurities is found.
Limit of carvedilol related compound F (if present)—

Solution A: a mixture of water and trifluoroacetic acid
(100 : 0.5).
Solution B: a mixture of methanol and trifluoroacetic acid

(100 : 0.5)
Mobile phase—Prepare a filtered and degassed mixture of

Solution A and Solution B (65 : 35).
Diluent—Prepare a mixture of water and acetonitrile (1 : 1).
System suitability solution—Dissolve an accurately weighed

quantity of USP Carvedilol System Suitability Mixture RS in
Diluent to obtain a solution containing 1.5 mg per mL.
Test solution—Accurately weigh a known quantity of Carvedilol

into a suitable volumetric flask, and add about 1.9 mL of Diluent per
mg of the Carvedilol. Sonicate briefly to dissolve. This solution has a
known concentration of about 1.5 mg of Carvedilol per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 226-nm detector and a
4.6-mm 6 30-cm column that contains 3-mm packing L7. The flow
rate is about 2 mL per minute. The column temperature is maintained
at 408. Chromatograph the System suitability solution, and record the
peak responses as directed for Procedure: the resolution, R, between
carvedilol and carvedilol related compound F is not less than 2.0.
Procedure—Inject about 10 mL of the Test solution into the

chromatograph, record the chromatogram, and measure the peak
responses. Calculate the percentage of carvedilol related compound
F in the portion of Carvedilol taken by the formula:

(100/F)(ri / rs)

in which ri is the peak response of carvedilol related compound F
obtained from the Test solution; rs is the sum of the peak responses
of carvedilol and carvedilol related compound F obtained from the
Test solution; and F is the relative response factor equal to 1.1.
Assay—
Buffer—Dissolve 2.72 g of monobasic potassium phosphate,

accurately weighed, in 1000 mL of water, and adjust with dilute
phosphoric acid to a pH of 2.0.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

and acetonitrile (69 : 31). Make adjustments if necessary (see System
Suitability under Chromatography h621i).
System suitability solution—Dissolve accurately weighed quan-

tities of USP Carvedilol RS and USP Carvedilol Related Compound
A RS in Mobile phase to obtain a solution having known
concentrations of about 0.05 mg of each per mL.

* A suitable column is Suplex pKb-100 manufactured by Suplex,
www.sigma-aldrich.com.
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Standard preparation—Dissolve an accurately weighed quantity
of USP Carvedilol RS in Mobile phase to obtain a solution having a
known concentration of about 0.04 mg per mL.
Assay preparation—Transfer an accurately weighed quantity of

about 20 mg of Carvedilol to a 100-mL volumetric flask, dissolve in
and dilute with Mobile phase to volume, and mix. In a standardized
volumetric flask transfer 10 mL of this solution, and further dilute
with Mobile phase to 50 mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 240-nm detector and a
4.6-mm 6 15-cm column that contains 5-mm packing L7. The flow
rate is about 1.0 mL per minute, and the run time is about 60
minutes. The column temperature is maintained at 558. Chromato-
graph the System suitability solution, and record the peak responses
as directed for Procedure: the resolution, R, between carvedilol and
carvedilol related compound A is not less than 4.0; the tailing factor
for carvedilol is not more than 1.5; and the relative standard
deviation for replicate injections is not more than 2%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the peak responses.
Calculate the percentage of C24H26N2O4 in the portion of Carvedilol
taken by the formula:

100(CS /CU) (rU / rS)

in which CS is the concentration, in mg per mL, of USP Carvedilol
RS in the Standard preparation; CU is the concentration, in mg per
mL, of Carvedilol in the Assay preparation; and rU and rS are the
peak responses obtained from the Assay preparation and the
Standard preparation, respectively..5

Add the following:

.Carvedilol Tablets

» Carvedilol Tablets contain not less than 90.0 percent
and not more than 110.0 percent of the labeled amount
of C24H26N2O4.

Packaging and storage—Preserve in tight, light-resistant containers
protected from moisture. Store at controlled room temperature.

Labeling—If a test for Dissolution other than Test 1 is used, then the
labeling states the test with which the article complies.
USP Reference standards h11i—USP Carvedilol RS.
Identification—
A: The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromatogram of
the Standard preparation, as obtained in the Assay.
B: Ultraviolet Absorption h197Ui—
Solution—Place about 10 Tablets in a 150-mL polypropylene

tube, and disintegrate the Tablets in methanol (about 100 mL for the
Tablet strengths 3.125, 6.25, and 25 mg, and about 50 mL for the
Tablet strength 12.5 mg) using a mechanical homogenizer. Transfer
the homogenate to an appropriate volumetric flask, and dilute with
methanol to volume to prepare a solution having a known
concentration of about 0.125 mg per mL. Pass through a suitable
PTFE 0.45-mm filter. The UV absorption spectrum in the range of
250 to 400 nm should compare with that of a Reference Standard
solution similarly prepared.[NOTE—Absorbances are measured using
a 0.2-cm cell.]
Dissolution h711i—

TEST 1—
Medium: hydrochloric acid adjusted to a pH of 1.45 +0.2; 900

mL, deaerated.

Apparatus 2: 50 rpm.
Time: 30 minutes.
Determine the amount of carvedilol dissolved employing the

following method.
Standard stock solution—Transfer about 7 mg, accurately

weighed, of USP Carvedilol RS to a 250-mL volumetric flask.
Add 5 mL of methanol, and sonicate until dissolved. Cool to room
temperature, dilute with Medium to volume, and mix well.
Working standard solution—Based on the label claim, and using

the Standard stock solution, prepare a solution of USP Carvedilol RS
having an appropriate concentration (Cs) as shown in Table 1 below.

Table 1

Label claim (mg) CS (mg per mL)

25 0.028
12.5 0.014
6.25 0.007
3.125 0.0035

Test solution—Pass a portion of the solution under test through a
suitable 0.45-mm filter.
Procedure—Determine the absorbance of the Working standard

solution and the Test solution at 285 nm and 380 nm using a 1-cm
cell, and Medium as the blank. Calculate the corrected absorbance of
the Working standard solution and the Test solution as follows:

in which Acorr is the corrected absorbance of the Working standard
solution or the Test solution; A285 is the absorbance of the Working
standard solution or the Test solution at 285 nm; and A380 is the
absorbance of the Working standard solution at 380 nm. Calculate
the percentage of carvedilol dissolved as follows:

in which AU is the absorbance obtained from the Test solution; AS is
the corrected absorbance obtained from the Working standard
solution; CS is the concentration, in mg per mL, of the Working
standard solution, corresponding to the label claim as shown in
Table 1; 900 is the volume, in mL, of Medium; 100 is the conversion
factor to percentage; and L is the Tablet label claim, in mg.
Tolerances—Not less than 80% (Q) of the labeled amount of

carvedilol is dissolved in 30 minutes.
TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.
Medium: simulated gastric fluid without enzymes; 900 mL.
Apparatus, Time, Standard stock solution, Working standard

solution, Test solution, and Procedure—Proceed as directed for Test
1.
Tolerances—Not less than 80% (Q) of the labeled amount of

carvedilol is dissolved in 30 minutes.
Uniformity of dosage units h905i: meet the requirements.
Buffer solution, Mobile phase, Diluent, Methanol solution, and

Chromatographic system—Prepare as directed in the Assay.
Standard solution—Prepare as directed for the Standard prepa-

ration in the Assay.
Test solution—Place 1 Tablet into a volumetric flask of appropriate

size, based on the label claim. Add water to the flask up to about
10% of volume, and shake by hand to disintegrate the Tablet. Fill the
flask up to 75% of volume with Diluent, and sonicate to obtain
complete disintegration (about 30 minutes). Shake on a mechanical
shaker for 30 minutes, allow to cool, and dilute with Diluent to
volume to obtain a solution having a known concentration of about
0.25 mg of carvedilol per mL, based on the label claim. Centrifuge
an appropriate amount of this solution for 10 minutes at 2400 rpm,
and transfer 4 mL of supernatant into a 100-mL volumetric flask. Fill
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the flask to about 85% of volume with Methanol solution, and
sonicate for 20 minutes, with intermittent shaking. Dilute with
Methanol solution to volume, and pass through a suitable 0.45-mm
syringe filter.
Procedure—Separately inject equal volumes (about 25 mL) of the

Test solution and the Standard solution into the chromatograph,
record the chromatograms, and measure the responses for the major
peaks. Calculate the quantity, in mg, of C24H26N2O4 in the Tablet
taken by the formula:

L(CS /CU)(rU / rS)

in which L is the labeled quantity, in mg, of carvedilol in the Tablet;
CS is the concentration, in mg per mL, of USP Carvedilol RS in the
Standard solution; CU is the concentration, in mg per mL, of
carvedilol in the Test solution based on the labeled quantity per
Tablet; and rU and rS are the carvedilol peak responses obtained from
the Test solution and the Standard solution, respectively.

Related compounds—
Buffer solution, Mobile phase, Methanol solution, Diluent and

Chromatographic system—Prepare as directed in the Assay.
Standard solution—Dilute quantitatively, and stepwise if neces-

sary, the Standard preparation from the Assay with a mixture of
water and Diluent (1 : 1) to obtain a solution having a known
concentration of about 1.25 mg per mL.
Test solution—Pipet 25 mL of the supernatant obtained in Step A

of the Assay preparation into a 50-mL volumetric flask, and dilute
with water to volume. Pass a portion of the solution through a
suitable 0.45-mm syringe filter, and use the filtrate.
Chromatographic system (see Chromatography h621i)—Proceed

as directed in the Assay. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the tailing
factor for the carvedilol peak is not more than 2.0; and the relative
standard deviation for replicate injections is not more than 3.0%.
Procedure—Separately inject equal volumes (about 15 mL) of the

Standard solution and the Test solution into the chromatograph.
Measure the responses of the carvedilol peak obtained from the
Standard solution and those of all the peaks from the Test solution,
other than that of carvedilol. Disregard the peaks with relative
retention times of less than or equal to 0.04 and peaks with less than
0.05% of the nominal carvedilol peak response in the Standard
solution. Calculate the percentage of related compounds in the
portion of the Tablets taken by the formula:

100(CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL, of USP Carvedilol
RS in the Standard solution; CU is the concentration, in mg per mL,
of carvedilol in the Test solution; ri is the sum of the peak responses
of all impurities obtained from the Test solution; and rS is the peak
response of carvedilol obtained from the Standard solution: not more
than 0.2% of any individual specified or unspecified impurity is
found; and not more than 1.0% of total impurities is found.

Assay—
Buffer solution—Transfer about 0.7 g of anhydrous monobasic

potassium phosphate to a 1000-mL volumetric flask. Dissolve in 500
mL of water, and add 10 mL of triethylamine. Adjust with
phosphoric acid to a pH of 3.0+ 0.1.
Mobile phase—Transfer about 1.04 g of sodium dodecyl sulfate

(SDS), accurately weighed, to a 2-L volumetric flask, dissolve in
about 150 mL of the Buffer solution, and sonicate. Add 720 mL of
acetonitrile, and dilute with water to volume. Pass the Mobile phase
through a 0.2-mm nylon 66 filter. Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Diluent—Prepare a mixture of methanol and 1M hydrochloric

acid (9 : 1).
Methanol solution—Prepare a mixture of methanol and water

(1 : 1), and mix well.
Standard preparation—Dissolve an accurately weighed quantity

of USP Carvedilol RS in a mixture of Diluent and water (9 : 1), and
sonicate until the solution is clear. Dilute quantitatively, and stepwise
if necessary, with Methanol solution to obtain a solution having a
known concentration of about 0.0125 mg per mL.
Assay preparation—
STEP A—Weigh and finely powder not fewer than 20 Tablets.

Transfer an accurately weighed portion of the powder, equivalent to
about 25 mg of carvedilol, to a 100-mL volumetric flask. Add 10 mL

of water, shake by hand, then add 70 mL of Diluent, and sonicate for
about 30 minutes. Shake on a mechanical shaker for about 30
minutes, and dilute with Diluent to volume to obtain a solution
having a known concentration of about 0.25 mg per mL. Centrifuge
an appropriate amount (about 50 mL) at 2000 rpm for 10 minutes.

STEP B—Pipet 10 mL of the supernatant into a 200-mL volumetric
flask, and dilute with Methanol solution to volume. Pass a portion of
the solution through a suitable 0.45-mm syringe filter, and use the
filtrate as the Assay preparation after discarding the first 5 mL of the
filtrate.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 240-nm detector and a
4.6-6 50-mm column that contains packing L7 and is maintained at
a temperature of 408. The flow rate is about 1 mL per minute, and the
run time is about 30 minutes. Chromatograph the Standard
preparation, and record the peak responses as directed for
Procedure: the tailing factor is not more than 2.0 for the carvedilol
peak; and the relative standard deviation for replicate injections is
not more than 2.0%.
Procedure—Separately inject equal volumes (about 25 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in percentage of the label
claim, of C24H26N2O4 in each Tablet taken by the formula:

100(CS / CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP Carvedilol
RS in the Standard preparation; CU is the nominal concentration, in
mg per mL, of carvedilol in the Assay preparation, based on the
label claim; and rU and rS are the carvedilol peak responses obtained
from the Assay preparation and the Standard preparation,
respectively..5

Dactinomycin

Change to read:

Specific rotation h781Si: .between –2938 and –3298 measured at
208..5
Test solution: 1 mg per mL, in methanol.

Fexofenadine Hydrochloride

Change to read:

Water, Method Ic h921i: not more than .2.0%.5 for the anhydrous
form; between 6.0% and 10.0% for the hydrate form. [NOTE—
‘‘Hydrate’’ refers to a mixture of dihydrate and trihydrate forms of
fexofenadine hydrochloride.]

Nifedipine Extended-Release Tablets

Change to read:

Dissolution h711i—
TEST 1—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 1.
Medium: water; 50 mL.
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Apparatus 7 (see Drug Release h724i): 15 to 30 cycles per
minute. Do not use the reciprocating disk, but use a 25-cm plexiglas
rod, the perimeter of the Tablets being affixed to the rod with a
water-insoluble glue. The solution containers are 25-mm test tubes,
150 to 200 mm in length, and the water bath is maintained at
37+ 0.58. At the end of each specified test interval, the systems are
transferred to the next row of new test tubes containing 50 mL of
fresh Medium.
Times: 4, 8, 12, 16, 20, and 24 hours.
Diluting solution: a mixture of methanol and water (1 : 1).
Standard solutions—Transfer about 50 mg of USP Nifedipine RS,

accurately weighed, to a 100-mL volumetric flask, dissolve in 50 mL
of methanol, dilute with water to volume, and mix to obtain a
Standard stock solution. Quantitatively dilute this Standard stock
solution with Diluting solution to obtain solutions having suitable
known concentrations.
Test solution—Use portions of the solution under test, passed

through a 0.4-mm filter, suitably diluted with methanol, and stepwise,
if necessary, with Diluting solution to obtain a final mixture
consisting of equal parts of methanol and water.
Procedure—Determine the amount of C17H18N2O6 released in the

Test solution at each 4-hour interval by employing UV absorption at
the wavelength of maximum absorbance at about 338 nm, in 0.5-cm
cells. [NOTE—For the 4-hour time period, determine the absorbance
at 456 nm, and use this determination to correct for excipient
interference.]
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6), released in vivo and dissolved at the times
specified, conform to Acceptance Table 2.

Time (hours) Amount dissolved*

4 between 5% and 17%
8 —
12 between 43% and 80%
16 —
20 —
24 not less than 80%

* The amount dissolved is expressed in terms of the labeled Tablet strength
rather than in terms of the labeled total contents.

TEST 2—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 2.
Buffer concentrate—Transfer 330.9 g of dibasic sodium phosphate

and 38 g of citric acid to a 1-L volumetric flask, add water to
dissolve, add 10 mL of phosphoric acid, dilute with water to volume,
and mix.
Medium—Mix 125.0 mL of Buffer concentrate and 1 L of 10%

sodium lauryl sulfate solution, and dilute to 10 L. Adjust if necessary
to a pH of 6.8; 900 mL.
Apparatus 2: 50 rpm, with sinkers (see Figure 1).

Figure 1

Times: 3, 6, and 12 hours.
Determine the amount of nifedipine (C17H18N2O6) dissolved by

employing the following method.

Mobile phase—Prepare a filtered and degassed mixture of
acetonitrile and water (70 : 30). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Standard solution—Dissolve an accurately weighed quantity of

USP Nifedipine RS in methanol to obtain a solution having a known
concentration of about 1.11 mg per mL. Dilute quantitatively and
stepwise with Medium to obtain a solution having a known
concentration of 0.1 mg per mL.
Chromatographic system—The liquid chromatograph is equipped

with a 350-nm detector and a 4.0-mm 6 125-mm column that
contains 3-mm packing L1. The flow rate is about 1.5 mL per minute.
The column is maintained at about 408. Chromatograph the Standard
solution, and record the peak responses as directed for Procedure:
the column efficiency is not less than 2000 theoretical plates; the
tailing factor is not more than 1.5; and the relative standard deviation
for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of

filtered portions of the Standard solution and the solution under test
into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Determine the amount of nifedipine
(C17H18N2O6) dissolved.
Tolerances—The percentages of the labeled amount of nifedipine

(C17H18N2O6) released in vivo and dissolved at the times specified
conform to Acceptance Table 2.

Time (hours) Amount dissolved

3 between 10% and 30%
6 between 40% and 65%
12 not less than 80%

TEST 3—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 3.

FOR TABLETS LABELED TO CONTAIN 30MG OF NIFEDIPINE—
Phase 1:
Medium: 0.05M phosphate buffer, pH 7.5; 900 mL.
Apparatus 2: 100 rpm.
Time: 1 hour.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.034 mg of USP
Nifedipine RS per mL. [NOTE—If necessary, a volume of methanol,
not exceeding 10% of the final volume, can be used to help
solubilize nifedipine.]
Procedure—[NOTE—After the run, take the Tablet out of the

dissolution vessel, adapt a sinker to it, and transfer the Tablet with
the sinker to the dissolution vessel containing the Medium for Phase
2.] Determine the amount of C17H18N2O6 released in Phase 1 from
UV absorbances at the wavelength of maximum absorbance at about
238 nm, using filtered portions of the solution under test, in
comparison with the Standard solution, using the Medium as the
blank.
Phase 2:
Medium: 0.5% sodium lauryl sulfate in simulated gastric fluid

without enzyme, pH 1.2; 900 mL.
Apparatus 2: 100 rpm.
Times: 1, 4, 8, and 12 hours.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.034 mg of USP
Nifedipine RS per mL. [NOTE—If necessary, a volume of methanol,
not exceeding 10% of the final volume, can be used to help
solubilize nifedipine.]
Procedure—Determine the amount of C17H18N2O6 released in

Phase 2 from UV absorbances at the wavelength of maximum
absorbance at about 238 nm using filtered portions of the solution
under test, in comparison with the Standard solution, using Medium
as the blank.
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6), released in vivo and dissolved at the times
specified, conform to Acceptance Table 2.

Time (hours) Amount dissolved*

1 not more than 30%
4 between 30% and 55%
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Time (hours) Amount dissolved*

8 not less than 60%
12 not less than 80%

* For each dosage unit, add the amount dissolved in phosphate buffer, pH 7.5
from Phase 1 to the amount dissolved at each time point in Phase 2.

FOR TABLETS LABELED TO CONTAIN 60MG OF NIFEDIPINE—
Phase 1:
Medium: 0.05M phosphate buffer, pH 7.5; 900 mL.
Procedure—[NOTE—After the run, take the Tablet out of the

dissolution vessel, adapt a sinker to it, and transfer the Tablet with
the sinker to the dissolution vessel containing the Medium for Phase
2.] Determine the amount of C17H18N2O6 released in Phase 1 from
UVabsorbances at the wavelength of maximum absorbance at about
238 nm using filtered portions of the solution under test, in
comparison with the Standard solution, using the Medium as the
blank.
Apparatus 2: 100 rpm.
Time: 25 minutes.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.067 mg of USP
Nifedipine RS per mL. If necessary, a volume of methanol, not
exceeding 10% of the final volume, can be used to help solubilize
nifedipine.
Phase 2:
Medium: 0.5% sodium lauryl sulfate in simulated gastric fluid

without enzyme, pH 1.2; 900 mL.
Apparatus 2: 100 rpm.
Times: 1, 4, 8, and 12 hours.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.067 mg of USP
Nifedipine RS per mL. [NOTE—If necessary, a volume of methanol,
not exceeding 10% of the final volume, can be used to help
solubilize nifedipine.]
Procedure—Determine the amount of C17H18N2O6 released in

Phase 2 from UV absorbances at the wavelength of maximum
absorbance at about 238 nm, using filtered portions of the solution
under test, in comparison with the Standard solution, using Medium
as the blank.
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6), released in vivo and dissolved at the times
specified, conform to Acceptance Table 2.

Time (hours) Amount dissolved*

1 not more than 30%
4 between 40% and 70%
8 not less than 70%
12 not less than 80%

* For each dosage unit, add the amount dissolved in phosphate buffer, pH 7.5
from Phase 1 to the amount dissolved at each time point in Phase 2.

TEST 4—If the product complies with this test, the labeling
indicates that the product meets USP Dissolution Test 4.
Medium: 0.5% sodium lauryl sulfate in simulated gastric fluid

without enzyme, pH 1.2; 900 mL.
Apparatus 2: 100 rpm.
Times: 1, 4, and 12 hours.
Standard solution—Prepare a solution in Medium having an

accurately known concentration of about 0.067 mg of USP
Nifedipine RS per mL for Tablets labeled to contain 60 mg, and
of about 0.034 mg of USP Nifedipine RS per mL for Tablets labeled
to contain 30 mg. [NOTE—If necessary, a volume of methanol, not
exceeding 10% of the final volume, can be used to help solubilize
nifedipine.]

Procedure—Determine the amount of C17H18N2O6 released from
UV absorbances at the wavelength of maximum absorbance at about
238 nm using filtered portions of the solution under test, in
comparison with the Standard solution, using the Medium as the
blank.
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6), released at the times specified, conform to
Acceptance Table 2.

FOR TABLETS LABELED TO CONTAIN 30 MG OF NIFEDIPINE

Time (hours) Amount dissolved

1 between 12% and 35%
4 between 44% and 67%
12 not less than 80%

FOR TABLETS LABELED TO CONTAIN 60 MG OF NIFEDIPINE

Time (hours) Amount dissolved

1 between 10% and 30%
4 between 40% and 63%
12 not less than 80%

TEST 5—If the product complies with this test, the labeling
indicates that the product meets USP Dissolution Test 5.
Medium: water; 50 mL.
Apparatus 7 (see Drug Release h724i)—Use a 25-cm Plexiglas

rod, the perimeter of the Tablets being affixed to the rod with a
water-insoluble glue; 30 dips per minute. The solution containers are
25-mm test tubes, 150 to 200 mm in length, and the water bath is
maintained at 37+ 0.58.
Times: 4, 12, and 24 hours.
Diluting solution 1—Prepare a mixture of methanol and

acetonitrile (1 : 1).
Diluting solution 2—Prepare a mixture of Diluting solution 1 and

water (1 : 1).
Standard solutions—Transfer about 50 mg of USP Nifedipine RS,

accurately weighed, to a 100-mL volumetric flask, dissolve in 50 mL
of Diluting solution 1, dilute with water to volume, and mix.
Quantitatively dilute this solution with Diluting solution 2 to obtain
solutions having known concentrations of 0.01 mg per mL, 0.05 mg
per mL, and 0.20 mg per mL that are used at 4, 12, and 24 hours
sampling, respectively.
Procedure—[NOTE—For the 4-hour time period, filter the solution

under test, and determine the absorbance at 456 nm. Use this
absorbance value to correct for excipient interference at the other
time points.] Determine the amount of nifedipine released at each
interval by employing UVabsorption at the wavelength of maximum
absorbance at about 338 nm on portions of the solution under test
passed through a suitable 0.45-mm filter, suitably diluted, if
necessary, with Diluting solution 1 and water to obtain a final
mixture of water, methanol, and acetonitrile (2 : 1 : 1), in comparison
with the appropriate Standard solution, using 0.5-cm cells, and
Diluting solution 2 as the blank.
Tolerances—The cumulative percentages of the labeled amount of

nifedipine, released in vivo and dissolved at the times specified,
conform to Acceptance Table 2.

Time (hours) Amount dissolved

4 not more than 14%
12 between 39% and 75%
24 not less than 75%
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.TEST 6—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 6.
Medium: simulated gastric fluid without enzyme containing

0.5% of sodium lauryl sulfate, pH 1.2; 900 mL, deaerated.
Apparatus 1: 100 rpm.
Times: 1, 4, and 12 hours.
Standard stock solution—Prepare a solution in methanol having

an accurately known concentration of about 0.33 mg of USP
Nifedipine RS per mL.
Working standard solution—Quantitatively dilute the Standard

stock solution with Medium to obtain a solution having a
concentration of about 0.033 mg per mL.
Test solution—Pass a portion of the solution under test through a

suitable filter having a porosity of 0.45 mm.
Procedure—Determine the amount of C17H18N2O6 dissolved at

each time point by employing UV absorption at the wavelength of
maximum absorbance at about 329 nm on portions of the Test
solution in comparison with the Working standard solution, using a
cell with a path length of 0.5 cm and using Medium as the blank.
Tolerances—The cumulative percentages of the labeled amount of

nifedipine (C17H18N2O6) dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 not more than 15%
4 between 20% and 40%
12 not less than 80%

.5

GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

h11i USP REFERENCE
STANDARDS

Add the following:

.USP Carvedilol System Suitability Mixture RS —Mixture of
approximately 0.1% carvedilol related compound F (1-(2-(2-
methoxyphenoxy)ethylamino)-3-(6,7,8,9-tetrahydro-5H-carbazol-4-
yloxy) propan-2-ol) in a matrix of carvedilol drug substance..5
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or pending
official publication ofUSP–NF. If necessary, this list will be updated with every issue of PF. This information will also be available as a cumulative
table in future Supplements and will appear in its corrected form in a future annual edition of USP–NF. Errata are considered to be items erro-
neously published that have not received the approval of the Council of Experts and that do not reflect the official requirement. USP staff is
available to respond to questions regarding the accuracy of a particular requirement by calling 1-800-822-USPC.

USP31–NF26
Page Title Section Description

1290 Acetaminophen and
Codeine Phosphate
Oral Suspension

Identification Line 3 under test A: Change ‘‘Standard preparations, as
obtained in the Assay for acetaminophen and the Assay
for codeine phosphate, respectively, under Aceta-
minophen and Codeine Phosphate Oral Solution.’’ to:
Standard preparation, as obtained in the Assay.

1716 Cetylpyridinium Chloride
Topical Solution

Identification Line 4 under test B: Change ‘‘Identification tests A, B,
and C under Cetylpyridinium Chloride.’’ to: Identifica-
tion test C under Cetylpyridinium Chloride.

3138 Pyridoxine Hydrochloride
Tablets

Dissolution Line 3 under Procedure: Change ‘‘and thiamine under’’
to: and thiamine, Method 1 under

3179 Riboflavin Tablets Dissolution Line 3 under Procedure: Change ‘‘and thiamine under’’
to: and thiamine, Method 1 under

3383 Thiamine Hydrochloride
Tablets

Dissolution Line 3 under Procedure: Change ‘‘and thiamine under’’
to: and thiamine, Method 1 under
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IN-PROCESS REVISION
This section contains proposals for adoption as officialUSP or NF standards (either proposed new standards or proposed revisions of

current USP or NF standards). These may be any of the following: (1) items that previously appeared under Pharmacopeial Pre-

views and are now formally proposed as revisions, (2) proposed revisions placed directly under In-Process Revision, or (3) mod-

ifications of revisions previously proposed under In-Process Revision. Readers should review material in this section and provide

comments to the staff liaison (use the Staff Directory to find the contact information). Information on how to comment is found in the

Policies and Announcements section. It is important to send comments promptly so that the Committee members can consider read-

ers’ input as they are deciding whether to advance standards to official status.

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the
revision. Other relevant information. (For example, if a chromatographic method is being proposed, column spe-
cifications and retention times for compounds of interest.) Finally, the Committee designation (see How to Use
PF), the name of the scientific staff liaison who handled the particular issue, and the USP tracking correspondence
number, as shown in the example below:

(DSN: L. Evans) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. New text (if any) follows,

and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type (print edition only), as

shown in the examples below:

.new text.

if slated for an Interim Revision Announcement to USP 30–NF 25 (IRA);

~

new text
~USP31

if slated for USP 31–NF 26; and

&new text&

if slated for a Supplement to USP–NF. The same symbols not set off by an extra paragraph break and enclosing text with no increase

in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed text, such as . . or
&

& or
~

~
, it means that text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is

accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as the publication where the

revision will appear if approved. For example, .2 indicates that the revision is proposed for the Interim Revision Announcement that

will appear in issue 2 of a given PF volume, &2S (USP 30) indicates that the proposed revision is slated for the Second Supplement to

USP 30, and
~USP31 and ~NF26 indicate that the revisions are proposed for USP 31 and NF 26, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title stated after

that specification will be substituted for the former title in the appropriate places throughout that monograph once this revision

becomes official.
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MONOGRAPHS (USP)

BRIEFING

Acetaminophen, USP 31 page 1268; Aspirin, USP 31 page
1447; Benzocaine, USP 31 page 1500; Benzoic Acid, USP 31 page
1505; Chloral Hydrate, USP 31 page 1716; Anhydrous Citric
Acid, USP 31 page 1781; Citric Acid Monohydrate, USP 31 page
1783; Cocaine, USP 31 page 1836; Cocaine Hydrochloride, USP
31 page 1837; Codeine, USP 31 page 1841; Codeine Sulfate, USP
31 page 1842; Dicyclomine Hydrochloride, USP 31 page 1946;
Dopamine Hydrochloride, USP 31 page 2012; Halazone, USP 31
page 2315; Lactic Acid, USP 31 page 2496; Niacinamide, USP 31
page 2800; Physostigmine, USP 31 page 3001; Physostigmine
Salicylate, USP 31 page 3001; Pilocarpine Hydrochloride, USP 31
page 3006; Pilocarpine Nitrate, USP 31 page 3007; Thimerosal,
USP 31 page 3386. A revision is proposed to modify the general
chapter Readily Carbonizable Substances Test h271i to replace the
use of sulfuric acid TS with sulfuric acid ACS reagent grade (see
Limit Tests under General Chapters, Chemical Tests and Assays on
page 1258 of PF 33(6) [Nov.–Dec. 2007]). To be consistent with the
general chapter, it is proposed to revise each affected monograph to
reflect this change.

(MD-CCA: C. Anthony; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 0.50 g in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid A.

BRIEFING

Amifostine, USP 31 page 1377. On the basis of comments
received, it is proposed to delete the test for X-ray diffraction,
because specific Identification tests (Infrared Absorption, HPLC
retention times comparison) establish the correct identity of the
product. In addition, this drug substance is not known to have any
solubility or toxicity issues related to polymorphic forms, where an
X-ray test is justified.

(MD-CV: S. Ramakrishna) RTS—C61913

Delete the following:

&X-ray diffraction h941i—Its X-ray diffraction pattern conforms to
that of USP Amifostine RS, similarly determined.&2S (USP32)

BRIEFING

Amlodipine Besylate, USP 31 page 1400. It is proposed to add a
hydrated form of Amlodipine Besylate to the monograph. This
proposal is consistent with the policy relating to inclusion of
different degrees of hydration, which was approved by the Council
of Experts Executive Committee in January 2005, and was published
on page 690 of PF 31(3) [May–June 2005] under Policies and
Announcements. The test for Water is revised to provide separate
requirements for the anhydrous and hydrate forms of the drug, and a
Labeling requirement is added if the hydrate form is used. The
Definition is revised to reflect both anhydrous and hydrated forms.

(MD-CV: S. Ramakrishna) RTS—C66012

Change to read:

C20H25ClN2O5 �C6H6O3S 567.05
3,5-Pyridinedicarboxylic acid, 2-[(2-aminoethoxy)methyl]-4-(2-

chlorophenyl)-1,4-dihydro-6-methyl-, 3-ethyl 5-methyl ester,
(+)-, monobenzenesulfonate.

3-Ethyl 5-methyl (+)-2-[(2-aminoethoxy)methyl]-4-(o-chlorophe-
nyl)-1,4-dihydro-6-methyl-3,5-pyridinedicarboxylate, mono-
benzenesulfonate [111470-99-6].

&Monohydrate 585.07&2S (USP32)

Change to read:

» Amlodipine Besylate

&is anhydrous or hydrated and&2S (USP32)

contains not less than 97.0 percent and not more than
102.0 percent of C20H25ClN2O5 �C6H6O3S, calculated on
the anhydrous basis.

Add the following:

&Labeling—Where it is the hydrated form, the label so

indicates.&2S (USP32)

Change to read:

Water, Method I h921i: not more than 0.5%

&for the anhydrous form. If labeled as the hydrated form, the

limit is between 3.1% and 5.0%.&2S (USP32)
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BRIEFING

Amlodipine Besylate Tablets. Because there is no existing USP
monograph for this drug product, a new monograph is being
proposed based on the validated methods. The liquid chromato-
graphic procedures in the Assay and the test for Related compounds
are performed using the Novapack brand of column containing 5-mm
packing L1. The typical retention time for amlodipine is about 8.5
minutes under the specified conditions for the Assay.

(MD-CV: S. Ramakrishna; BPC: M. Marques) RTS—C56391

Add the following:

&Amlodipine Besylate Tablets

» Amlodipine Besylate Tablets contain not less

than 90 percent and not more than 110 percent of

the labeled amount of amlodipine (C20H25N2O5Cl).

Packaging and storage—Preserve in tight, light-resistant

containers. Store at controlled room temperature.

USP Reference standards h11i—USP Amlodipine Besylate

RS. USP Amlodipine Related Compound A RS.

Identification—

A: Ultraviolet Absorption h197Ui—The spectrum of the

Test solution corresponds to that of the Standard solution, as

obtained in the test for Dissolution.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

of the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

[NOTE—Do not expose any of the solutions to stainless steel

because of the degradation of amlodipine.]

Medium: 0.01M hydrochloric acid; 500 mL.

Apparatus 2: 75 rpm. Use paddles covered with Teflon or

made of any inert material except stainless steel.

Time: 30 minutes.

Standard solution A—Transfer about 35.0 mg, accurately

weighed, of USP Amlodipine Besylate RS to a 250-mL

volumetric flask. Dissolve in 10 mL of methanol, and dilute

with Medium to volume.

Standard solution B—Prepare as directed for Standard

solution A.

Working standard solutions—

FORTABLETS LABELED TO CONTAIN 2.5 MG—Transfer 5.0 mL

of Standard solution A to a 200-mL volumetric flask, and

dilute with Medium to volume. Transfer 5.0 mL of Standard

solution B to a 100-mL volumetric flask, and dilute with

Medium to volume.

FOR TABLETS LABELED TO CONTAIN 5 MG—Transfer 5.0 mL

of Standard solution A to a 100-mL volumetric flask, and

dilute with Medium to volume. Transfer 10.0 mL of Standard

solution B to a 100-mL volumetric flask, and dilute with

Medium to volume.

FOR TABLETS LABELED TO CONTAIN 10 MG—Transfer 10.0

mL of Standard solution A to a 100-mL volumetric flask, and

dilute with Medium to volume. Transfer 10.0 mL of Standard

solution B to a 50-mL volumetric flask, and dilute with

Medium to volume.

Calculate the absorptivity:

at 237 nm for each Working standard solution using the

formula:

in which DF is the dilution factor of the Working standard

solution; and P is the purity, in percentage, of the USP

Amlodipine RS.
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Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Procedure—Determine the amount of amlodipine besylate

dissolved by employing UV absorption at the wavelength of

maximum absorbance at about 237 nm on portions of the Test

solution in comparison with the Standard solution, using a 1-

cm path length cell and Medium as the blank. Calculate the

percentage of amlodipine dissolved by the formula:

in which AU is the absorbance obtained from the Test solution;

CS is the concentration, in mg per mL, of the Standard

solution; 500 is the volume, in mL, of Medium; 408.9 is the

molecular weight of amlodipine; 100 is the conversion factor

to percentage;

is the absorptivity previously calculated; L is the Tablet label

claim, in mg; and 567.1 is the molecular weight of

amlodipine besylate.

Tolerances—Not less than 75% (Q) of the labeled amount

of amlodipine is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Mobile phase, Buffer solution, and Chromatographic

system—Proceed as directed in the Assay.

System suitability solution—Use System suitability prepa-

ration.

Standard solution—Use the System suitability preparation,

prepared as directed in the Assay.

Test solution—Place a suitable number of Tablets into a 25-

mL volumetric flask to obtain a solution having a final

nominal concentration of 0.4 mg per mL of amlodipine. Add

about 10 mL of Mobile phase to the flask. Swirl to

disintegrate the Tablet(s) followed by sonication for about

five minutes for complete dissolution, and then cool the

samples to room temperature. Dilute with Mobile phase to

volume. Stir for an additional 15 minutes using a magnetic

stir bar, and pass the sample through a 0.45-mm syringe tip

filter discarding the first 5 mL.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all of

the peak responses. Calculate the percentage of amlodipine

related compound A in the portion of the Tablets taken by the

formula:

100(CS /CU)(rU / rS)(MW1/MW2)

in which CS is the concentration, in mg per mL, of USP

Amlodipine Related Compound A RS in the Standard

solution; CU is the nominal concentration, in mg per mL, of

amlodipine in the Test solution; rU is the peak response for

amlodipine related compound A obtained from the Test

solution, rS is the peak response of amlodipine related

compound A in the Standard solution; and MW1 and MW2

are the molecular weights of amlodipine related compound A

equal to 406.87 and amlodipine related compound A fumarate

equal to 522.95, respectively. Calculate the percentage of any

other individual impurity in the portion of Tablets taken by

the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Amlodipine Besylate RS in the Standard solution; CU is the

nominal concentration, in mg per mL, of amlodipine in the

Test solution; rU is the peak response for each individual

impurity obtained from the Test solution; and rS is the peak
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response of amlodipine obtained from the Standard solution.

The specified and unspecified impurities meet the limits

specified in Table 1.

Table 1

Component

Relative

Retention Tme

Limit

(%)

Amlodipine related

compound A*

0.5 1.0

Amlodipine besylate 1 —

Any other individual

unspecified degradation

product

— 0.10

* 3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-
6-methyl-3,5-pyridinedicarboxylate].

Assay—

Buffer solution—Pipette 7.0 mL of triethylamine into a

1000-mL flask containing approximately 900 mL of water.

Adjust the solution with phosphoric acid to a pH of 3.0+ 0.1.

Dilute with water to volume, and mix well.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution, methanol, and acetonitrile (50 : 35 : 15). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability preparation—Transfer accurately

weighed known quantities of USP Amlodipine Besylate RS

and USPAmlodipine Related Compound A RS into a suitable

volumetric flask, and dissolve in Mobile phase to obtain a

solution having a known concentration of about 0.02 mg per

mL of amlodipine and 0.002 mg per mL of amlodipine related

compound A, respectively.

Standard preparation—Dissolve an accurately weighed

quantity of USP Amlodipine Besylate RS in Mobile phase,

and dilute quantitatively, and stepwise if necessary, with

Mobile phase to obtain a solution having a known

concentration of about 0.02 mg per mL of amlodipine.

Assay preparation—Place 5 Tablets into a 500-mL

volumetric flask. Add 50 mL of Mobile phase to the flask,

and swirl to disintegrate the Tablet. Add approximately 300

mL of additional Mobile phase, stopper the flask, and shake

on a reciprocating shaker for about 30 minutes. Dilute with

Mobile phase to volume, and mix well. Further dilute

quantitatively and stepwise, if necessary, to obtain a

concentration of 0.02 mg per mL of amlodipine. Pass the

sample through a 0.45-mm syringe tip filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 237-nm detector

and a 3.9-mm 615-cm column that contains 5-mm packing

L1. The flow rate is about 1 mL per minute. The run time is

about three times the retention of the amlodipine peak.

Chromatograph the System suitability preparation, and record

the peak responses as directed for Procedure: the resolution,

R, between amlodipine and amlodipine related compound A

is not less than 8.5; the tailing factor is not more than 2.0 for

both the amlodipine and amlodipine related compound A; and

the relative standard deviation for replicate injections of the

System suitability preparation is not more than 1.0% for

amlodipine and not more than 5.0% for amlodipine related

compound A.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for amlodipine. Calculate the percentage of

amlodipine free base (C20H25N2O5Cl), based on the label

claim, in the portion of Tablets taken by the formula:

100(CS /CU)(rU / rS)(1/L)

in which CS is the concentration, in mg per mL, of USP

Amlodipine Besylate RS in the Standard preparation; CU is

the number of tablets per mL in the Assay preparation; L is

the label claim in mg per tablet; and rU and rS are the peak

responses of amlodipine in the Assay preparation and the

Standard preparation, respectively.&2S (USP32)
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BRIEFING

Ampicillin, USP 31 page 1416. On the basis of comments
received, it is proposed to revise the monograph as follows:
1. The Definition was revised to indicate that the Assay result is to

be reported on the anhydrous basis rather than the dried basis
since the monograph contains a test for Water and not a test for
Loss on Drying.

2. The USP Reference standards section was revised to include
USP Amoxicillin RS which is used to determine system
suitability in the Assay and the test for Related compounds.

3. A test for Related compounds was added based on a validated
method of analysis.

4. The Assay was revised based on a validated method of analysis.
The HPLC method in the Assay and test for Related compounds
is based on analyses performed using a Lichrosorb RP-18 brand
of L1 column. The typical retention time for ampicillin is about
5 minutes.

(MD-ANT: A. Wise) RTS—C47710

Change to read:

» Ampicillin is anhydrous or contains three molecules
of water of hydration. It contains not less than 900 mg
and not more than 1050 mg of C16H19N3O4S per mg,
calculated on the dried

&anhydrous&2S (USP32)

basis.

Change to read:

USP Reference standards h11i—USP Ampicillin RS. USP Ampi-
cillin Trihydrate RS.

&USP Amoxicillin RS.&2S (USP32)
USP Endotoxin RS.

Add the following:

&Related compounds—[NOTE—The Standard solution and

Test solution should be analyzed immediately after prepara-

tion.]

Phosphate buffer pH 5.5, Solution A, Solution B, Mobile

phase, Phosphate buffer pH 6.5, System suitability solution—

Prepare as directed for the Assay.

Stock standard solution—Prepare as directed for the

Standard preparation in the Assay.

Standard solution—Transfer an accurately measured

volume of the Stock standard solution to a suitable volumetric

flask, add Phosphate buffer pH 6.5, using about 5% of the

final volume, dilute with water to volume, and mix to obtain a

solution having a known concentration of about 0.005 mg of

ampicillin per mL.

System sensitivity solution—Transfer an accurately mea-

sured volume of the Standard solution to a suitable

volumetric flask, add Phosphate buffer pH 6.5, using about

5% of the final volume, dilute with water to volume, and mix

to obtain a solution having a known concentration of about

0.0005 mg of ampicillin per mL.

Test solution—Prepare as directed for the Assay prepara-

tion.

Chromatographic system (see System Suitability under

Chromatography h621i)—Prepare the system as directed for

the Assay. Chromatograph the System sensitivity solution, and

record the peak responses as directed for Procedure: the

signal-to-noise ratio for the ampicillin peak is not less than 3.

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the resolution, R,

between the ampicillin and amoxicillin peaks is not less than

10 and the tailing factor for the ampicillin peak is not more

than 1.4. Chromatograph the Standard solution, and record

the peak responses as directed for Procedure: the relative

standard deviation of the ampicillin peak for replicate

injections is not more than 10.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, and measure the peak area responses for all

the peaks. Calculate the percentage of each related compound

in the portion of Ampicillin taken by the formula:

(CS /CU)(ri / rs)(P / 1000)(100)

in which CS is the concentration, in mg per mL, of USP

Ampicillin RS in the Standard solution; CU is the nominal

concentration, in mg per mL, of ampicillin in the Test

solution; ri is the peak area for any impurity obtained from the

Test solution; rs is the peak area for ampicillin obtained from

the Standard solution; and (P / 1000) is the potency,

converted from mg per mg to mg per mg, of USP Ampicillin

RS. The impurities meet the limits in Table 1.
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Change to read:

Assay—
Mobile phase—Prepare a suitable filtered and degassed mixture of

water, acetonitrile, 1M monobasic potassium phosphate, and 1N
acetic acid (909 : 80 : 10 : 1). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Diluent—Mix 10 mL of 1M monobasic potassium phosphate and

1 mL of 1N acetic acid, dilute with water to 1000 mL, and mix.
Standard preparation—Dissolve a suitable quantity of USP

Ampicillin RS, accurately weighed, in Diluent to obtain a solution
having a known concentration of about 1 mg per mL, using shaking
and sonication, if necessary, to achieve complete dissolution. Use
this solution promptly after preparation.
Assay preparation—Transfer an accurately weighed quantity of

Ampicillin, equivalent to about 100 mg of anhydrous ampicillin, to a
100-mL volumetric flask, add about 75 mL of Diluent, shake and
sonicate, if necessary, to achieve complete dissolution, dilute with
Diluent to volume, and mix. Use this solution promptly after
preparation.
Resolution solution—Dissolve caffeine in Standard preparation to

obtain a solution containing about 0.12 mg per mL.

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 254-nm detector, a 4-mm
6 5-cm pre-column containing 5- to 10-mm packing L1, and a 4-mm
6 30-cm analytical column containing 5- to 10-mm packing L1. The
flow rate is about 2 mL per minute. Chromatograph the Resolution
solution, and record the peak responses as directed for Procedure:
the resolution, R, between the caffeine and the ampicillin peaks is not
less than 2.0. The relative retention times are about 0.5 for ampicillin
and 1.0 for caffeine. Chromatograph the Standard preparation, and
record the peak responses as directed for Procedure: the capacity
factor, k’, is not more than 2.5, the tailing factor is not more than 1.4,
and the relative standard deviation for replicate injections is not more
than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of ampicillin
(C13H19NO4S) in each mg of the Ampicillin taken by the formula:

100(CP /W)(rU / rS)

in which C is the concentration, in mg per mL, of USP Ampicillin
RS in the Standard preparation; P is the potency, in mg of ampicillin
per mg, of USPAmpicillin RS; W is the weight, in mg, of Ampicillin
taken; and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively.

Table 1

Compound Relative Retention Time Limit (% w/w)

D-Phenylglycine1 0.27 0.5

6-Aminopenicillanic acid2
0.31 0.5

Ampicilloic acid3
0.45 1.0

Ampicillin thiazepine analog4
0.65 0.3

Ampicillin 1.0 —

Ampicillin rearrangement product (isomer 1)5 1.8 0.4

Ampicillin rearrangement product (isomer 2)5 2.0 0.3

Ampicillin oligomer 26
2.2 0.6

D-Phenylglycylampicillin7
2.5 0.8

Ampicillin oligomer 1 (dimer)8 2.6 1.0

Ampicillin oligomer 1 (trimer)9 2.9 0.4

Any individual unspecified impurity — 0.25

Total impurities — 3.0

1 (R)-2-amino-2-phenylacetic acid.
2 (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
3 (4S)-2-{[(R)-2-amino-2-phenylacetamido](carboxy)methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
4 (S)-6-[(R)-2-amino-2-phenylacetamido]-2,2-dimethyl-7-oxo-2,3,4,7-tetrahydro-1,4-thiazepine-3-carboxylic acid.
5 (4S)-2-(3,6-Dioxo-5-phenylpiperazin-2-yl)-5,5-dimethylthiazolidine-4-carboxylic acid.
6 (4S)-2-{1-[(R)-2-amino-2-phenylacetamido]-2-[(1R)-2-{carboxy[(4S)-4-carboxy-5,5-dimethylthiazolidin-2-yl]methylamino}-2-oxo-1-pheny-
lethylamino]-2-oxoethyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
7 (2S,5R,6R)-6-{(R)-2-[(R)-2-amino-2-phenylacetamido]-2-phenylacetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-car-
boxylic acid.
8 2S,5R,6R)-6-[(2R)-2-{2-[(R)-2-amino-2-phenylacetamido]-2-[(4S)-4-carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-phenylacetamido]-
3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
9 (4S,4’S)-2,2’-{(1R,7R,13R)-1-amino-14-[(2S,5R,6R)-2-carboxy-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptan-6-ylamino]-
2,5,8,11,14-pentaoxo-1,7,13-triphenyl-3,6,9,12-tetraazatetradecane-4,10-diyl}bis(5,5-dimethylthiazolidine-4-carboxylic acid).

&2S (USP32)
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&[NOTE—The Standard preparation and the Assay prepara-

tion should be analyzed immediately after preparation.]

Phosphate buffer pH 5.5—Transfer about 6.54 g of

monobasic potassium phosphate and 0.34 g of dibasic

potassium phosphate to a 1000-mL volumetric flask, dissolve

in about 750 mL water, adjust with 1N sodium hydroxide or

1N phosphoric acid to a pH of 5.5, and dilute with water to

volume.

Solution A—A mixture of Phosphate buffer pH 5.5 and

acetonitrile (92 : 8).

Solution B—A mixture of Phosphate buffer pH 5.5 and

acetonitrile (70 : 30).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic System. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Phosphate buffer pH 6.5—Transfer about 4.63 g of

monobasic potassium phosphate and 2.78 g of dibasic

potassium phosphate to a 100-mL volumetric flask, dissolve

in about 75 mL of water, adjust with 1N sodium hydroxide or

1N phosphoric acid to a pH of 6.5, and dilute with water to

volume.

System suitability solution—Transfer accurately weighed

quantities of USP Ampicillin RS and USP Amoxicillin RS to

a suitable volumetric flask, add Phosphate buffer pH 6.5,

acetonitrile, and water using about 5%, 4%, and 30%

respectively of the final volume, sonicate to dissolve, dilute

with water to volume, and mix to obtain a solution having

known concentrations of about 0.5 mg of ampicillin and 0.1

mg of amoxicillin per mL.

Standard preparation—Transfer an accurately weighed

quantity of USP Ampicillin RS to a suitable volumetric

flask, add Phosphate buffer pH 6.5, acetonitrile, and water

using about 5%, 4%, and 30% respectively of the final

volume, sonicate to dissolve, dilute with water to volume, and

mix to obtain a solution having a known concentration of

about 0.5 mg of ampicillin per mL.

Assay preparation—Transfer an accurately weighed

amount of ampicillin to a suitable volumetric flask, add

Phosphate buffer pH 6.5, acetonitrile, and water using about

5%, 4%, and 30% respectively of the final volume, sonicate to

dissolve, dilute with water to volume, and mix to obtain a

solution having a nominal concentration of about 0.5 mg of

ampicillin per mL.

Chromatographic system (see System Suitability under

Chromatography h621i)—The liquid chromatograph is

equipped with a 230-nm detector and a 4.6-mm 6 15-cm

column that contains 5-mm packing L1. The flow rate is about

1.5 mL per minute. The chromatograph is programmed as

follows:

Table 2

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–6 100 0 equilibration

6–15 100?0 0?100 linear gradient

15–16 0 100 isocratic

16–18 0?100 100?0 linear gradient

18–20 100 0 re-equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the resolution, R,

between the ampicillin and amoxicillin peaks is not less than

10 and the tailing factor for the ampicillin peak is not more

than 1.4. Chromatograph the Standard preparation, and

record the peak responses as directed for Procedure: the

relative standard deviation of the ampicillin peak for replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, and measure the peak area responses for

all the peaks. Calculate the quantity, in mg, of C16H19N3O4S in

each mg of Ampicillin taken by the formula:

P(CS /CU)(rU / rS)
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in which P is the potency, in mg, of ampicillin per mg of USP

Ampicillin RS; CS is the concentration, in mg per mL, of

ampicillin in the Standard preparation; CU is the nominal

concentration, in mg per mL, of ampicillin in the Assay

preparation; and rU and rS are the peak area responses for

ampicillin obtained from the Standard preparation and the

Assay preparation, respectively.&2S (USP32)

BRIEFING

Aspirin, USP 31 page 1447—See briefing under Acetaminophen.

(MD-CCA: C. Anthony; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 500 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid Q.

BRIEFING

Azithromycin Tablets. Because there is no existing USP
monograph for this drug product, a new monograph, based on
validated methods of analysis, is being proposed. The liquid
chromatographic procedures in the tests for Dissolution, Related
compounds, and the Assay, although different from each other, are
based on analyses performed using a Waters XTerra RP18 brand of
L1 column. The typical retention time for azithromycin is about 8
minutes in the test for Dissolution and about 42 minutes in the test
for Related compounds. The typical retention times for azaerythro-
mycin and azithromycin in the Assay are about 7 and 11 minutes,
respectively.

(MD-ANT: A. Wise; BPC: M. Marques) RTS—C63299

Add the following:

&Azithromycin Tablets

» Azithromycin Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of azithromycin (C38H72N2O12).

Packaging and storage—Preserve in tight containers, and

store at controlled room temperature.

USP Reference standards h11i—USP Azaerythromycin A

RS. USP Azithromycin RS.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, as obtained in

the Assay.

Dissolution h711i—

Medium: pH 6.0 phosphate buffer; 900 mL.

Apparatus 2: 75 rpm.

Time: 30 minutes.

Octanesulfonate buffer and Mobile phase—Prepare as

directed in the Assay.

Diluent—Transfer about 17.5 g of dibasic potassium

phosphate to a 1000-mL volumetric flask, and dilute with

water to volume. Adjust with phosphoric acid to a pH of

8.00+ 0.05. Prepare a mixture of this solution and

acetonitrile (80 : 20).

Standard solution—Transfer an accurately weighed quan-

tity of USP Azithromycin RS, and dissolve in and dilute with

Medium to obtain a solution having a known concentration of

about L/1000 mg per mL, where L is the tablet label claim,

in mg. Dilute this solution with Diluent to obtain a

solution having a known concentration of about

L/2000 mg per mL, where L is the tablet label claim, in mg.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter. Dilute a portion of the

filtrate with Diluent to obtain a solution having a nominal

concentration of about L/2000 mg per mL, where L is the

tablet label claim, in mg, assuming complete dissolution.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 615-cm column that contains 5-mm packing

L1. The flow rate is about 1.5 mL per minute. The column is

maintained at a constant temperature of about 508. Chromat-

ograph the Standard solution, and record the peak responses

as directed for Procedure: the tailing factor of the
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azithromycin peak is not more than 2.0; the column efficiency

for the azithromycin peak is not less than 1000 theoretical

plates; and the relative standard deviation of the azithromycin

peak for five replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solution and the Test solution into the

chromatograph, and record the chromatograms and the peak

responses. Calculate the percentage of C38H72N2O12 dissolved

by the formula:

in which rU and rS are the peak responses for the Test solution

and the Standard solution, respectively; CS is the concentra-

tion, in mg per mL, of the Standard solution; 900 is the

volume, in mL, of the Medium; 100 is the conversion factor

to percentage; and L is the tablet label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of azithromycin is dissolved in 30 minutes.

Uniformity of dosage units h905i: meets the requirements.

Related compounds—[NOTE—Use low actinic glassware.

Refrigerate the Standard solution and Test solution immedi-

ately after preparation and during analysis, using a refriger-

ated autosampler set at 48. The solutions must be analyzed

within 24 hours of preparation.]

Ammonium phosphate buffer pH 10, Diluent A, and

Resolution solution—Prepare as directed in the Assay.

Solution A—Transfer about 1.8 g of dibasic sodium

phosphate to a 1000-mL volumetric flask, and dilute with

water to volume. Pass through a filter having a porosity of

0.45-mm, and degas.

Solution B—A filtered and degassed mixture of acetonitrile

and methanol (75 : 25).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent B—A mixture of Ammonium phosphate buffer pH

10 and methanol (1 : 1).

Blank—Use Diluent A.

Stock standard solution—Prepare as directed for Standard

preparation in the Assay.

Standard solution—Dilute the Stock standard solution

quantitatively with Diluent A to obtain a solution having a

known concentration of about 0.02 mg of azithromycin per

mL.

System sensitivity solution—Dilute the Standard solution

quantitatively with Diluent A, and mix to obtain a solution

having a known concentration of about 0.004 mg of

azithromycin per mL.

Test solution—Weigh and finely powder no fewer than 20

Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 1335 mg of azithromycin, to a

100-mL volumetric flask. Add about 75 mL of acetonitrile,

and sonicate for no fewer than 15 minutes. Shake by

mechanical means for no fewer than 15 minutes. Allow the

solution to equilibrate to room temperature, dilute with

acetonitrile to volume, and mix. Centrifuge an aliquot for 15

minutes. Transfer 3.0 mL of the supernatant to a 10-mL

volumetric flask, dilute with Diluent B to volume, and mix to

obtain a solution having a nominal concentration of about 4

mg of azithromycin per mL. Pass through a filter having a

porosity of 0.45-mm.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 0.8 mL per minute. The column is

maintained at a constant temperature of about 608. The

autosampler temperature is maintained at 48. The chromat-

ograph is programmed as follows:
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Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–25 50 50 isocratic

25–30 50?45 50?55 linear gradient

30–40 45?40 55?60 linear gradient

40–55 40?35 60?65 linear gradient

55–60 35 65 isocratic

60–61 35?50 65?50 linear gradient

61–70 50 50 re-equilibration

Chromatograph the System sensitivity solution, and record the

peak responses as directed for Procedure: the signal-to-noise

ratio for the azithromycin peak is not less than 10.

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure: the resolution, R,

between the azaerythromycin A and azithromycin peaks is

not less than 2.5. Chromatograph the Standard solution, and

record the peak responses as directed for Procedure: the

relative standard deviation of the azithromycin peak for

replicate injections is not more than 10.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Blank and the Test solution into the chromato-

graph, and measure the peak area responses for all the peaks.

Calculate the percentage of each related compound in the

portion of Tablets taken by the formula:

(CS /CU)(ri / rS)(P / 1000)(1 /F)(100)

in which CS is the concentration, in mg per mL, of

azithromycin in the Standard solution; CU is the nominal

concentration, in mg per mL, of azithromycin in the Test

solution; ri is the peak area for any impurity obtained from the

Test solution; rS is the peak area for azithromycin obtained

from the Standard solution; (P / 1000) is the potency of

azithromycin, converted from mg per mg to mg per mg, of

Table 1

Peak Identification

Relative

Retention

Time

Relative

Response

Factor

Limit

(%)

Azithromycin 3’-N-oxide 0.28 0.45 0.5

3’-(N,N-Didemethyl)-3’-N-formylazithromycin 0.38 1.9 1.0

3’-(N,N-Didemethyl)azithromycin (aminoazithromycin) 0.40 0.52 0.5

Desosaminylazithromycin 0.47 1.1 0.5

Azithromycin related compound F1 0.53 4.8 0.5

3’-N-Demethylazithromycin 0.57 0.53 0.7

3’-De(dimethylamino)-3’-oxoazithromycin 0.78 1.6 0.5

6-Demethylazithromycin (azaerythromycin A)2 0.82 — —

Azithromycin 1.0 — —

3-Deoxyazithromycin (azithromycin B)2 1.3 — —

3’-N-Demethyl-3’-N-[(4-methylphenyl)sulfonyl]azithromycin2 1.4 — —

Any other unspecified impurity — 1.0 0.2

Total impurities2 — — 3.0

1 3’-(N-Demethyl)-3’-N-formylazithromycin
2 These compounds are synthetic process impurities of azithromycin. They are controlled in the drug substance and are listed here for
information only. The total impurities specification does not include these impurities.
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USPAzithromycin RS; and F is the relative response factor as

listed in Table 1. The specified and unspecified impurities

meet the limits listed in Table 1. The reporting level for

impurities is 0.1%. Disregard any peaks in the chromatogram

for the Test solution that correspond to peaks in the

chromatogram of the Blank.

Assay—

Octanesulfonate buffer—Transfer about 4.4 g of dibasic

po ta s s ium phospha te and 500 mg of sod ium

1-octanesulfonate to a 1000-mL volumetric flask, and dilute

with water to volume. Adjust with phosphoric acid to a pH of

8.20+ 0.05.

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile, Octanesulfonate buffer, and methanol

(45 : 40 : 15). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Ammonium phosphate buffer pH 10—Transfer about 1.7 g

of monobasic ammonium phosphate to a 1-L volumetric

flask, and dilute with water to volume. Adjust with

ammonium hydroxide to a pH of 10.00+ 0.05, and mix.

Diluent A—A mixture of Ammonium phosphate buffer pH

10, methanol, and acetonitrile (35 : 35 : 30).

Standard preparation—Transfer an accurately weighed

quantity of USP Azithromycin RS to a suitable volumetric

flask, add Diluent A using about 75% of the final volume,

sonicate to dissolve, dilute with Diluent A to volume, and mix

to obtain a solution having a known concentration of about

0.4 mg of azithromycin per mL.

Stock azaerythromycin A solution—Dissolve an accurately

weighed quantity of USP Azaerythromycin A RS in

acetonitrile with the aid of sonication to obtain a solution

having a known concentration of about 0.2 mg of

azaerythromycin A per mL.

Resolution solution—Transfer suitable volumes of the Stock

azaerythromycin A solution and the Standard preparation

into a volumetric flask of the appropriate size, and dilute

quantitatively with Diluent A to obtain a solution having a

known concentration of about 0.02 mg each of azaerythro-

mycin A and azithromycin per mL.

Assay preparation—Weigh and finely powder no fewer

than 20 Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 667 mg of azithromycin, to a

200-mL volumetric flask. Add about 75 mL of Diluent A, and

sonicate for no less than 15 minutes. Shake by mechanical

means for no less than 15 minutes. Allow the solution to

equilibrate to room temperature, dilute with Diluent A to

volume, and mix. Transfer 6.0 mL of the solution to a 50-mL

volumetric flask, dilute with Diluent A to volume, and mix to

obtain a solution having a nominal concentration of about 0.4

mg of azithromycin per mL. Pass through a filter having a

porosity of 0.45-mm.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1.5 mL per minute. The column is

maintained at a constant temperature of about 508. Chromat-

ograph the Resolution solution, and record the peak responses

as directed for Procedure: identify the peaks by their relative

retention times, which are 0.64 and 1.0 for azaerythromycin

and azithromycin, respectively; the resolution, R, between the

azaerythromycin A and azithromycin peaks is not less than

2.5. Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the tailing factor is

not more than 2.0; the column efficiency is not less than 1000

theoretical plates; and the relative standard deviation for five

replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, and measure the peak area responses for

all the peaks. Calculate the percent label claim of C38H72N2O12

in the portion of Tablets taken by the formula:

(P / 1000)(CS /CU)(rU / rS)(100)
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in which (P / 1000) is the potency, converted from mg per mg

to mg per mg, of C38H72N2O12 in the USP Azithromycin RS;

CS is the concentration, in mg per mL, of azithromycin in the

Standard preparation; CU is the nominal concentration, in mg

per mL, of azithromycin in the Assay preparation; and rU and

rS are the peak responses of the azithromycin peaks obtained

from the Assay preparation and the Standard preparation,

respectively.&2S (USP32)

BRIEFING

Benzocaine, USP 31 page 1500—See briefing under Acetamino-
phen.

(MD-PS: D. Bempong; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 500 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid A.

BRIEFING

Benzoic Acid, USP 31 page 1505—See briefing under Acetami-
nophen.

(MD-AA: B. Davani; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 500 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid Q.

BRIEFING

Bicalutamide Tablets, page 73 of PF 34(1) [Jan.–Feb. 2008]. It is
proposed to add a Dissolution Test 2 for a generic version of this
product.

(BPC: M. Marques) RTS—C65482

Add the following:

~Bicalutamide Tablets

» Bicalutamide Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of bicalutamide (C18H14F4N2O4S).

Packaging and storage—Preserve in tight containers. Store

at controlled room temperature.

Add the following:

&Labeling—When more than one Dissolution test is given,

the labeling states the test used only if Test 1 is not

used.&2S (USP32)

USP Reference standards h11i—USP Bicalutamide RS.

USP Bicalutamide Related Compound B RS..

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard praparation, as obtained

in the Assay.

Change to read:

Dissolution h711i—
&TEST 1—&2S (USP32)

Medium: 1.0% w/v sodium lauryl sulfate in water; 1000

mL.

Apparatus 2: 50 rpm.

Time: 45 minutes.

Standard solution—Transfer about 10 mg, accurately

weighed, of USP Bicalutamide RS to a 200-mL volumetric

flask, dissolve in 2 mL of tetrahydrofuran, and dilute with

Medium to volume.

Test solution—Pass the solution under test through a

suitable 0.45-mm filter.

Procedure—Determine the amount of C18H14F4N2O4S

dissolved by employing UV absorption at the wavelength of

maximum absorbance at about 270 nm on portions of the Test
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solution in comparison with the Standard solution, using the

Medium as the blank. Calculate the percentage of bicaluta-

mide (C18H14F4N2O4S) dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and the Standard solution, respectively; CS is the

concentration, in mg per mL, of bicalutamide in the Standard

solution; 1000 is the volume, in mL, of Medium; 100 is the

conversion factor to percentage; and L is the Tablet label

claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of bicalutamide is dissolved in 45 minutes.

&TEST 2—If the product complies with this test, the labeling

indicates that the product meets Dissolution Test 2.

Medium, Apparatus 2, Time, Standard solution, Test

solution, and Procedure—Proceed as directed for Test 1.

Tolerances—Not less than 75% (Q) of the labeled amount

of bicalutamide is dissolved in 45 minutes.&2S (USP32)

Uniformity of dosage units h905i—meet the requirements.

1% Sodium lauryl sulfate solution—Dissolve 15 g of

sodium lauryl sulfate in 1.5 L of water.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Bicalutamide RS in a minimum amount of

tetrahydrofuran, and dilute quantitatively with 1% Sodium

lauryl sulfate solution to obtain a solution having a known

concentration of about 0.05 mg per mL.

Test solution—Transfer 1 Tablet to a 100-mL volumetric

flask, add about 10 mL of water, and sonicate for

approximately 30 minutes. Add about 80 mL of tetrahydro-

furan, and sonicate for 30 minutes to complete dissolution of

bicalutamide. Allow to cool to room temperature, and dilute

with tetrahydrofuran to volume. Pass this solution through a

suitable 0.45-mm filter, transfer 10.0 mL of filtrate to a 100-

mL volumetric flask, and dilute with 1% Sodium lauryl

sulfate solution to volume.

Procedure for content uniformity—Concomitantly deter-

mine the UV absorbances of the Standard solution and the

Test solution with a suitable spectrophotometer at 270 nm,

using 1% Sodium lauryl sulfate solution as the blank.

Calculate the quanti ty, in mg, of bicalutamide

(C18H14F4N2O4S) in the Tablet taken by the formula:

1000C (AU /AS)

in which C is the concentration, in mg per mL, of USP

Bicalutamide RS in the Standard solution; and AU and AS are

the absorbances obtained from the Test solution and the

Standard solution, respectively.

Water, Method I h921i: not more than 5.0%.

Limit of 4-amino-2-(trifluoromethyl)benzonitrile—

Mobile phase and System suitability solution—Proceed as

directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Bicalutamide RS in tetrahydrofuran to obtain a

solution having a known concentration of about 0.2 mg per

mL. Transfer 5.0 mL of this solution to a 50-mL volumetric

flask, and dilute with Mobile phase to volume.

Test solution—Transfer an accurately weighed quantity of

the powdered Tablet prepared in the Assay preparation,

equivalent to about 50 mg of bicalutamide, to a 25-mL

volumetric flask. Add about 2 mL of tetrahydrofuran, and

allow to stand for 5 minutes. Add about 20 mL of Mobile

phase, and sonicate for 10 minutes. Allow to cool to room

temperature, and dilute with Mobile phase to volume. Pass

the sample through a suitable 0.2-mm filter.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay, except to use a liquid

chromatograph equipped with a 220-nm detector.
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Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of 4-amino-2-

(trifluoromethyl)benzonitrile in the portion of Tablets taken

by the formula:

100(1/1.4)(CS /CU)(rU / rS)

in which 1.4 is the relative response factor for 4-amino-2-

(trifluoromethyl)benzonitrile; CS is the concentration, in mg

per mL, of USP Bicalutamide RS in the Standard solution; CU

is the concentration, in mg per mL, of bicalutamide in the Test

solution based on the label claim; rU is the peak area for 4-

amino-2-(trifluoromethyl)benzonitrile obtained from the Test

solution; and rS is the peak area for bicalutamide obtained

from the Standard solution: not more than 0.1% of 4-amino-

2-(trifluoromethyl)benzonitrile is found. [NOTE—The relative

retention time for 4-amino-2-(trifluoromethyl)benzonitrile is

about 0.4.]

Assay—

Mobile phase—Prepare a mixture of water, tetrahydrofuran,

and acetonitrile (65 : 20 : 15).

Standard preparation—Dissolve an accurately weighed

quantity of USP Bicalutamide RS in tetrahydrofuran to obtain

a solution having a known concentration of about 0.8 mg per

mL. Transfer 5.0 mL of this solution to a 100-mL volumetric

flask, and dilute with Mobile phase to volume.

Assay preparation—Grind not fewer than 20 Tablets to a

fine powder. Transfer an accurately weighed quantity of

powdered Tablets, equivalent to about 50 mg of bicalutamide,

to a 100-mL volumetric flask. Add about 50 mL of

tetrahydrofuran, and sonicate for at least 10 minutes to

complete dissolution. Allow to cool to room temperature, and

dilute with tetrahydrofuran to volume. Pass this solution

through a suitable 0.45-mm filter. Transfer 4.0 mL of the

filtrate to a 50-mL volumetric flask, and dilute with Mobile

phase to volume.

System suitability solution—Dissolve suitable quantities of

USP Bicalutamide RS and USP Bicalutamide Related

Compound B RS in tetrahydrofuran to obtain a solution

having known concentrations of about 0.8 mg of USP

Bicalutamide RS per mL and 0.4 mg of USP Bicalutamide

Related Compound B RS per mL. Transfer 5.0 mL of this

solution to a 100-mL volumetric flask, and dilute with Mobile

phase to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 270-nm

detector, and a 5-mm 6 12.5-cm column that contains 3-

mm packing L1. The flow rate is about 1.5 mL per minute.

The column temperature is maintained at 508. Chromatograph

the System suitability solution, and record the peak areas as

directed for Procedure: the relative retention time for the

bicalutamide related compound B peak is about 1.1; the

resolution, R, between bicalutamide and bicalutamide related

compound B is greater than 1.9; the tailing factor of the

bicalutamide peak is less than 1.3; and the relative standard

deviation for replicate injections calculated for the bicaluta-

mide peak is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the areas for the bicalutamide peaks. Calculate the quantity, in

percentage of the label claim, of bicalutamide

(C18H14F4N2O4S) in the portion of Tablets taken by the

formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Bicalutamide RS in the Standard preparation; CU is the

concentration, in mg per mL, of bicalutamide in the Assay

preparation based on the label claim; and rU and rS are the

peak areas obtained from the Assay preparation and the

Standard preparation, respectively.~USP32
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BRIEFING

Bleomycin for Injection, USP 31 page 1548. On the basis of
comments received, it is proposed to expand the Identification test
from its original brief cross-reference to the Bleomycin Sulfate
monograph to present a complete detailed procedure.

(MD-ANT: A. Wise) RTS—C65931

Add the following:

&Identification—

A: Infrared Absorption h197Ki.

B: It responds to the tests for Sulfate h191i.&2S (USP32)

Change to read:

Other requirements—It meets the requirements for Identification
tests,

&

&2S (USP32)
pH, Copper, and Content of bleomycins under Bleomycin Sulfate. It
meets also the requirements for Uniformity of Dosage Units h905i
and for Labeling under Injections h1i.

BRIEFING

Caffeine, USP 31 page 1590. It is proposed to omit the tests for
Melting range, Readily carbonizable substances, and Other
alkaloids because the Chromatographic purity test by HPLC
provides sufficient information for potential impurities. Additionally,
it is proposed to use the retention time data obtained from the Assay
to replace the current wet chemistry method for Identification test B.

(MD–PP: R. Ravichandran; M. Puderbaugh) RTS—C66121

Change to read:

Identification—
A: Infrared Absorption h197Mi.
B: Dissolve about 5 mg in 1 mL of hydrochloric acid in a

porcelain dish, add 50 mg of potassium chlorate, and evaporate on a
steam bath to dryness. Invert the dish over a vessel containing a few
drops of 6N ammonium hydroxide: the residue acquires a purple
color, which disappears upon the addition of a solution of 1N
sodium hydroxide.

&The retention time of the caffeine peak in the chromatogram

of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.&2S (USP32)

Delete the following:

&Melting range h741i: between 2358 and 2398, determined after
drying at 808 for 4 hours.&2S (USP32)

Delete the following:

&Readily carbonizable substances h271i—Dissolve 0.5 g in 5 mL
of sulfuric acid TS: the solution has no more color than Matching
Fluid D.&2S (USP32)

Delete the following:

&Other alkaloids—To 5 mL of a solution (1 in 50) add mercuric-
potassium iodide TS: no precipitate is formed.&2S (USP32)

BRIEFING

Chloral Hydrate, USP 31 page 1716—See briefing under
Acetaminophen.

(MD-PP: R. Ravichandran; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Shake 500 mg, at
intervals of 5 minutes during 1 hour, with 5 mL of sulfuric acid TS

&

&2S (USP32)
in a glass-stoppered cylinder that previously has been rinsed with
sulfuric acid TS

&

&2S (USP32)
, and transfer the mixture to a comparison vessel: the mixture has no
more color than Matching Fluid P.

BRIEFING

Anhydrous Citric Acid, USP 31 page 1781—See briefing under
Acetaminophen.

(EM1: K. Moore; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances—Transfer 1.0 g of powdered
Anhydrous Citric Acid to a 22- 6 175-mm test tube previously
rinsed with 10 mL of sulfuric acid TS

&

&2S (USP32)
and allowed to drain for 10 minutes. Add 10 mL of sulfuric acid TS

&

&2S (USP32)
, agitate until solution is complete, and immerse in a water bath at
90+ 18 for 60+ 0.5 minutes, keeping the level of the acid below
the level of the water during the entire period. Cool the tube in
running water, and transfer the acid to a color-comparison tube: the
color of the acid is not darker than that of a similar volume of
Matching Fluid K (see Color and Achromicity h631i) in a matching
tube, the tubes being observed vertically against a white background.
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BRIEFING

Citric Acid Monohydrate, USP 31 page 1783—See briefing
under Acetaminophen.

(EM1: K. Moore; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances—Transfer 1.0 g of powdered
Citric Acid Monohydrate to a 22- 6 175-mm test tube previously
rinsed with 10 mL of sulfuric acid, TS

&

&2S (USP32)
and allow to drain for 10 minutes. Add 10 mL of sulfuric acid, TS

&

&2S (USP32)
agitate until solution is complete, and immerse in a water bath at
90+ 18 for 60+ 0.5 minutes, keeping the level of the acid below
the level of the water during the entire period. Cool the tube in
running water, and transfer the acid to a color-comparison tube: the
color of the acid is not darker than that of a similar volume of
Matching Fluid K (see Color and Achromicity h631i) in a matching
tube, the tubes being observed vertically against a white background.

BRIEFING

Cocaine, USP 31 page 1836—See briefing under Acetaminophen.

(DSB: M. Sharaf; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve about 500 mg in
5 mL of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid A.

BRIEFING

Cocaine Hydrochloride, USP 31 page 1837—See briefing under
Acetaminophen.

(DSB: M. Sharaf; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 500 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid F.

BRIEFING

Codeine, USP 31 page 1841—See briefing under Acetaminophen.

(MD-CCA: C. Anthony; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 10 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid S.

BRIEFING

Codeine Sulfate, USP 31 page 1842—See briefing under
Acetaminophen.

(MD–CCA: C. Anthony; M. Puderbaugh) RTS—65000

Change to read:

Readily carbonizable substances h271i—Dissolve 10 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid S.

BRIEFING

Dantrolene Sodium Capsules, USP 31 page 1880 and page 645
of PF 33(4) [July–Aug. 2007]. On the basis of comments received, it
is proposed to revise the Packaging and storage statement to be
consistent with the approved package insert.

(MD-PP: R. Ravichandran) RTS—C66511

Change to read:

Packaging and storage—Preserve in tight light-resistant

&

&2S (USP32)
containers.

Change to read:

Dissolution h711i—
Medium: 0.5% methylbenzethonium chloride in water, pH 6.8

&(adjusted with 0.1N potassium hydroxide or 0.1N hydro-

chloric acid);&2S (USP31)
900 mL, deaerated.
Apparatus 1: 100 rpm.
Time: 40 minutes.
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Determine the amount of C14H9N4NaO5 � 3½H2O dissolved by
employing the following method.
Standard solution 1 (for Capsules labeled to contain 100 mg)—

Accurately weigh 25 mg of USP Dantrolene RS into a 250-mL
volumetric flask. Dissolve in 5.0 mL of dimethylformamide. Add
200 mL of Medium and 10.0 mL of 0.1N potassium hydroxide, and
mix. Dilute with Medium to volume, and mix. Pass through a 0.45-
mm polytetrafluoroethylene (PTFE) filter, previously wetted with a
few drops of isopropyl alcohol, discarding the first 5 mL.
Standard solution 2 (for Capsules labeled to contain 50 mg)—

Transfer 25.0 mL of Standard solution 1 to a 50-mL volumetric flask
containing 0.5 mL of 0.1N potassium hydroxide. Dilute with
Medium to volume, and mix. Pass through a 0.45-mm PTFE filter,
previously wetted with a few drops of isopropyl alcohol, discarding
the first 5 mL.
Standard solution 3 (for Capsules labeled to contain 25 mg)—

Transfer 25.0 mL of Standard solution 1 to a 100-mL volumetric
flask containing 1.0 mL of 0.1N potassium hydroxide. Dilute with
Medium to volume, and mix. Pass through a 0.45-mm PTFE filter,
previously wetted with a few drops of isopropyl alcohol, discarding
the first 5 mL.
Test solution—Withdraw 10 mL of the solution under test. Pass

through a 0.45-mm PTFE filter, previously wetted with a few drops
of isopropyl alcohol. Discard the first 5 mL. Collect the filtered
solution in a tube that contains 1 drop of 1N potassium hydroxide,
and mix.
System suitability—[NOTE—All absorbance values should be

obtained on solutions within 2 hours of their preparation.] Using a
0.1-cm cell, measure the absorbance of Medium, using water as the
blank, and measure the absorbance of each of the three Standard
solutions using Medium as the blank, at the wavelength of maximum
absorbance at about 395 nm. The system is considered suitable for
use if the following criteria are met: the absorbance of Medium is
less than 10% of the absorbance of Standard solution 1; the
absorbance of Standard solution 2 is between 0.3 and 0.5; and the
ratio of the absorbance of Standard solution 1 to that of Standard
solution 3 is 4.00+ 0.10.
Determine the amount of C14H9N4NaO5 � 3½H2O dissolved by

measuring the absorbance of the Test solution at the wavelength of
maximum absorbance at about 395 nm in comparison with the
appropriate Standard solution, using an 0.1-cm cell and Medium as
the blank. All absorbance values are obtained on solutions within
2 hours of their preparation. Calculate the percentage of
C14H9N4NaO5 � 3½H2O dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test
solution and the Standard solution, respectively; CS is the
concentration, in mg per mL, of dantrolene in the Standard solution;
900 is the volume, in mL, of Medium; 100 is the conversion factor to
percentage; 0.79186 is the correction for water of hydration and
sodium contained in the dantrolene sodium monohydrate form of the
drug, assuming that the bulk drug contains 15% of water and 6.84%
of sodium; and LC is the Capsule label claim, in mg.
Tolerances—Not less than 75% (Q) of the labeled amount of

C14H9N4NaO5 � 3½H2O is dissolved in 40 minutes.

BRIEFING

Dicyclomine Hydrochloride, USP 31 page 1946—See briefing
under Acetaminophen.

(MD–GRE: E. Gonikberg; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 500 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid D.

BRIEFING

Dopamine Hydrochloride, USP 31 page 2012—See briefing
under Acetaminophen.

(MD–CV: S. Ramakrishna; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 100 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid A.

BRIEFING

Doxazosin Mesylate, USP 31 page 2016. On the basis of
comments received, it is proposed to add a note in the elution table
under the Chromatographic system in the Assay to clarify the
reequilibration at the end of the gradient. When the gradient
procedure ends, the composition of the Mobile phase differs in ratio
from the composition of the initial portion.

(MD-CV: S. Ramakrishna) RTS—C65348

Change to read:

Assay—
Solvent A—Dissolve 5 g of phosphoric acid (84%–86%) in 100

mL of water.
Solvent B—Use acetonitrile.
Solvent C—Use water.
Solvent D—Prepare a mixture of 100 mL of Solvent B and 2 g of

phosphoric acid (84%–86%).
Mobile phase—Use variable mixtures of degassed Solvent A,

Solvent B, and Solvent C, as directed for Chromatographic system.
Make adjustments if necessary (see System Suitability under
Chromatography h621i).
System suitability solution—Dissolve accurately weighed quan-

tities of USP Doxazosin Related Compound A RS and USP
Doxazosin Related Compound B RS in approximately 2.5 mL of
Solvent D. Further dilute this solution quantitatively, and stepwise if
necessary, with Solvent C and Solvent D to obtain a final solution
having a known concentration of 12 mg per mL of each of the related
compounds. The final ratio of Solvent C to Solvent D is maintained at
9 : 1. Sonicate briefly to dissolve completely.
Standard preparation—Dissolve an accurately weighed quantity

of USP Doxazosin Mesylate RS in approximately 2 mL of Solvent
D, and dilute with Solvent C and Solvent D to obtain a solution
having a known concentration of 0.6 mg per mL. The final ratio of
Solvent C to Solvent D is maintained at 9 : 1. Sonicate briefly to
dissolve completely.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
1152 IN-PROCESS REVISION Vol. 34(5) [Sept.–Oct. 2008]



Assay preparation—Dissolve an accurately weighed quantity of
Doxazosin Mesylate in approximately 2 mL of Solvent D, and dilute
with Solvent C and Solvent D to obtain a solution having a
concentration of 0.6 mg per mL, based on the labeled quantity of
doxazosin mesylate. The final ratio of Solvent C to Solvent D is
maintained at 9 : 1. Sonicate briefly to dissolve completely.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 210-nm detector and a 4-
mm 6 25-cm column that contains 5-mm packing L1. The flow rate
is about 0.8 mL per minute, and the column temperature is
maintained at 358. The chromatograph is programmed as follows.

Time
(min)

Solvent A
(%)

Solvent B
(%)

Solvent C
(%) Elution

0–10 20 10?22 70?58 linear gradient
10–35 20 22?50 58?30 linear gradient
35–40 20 50 30 equilibration

&[NOTE—Between sample injections, the system is reequili-

brated for at least 7 minutes, or until a stable baseline is

obtained, representing starting composition.]&2S (USP32)

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the resolution, R, between
doxazosin related compound A and doxazosin related compound B
is not less than 4.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the doxazosin mesylate peaks. Calculate the percentage of
C23H25N5O5 �CH4O3S in the portion of Doxazosin Mesylate taken
by the formula:

100(CS /CT) (rU / rS)

in which CS is the concentration, in mg per mL, of USP Doxazosin
Mesylate RS in the Standard preparation; CT is the concentration, in
mg per mL, of Doxazosin Mesylate in the Assay preparation; and rU
and rS are the peak responses obtained from the Assay preparation
and the Standard preparation, respectively.

BRIEFING

Ecamsule Solution. Because there is no existing USP monograph
for this drug substance, a new monograph based on the validated
methods of analysis is being proposed. The typical retention times
reported for the ecamsule trans-trans and cis-trans isomers in the
Assay and in the Test for related compound G, Ecamsule exo-2-
hydroxyecamsule, Ecamsule endo-2-hydroxyecamsule, and unspeci-
fied impurities are about 3.5 and 10.0 minutes, respectively.
Ecamsule elutes after 27 minutes and is a broad peak in the Test
for related compounds A to F; therefore, the relative retention times
of impurities given in Table 1 are measured with respect to ecamsule
related compound D which elutes at about 5 minutes.

(MD-OOD: F. Mao) RTS—C44704

Add the following:

&Ecamsule Solution

C28H34O8S2 562.69

Bicyclo[2.2.1]heptane-1-methanesulfonic acid, 3,3’-(1,4-phe-

nylenedimethylidyne)bis[7,7-dimethyl-2-oxo]-.

(+)-(3E,3’E)-3,3’-(p-Phenylenedimethylidyne)bis[2-oxo-10-

bornanesulfonic acid] [92761-26-7].

» Ecamsule Solution is an aqueous solution of

C28H34O8S2. It contains not less than 30.0 percent

and not more than 34.0 percent, by weight, of

ecamsule (C28H34O8S2).

Packaging and storage—Preserve in tight containers.

Protect from light, and store at room temperature.

USP Reference standards h11i—USP Ecamsule Solution

RS. USP Ecamsule Related Compound A RS. USP Ecamsule

Related Compound B RS. USP Ecamsule Related Compound

C RS. USP Ecamsule Related Compound D RS. USP

Ecamsule Related Compound E RS. USP Ecamsule Related

Compound F RS. USP Ecamsule Related Compound G RS.

USP Ecamsule Triethanolamine RS.

Labeling—The label states that this article is not intended for

direct administration to humans or animals.

Identification—

A: Infrared Absorption h197Ai—Place a drop of Ecam-

sule Solution on a diamond sampling surface and dry it with a

stream of warm air. The IR absorption spectrum conforms to

that of USP Ecamsule Solution RS, similarly obtained.
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B: Ultraviolet Absorption h197Ui—

Solution—Transfer 0.25 g of Ecamsule Solution to a

100-mL volumetric flask, and dilute with water to volume.

Further dilute 2 mL of this solution with water to 100 mL.

The Solution exhibits absorption maxima between 342 to

346 nm.

Limit of chloride—Dissolve about 10 g of Ecamsule

Solution, accurately weighed, in 70 mL of water. Titrate

this solution with 0.1N silver nitrate, determine the endpoint

potentiometrically (see Titrimetry h541i), and calculate the

percentage of chloride in the portion of C28H34O8S2 taken by

the formula:

100(35.5)(VN/W)(100/A)

in which 35.5 is the atomic weight, in g per mole, of chloride;

V is the volume, in mL, of silver nitrate used for titration; N is

the concentration, in normality, of silver nitrate; W is the

weight, in mg, of Ecamsule Solution taken for determination;

and A is the assay, in percent, of Ecamsule Solution: not more

than 0.3% of chloride is found.

Limit of sodium—

Diluent—Transfer 5 mL of nitric acid in a 1000-mL

volumetric flask containing about 500 mL of water, and dilute

with water to volume.

Test solution—Transfer about 1 g of Ecamsule Solution,

accurately weighed, to a 100-mL volumetric flask, and dilute

with Diluent to volume.

Standard solutions—Dilute quantitatively, and stepwise if

necessary, a commercially available sodium atomic absorp-

tion standard solution containing 1000 mg of sodium per mL

with Diluent to obtain solutions having known concentrations

of 1, 5, 10, and 20 mg per mL, respectively.

Procedure (see Spectrophotometry and Light Scattering

h851i)—Concomitantly determine the absorbances of the

Standard solutions and the Test solution at the sodium

emission line of 330 nm or 589 nm with a suitable atomic

absorption spectrophotometer equipped with a sodium lamp

and an air–acetylene flame, using Diluent as the blank. Determine

the concentration of sodium, in mg per mL, in the Test

solution using the calibration graph. Calculate the percentage

of sodium in the portion of C28H34O8S2 taken by the formula:

1006 10–6(CV/W)(100/A)

in which C is the concentration, in mg per mL, of sodium in

the Test solution, the multiplier of 10–6 is for conversion of mg

per mL to g per mL; V is the volume, in mL, of Test solution;

W is the weight, in g, of Ecamsule Solution taken for

determination; and A is the assay, in percent, of Ecamsule

Solution: not more than 0.3% of sodium is found.

Related compounds—

Test for related compounds A to F—

Solvent A—Prepare a mixture of acetonitrile and 85%

phosphoric acid (1000 : 1).

Solvent B—Prepare a mixture of water and 85% phosphoric

acid (1000 : 1).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Ecamsule Related Compound A RS, USP

Ecamsule Related Compound B RS, USP Ecamsule Related

Compound C RS, USP Ecamsule Related Compound D RS,

USP Ecamsule Related Compound E RS, and USP Ecamsule

Related Compound F RS in water, sonicating if necessary, to

obtain a solution having known concentrations as found in

Table 1.

Test solution—Transfer about 100 mg, accurately weighed,

of Ecamsule Solution to a 50-mL volumetric flask, and dilute

with water to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with either a

programmable variable wavelength detector or two separate

detectors capable of monitoring at 200 nm and 300 nm and a

4.6-mm 6 15-cm column that contains 5-mm packing L1.

The flow rate is about 1 mL per minute. The chromatograph is

programmed as follows.
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Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–25 20 80 isocratic

25–27 20?80 80?20 linear gradient

27–47 80 20 isocratic

47–50 80?20 20?80 linear gradient

50–65 20 80 equilibration

Chromatograph the Standard solution, and record the peak

areas as directed for Procedure: the relative standard

deviations of the ecamsule related compound peaks for

replicate injections are not more than 10.0%; and the

resolution, R, between all adjacent peak pairs of ecamsule

related compounds is not less than 1.5 measured at 200 nm.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, allow the chromatogram to run for about 20

minutes for the Standard solution and 60 minutes for the Test

solution, record the chromatograms at 200 nm from 0 to 8

minutes and at 300 nm after 8 minutes, and measure the peak

areas. Calculate the percentage of ecamsule related com-

pounds A, B, C, D, and F in the portion of C28H34O8S2 taken

by the formula:

100[CS / (CU A)](rU / rS)

in which CS is the concentration, in mg per mL, of the

ecamsule related compound in the Standard solution; CU is

the concentration, in mg per mL, of the Test solution; A is the

assay, in percent, obtained from the Assay; and rU and rS are

the peak areas of the ecamsule related compound obtained

from Test solution and Standard solution, respectively.

Calculate the percentage of ecamsule related compound E

in the portion of C28H34O8S2 taken by the formula:

100(350.43/372.41)[CS / (CUA)](rU / rS)

in which 350.43 and 372.41 are the molecular weights of

ecamsule related compound E (free acid) and USP Ecamsule

Related Compound E RS (sodium salt), respectively; CS is the

concentration, in mg per mL, of ecamsule related compound

E in the Standard solution; CU is the concentration, in mg per

mL, of the Test solution; A is the assay, in percent, obtained

from the Assay; and rU and rS are the peak areas of the

ecamsule related compound E obtained from Test solution

and Standard solution, respectively. The limits are given in

Table 1.

Test for related compound G, Ecamsule exo-2-

hydroxyecamsule, Ecamsule endo-2-hydroxyecamsule, and

unspecified impurities—

Mobile phase—Proceed as directed in the Assay.

Table 1

Name

Concentration

(mg/mL) in the

Standard solution

Detection

wavelength

(nm) RRT1

Limit

(%)

Ecamsule related compound A 0.001 200 0.48 0.2

Ecamsule related compound B 0.001 200 0.60 0.2

Ecamsule related compound C 0.001 200 0.78 0.2

Ecamsule related compound D 0.008 200 1.00 1.3

Ecamsule related compound E (free acid) 0.004 300 2.28 0.7

Ecamsule related compound F 0.004 300 2.74 0.7

1 Ecamsule elutes after 27 minutes and is a broad peak in the Test for related compounds A to F. The relative retention times of related
compounds are measured with respect to ecamsule related compound D.
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Standard solution 1—Dissolve an accurately weighed

quantity of USP Ecamsule Related Compound G RS in

water to obtain a solution having a known concentration of

about 0.005 mg per mL.

Standard solution 2—Use the Standard preparation, as

described in the Assay.

Test solution—Use Assay preparation described in the

Assay.

Chromatographic system—Prepared as directed in the

Assay. Use the liquid chromatograph equipped with a

310-nm detector in addition to using a 343-nm detector.

[NOTE—Ecamsule related compound G is detected at 310 nm;

and Ecamsule exo-2-hydroxyecamsule, Ecamsule endo-2-

hydroxyecamsule, and unspecified impurities are detected at

343 nm.]

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution 1, Standard solution 2 and the Test

solution into a chromatograph, record the chromatograms for

not less than 6 times the retention time of ecamsule trans-trans

isomer, and measure the peak areas. Calculate the percentage

of ecamsule related compound G in the portion of C28H34O8S2

taken by the formula:

100(348.41/370.40)[CS / (CU A)](rU / rS)

in which 348.41 and 370.40 are the molecular weights of

ecamsule related compound G and USP Ecamsule Related

Compound G RS, respectively; CS is the concentration, in mg

per mL, of USP Ecamsule Related Compound G RS in

Standard solution 1; CU is the concentration, in mg per mL, of

the Test solution; A is the assay, in percent, obtained from the

Assay; and rU and rS are the peak areas of ecamsule related

compound G obtained from the Test solution and Standard

solution 1, respectively. Calculate the percentage of Ecamsule

exo-2-hydroxyecamsule and Ecamsule endo-2-hydroxyecam-

sule in the portion of C28H34O8S2 taken by the formula:

100(1/F)[CS / (CU A)](ri / rS)

in which F is the relative response factor for each impurity

obtained from Table 2; CS is the concentration, in mg per mL,

of USP Ecamsule Triethanolamine RS in Standard solution 2;

CU is the concentration, in mg per mL, of the Test solution; A

is the assay, in percent, obtained from the Assay; ri is the peak

area for each impurity obtained from the Test solution; and rS

is the sum of peak areas corresponding to the trans-trans and

cis-trans isomers obtained from the Standard solution.

Calculate the percentage of any unspecified impurity in the

portion of C28H34O8S2 taken by the formula:

100(ri / rS)

in which ri is the peak area for each unspecified impurity

obtained from the Test solution; and rS is the sum of all peak

areas obtained from the Test solution. The limits are given in

Table 2.

Table 2

Name RRT3 F

Limit

(%)

Ecamsule related

compound G

0.9 — 0.2

Ecamsule exo-2-

hydroxyecamsule1

1.4 0.6 0.2

Ecamsule endo-2-

hydroxyecamsule2

1.6 0.6 0.3

Any single unspeci-

fied impurity

— 1.0 0.5

1 [(1SR,2R,4SR,E)-3-(4-{(E)-[(1SR,4SR)-7,7-dimethyl-3-oxo-4-(sul-
fomethyl)bicyclo[2.2.1]heptan-2-ylidene]methyl}benzylidene)-2-hy-
droxy-7,7-dimethylbicyclo[2.2.1]heptan-1-yl]methanesulfonic acid
[C28H36O8S2, 564.71].
2 [(1SR,2S,4SR,E)-3-(4-{(E)-[(1SR,4SR)-7,7-dimethyl-3-oxo-4-(sul-
fomethyl)bicyclo[2.2.1]heptan-2-ylidene]methyl}benzylidene)-2-hy-
droxy-7,7-dimethylbicyclo[2.2.1]heptan-1-yl]methanesulfonic acid
[C28H36O8S2, 564.71].
3 The relative retention times are measured with respect to ecamsule
trans-trans isomer.
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Total impurities—Calculate the sum of the related com-

pounds and unspecified impurities from the Test for related

compounds A to F and the Test for related compound G,

Ecamsule exo-2-hydroxyecamsule, Ecamsule endo-2-hydro-

xyecamsule, and unspecified impurities: not more than 5.0%

of total impurities is found.

Assay—[NOTE—Prepare solutions immediately before use,

and protect them from light in low-actinic glassware.]

1% Triethylamine solution—Prepare a mixture of water and

triethylamine (100 : 1), and adjust with phosphoric acid to a

pH of 7.

Mobile phase—Prepare a mixture of 1% Triethylamine

solution and methanol (50 : 50). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Ecamsule Triethanolamine RS in Mobile

phase, sonicating if necessary, to obtain a solution having a

known concentration of about 0.12 mg per mL of ecamsule

triethanolamine.

Assay preparation—Transfer about 500 mg, accurately

weighed, of Ecamsule Solution to a 100-mL volumetric flask,

and dilute with water to volume. Transfer 5.0 mL of this

solution into a 100-mL volumetric flask, and dilute with water

to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 343-nm detector

and a 4.0-mm6 125-mm column that contains 5-mm packing

L1. The flow rate is about 1 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the relative retention times are about

1.0 for ecamsule trans-trans isomer and 2.9 for the ecamsule

cis-trans isomer; the relative standard deviation of the sum of

the ecamsule trans-trans and cis-trans peak areas for replicate

injections is not more than 2.0%; and the number of

theoretical plates of the peak corresponding to the trans-

trans isomer is not less than 1430.

Procedure—Inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, record the chromatograms, and measure the

peak areas. Calculate the percentage of C28H34O8S2 in the

portion of Ecamsule Solution taken by the formula:

100(562.69/861.07)(V/W)C (rU / rS)

in which 562.69 and 861.07 are the molecular weights of

ecamsule and ecamsule triethanolamine, respectively; V is the

volume, in mL, of the Assay preparation; W is the weight, in

mg, of Ecamsule Solution used for the Assay preparation; C

is the concentration, in mg per mL, of ecamsule triethanol-

amine in the Standard preparation; and rU and rS are the sum

of peak areas corresponding to trans-trans and cis-trans

isomers obtained from the Assay preparation and the

Standard preparation, respectively.&2S (USP32)

BRIEFING

Erythromycin Pledgets, USP 31 page 2087. On the basis of
comments received, it is proposed to expand the Identification test,
from its original, brief cross-reference to the Erythromycin Topical
Solution monograph to present a complete detailed procedure. The
test will be deleted from the Other requirements section and included
in a new Identification section.

(MD-ANT: A. Wise) RTS—C66845

Add the following:

&Identification—Prepare a test solution by shaking one

Pledget with methanol, and diluting appropriately to obtain a

concentration of about 2.5 mg of erythromycin per mL.

Prepare a Standard solution of USP Erythromycin RS in

methanol containing 2.5 mg per mL. Apply separately 10 mL

of each solution to a thin-layer chromatographic plate (see

Chromatography h621i) coated with a 0.25-mm layer of

chromatographic silica gel. Place the plate in an unlined

chromatographic chamber, and develop the chromatogram in

a solvent system consisting of a mixture of methanol and

chloroform (85 : 15) until the solvent front has moved about 7
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cm. Remove the plate from the chamber, mark the solvent

front, and allow the solvent to evaporate. Spray the plate with

a mixture of alcohol, p-methoxybenzaldehyde, and sulfuric

acid (90 : 5 : 5). Heat the plate at 1008 for 10 minutes, and

examine the chromatogram, in which erythromycin appears

as a black-to-purple spot: the RF value of the principal spot

obtained from the test solution corresponds to that obtained

from the Standard solution.&2S (USP32)

Change to read:

Other requirements—The Erythromycin Topical Solution ex-
pressed from Pledgets meets the requirements for Identification,

&

&2S (USP32)
Water and Alcohol content under Erythromycin Topical Solution.

BRIEFING

Sterile Erythromycin Ethylsuccinate, USP 31 page 2093. On
the basis of comments received, it is proposed to expand the
Identification test from its original, brief cross-reference to the
Erythromycin Ethylsuccinate monograph to present a complete
detailed procedure. The test will be deleted from the Other
requirements section and included in a new Identification section.

(MD-ANT: A. Wise) RTS—C65583

Add the following:

&Identification, Infrared Absorption h197Si—

Solution: 1 in 100.

Medium: chloroform.

Cell size: 1.0 mm.&2S (USP32)

Change to read:

Other requirements—It conforms to the Definition, responds to the
Identification test,

&

&2S (USP32)
and meets the requirements for pH, Water, Residue on ignition,
Crystallinity, and the Assay under Erythromycin Ethylsuccinate.

BRIEFING

Famotidine for Oral Suspension, USP 31 page 2138. On the
basis of comments received, it is proposed to add a clarification to
the test for Uniformity of dosage units.

(MD-GRE: E. Gonikberg) RTS—C66629

Change to read:

Uniformity of dosage units h905i: meets the requirements for
Content Uniformity.

&For the product in multi-dose containers, the unit is a 5-mL

aliquot of the suspension, constituted as directed in the

labeling.&2S (USP32)

BRIEFING

Fexofenadine Hydrochloride and Pseudoephedrine
Hydrochloride Extended-Release Tablets, USP 31 page 2164
and the Interim Revision Announcement appearing on page 892 of
PF 34(4) [July–Aug. 2008]. On the basis of comments received and
also in line with USP’s flexible monograph policy, it is proposed to
add three impurity tests to the Related compounds section. Users are
to perform either (a) Test 1 or (b) Test 2, Test 3, and Test 4. It is also
proposed to add a Labeling requirement for Related compounds tests
other than Test 1. The liquid chromatographic procedure in Related
compounds Test 2 was validated with a Keystone Beta Basic C-18
column that contains 5-mm packing L1. The typical retention time of
fexofenadine under the specified conditions is about 20 minutes. Test
3 was validated using a Zorbax Rx-Sil column that contains 5-mm
packing L3. The typical retention time of pseudoephedrine under the
specified conditions is about 8 minutes. Test 4 was validated with a
Keystone Beta Basic C-18 column that contains 5-mm packing L1.
The typical retention time of pseudoephedrine under the specified
conditions is about 25 minutes. Also, in the Assay, it is proposed to
revise the resolution requirement between pseudoephedrine and
ephedrone from NLT 1.7 to NLT 1.5. A resolution of NLT 1.5 is
supported by the validation data.

(MD-PS: D. Bempong) RTS—C65291

Change to read:

Labeling—When more than one Dissolution test is given, the
labeling states the test used only if Test 1 is not used.

&If a test for Related compounds other than Test 1 is used, the

labeling states with which Related compounds tests the article

complies.&2S (USP32)

Change to read:

USP Reference standards h11i—
&USP Benzoic Acid RS.&2S (USP32)
USP Fexofenadine Hydrochloride RS. USP Fexofenadine Related
Compound A RS. USP Pseudoephedrine Hydrochloride RS.
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Change to read:

Related compounds —

&[NOTE—Based on knowledge of the product, perform either:

(a) Test 1 or (b) Test 2, Test 3, and Test 4.]

TEST 1—&2S (USP32)
Buffer solution, Mobile phase, System suitability preparation, and

Chromatographic system—Proceed as directed in the Assay.
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Reference solution—Use the Assay preparation.
Test solution—Use the Assay stock preparation, prepared as

directed in the Assay.
Chromatographic system (see Chromatography h621i)—Chro-

matograph the System suitability preparation as directed for
Procedure: the relative retention times are about 1.2 for ephedrone
and 1.0 for pseudoephedrine; the resolution, R, between pseudoe-
phedrine and ephedrone is not less than 1.7; and the relative standard
deviation for replicate injections is not more than 1.0% based on the
pseudoephedrine peak. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the relative
retention times are about 1.2 for fexofenadine related compound A,
3.1 for decarboxylated degradant, and 1.0 for fexofenadine; the
resolution, R, between fexofenadine and fexofenadine related
compound A is not less than 2.0; and the relative standard deviation
for replicate injections is not more than 1.0% based on the
fexofenadine peak and not more than 3.0% based on the individual
peaks for fexofenadine related compound A and decarboxylated
degradant.
Procedure—Separately inject equal volumes (about 20 mL) of the

Test solution and the Reference solution into the chromatograph,
record the chromatograms, and measure all of the peak responses.
Calculate the percentage of fexofenadine related compound A and
decarboxylated degradant in the portion of Tablets taken by the
formula:

100(CS /CT)(ri / rS)

in which CS is the concentration, in mg per mL, of either USP
Fexofenadine Related Compound A RS or decarboxylated degradant
in the Standard solution; CT is the nominal concentration, in mg per
mL, of fexofenadine .hydrochloride.4 in the Test solution; ri is the
individual peak area of either fexofenadine related compound A or
decarboxylated degradant obtained from the Test solution; and rS is
the peak area of fexofenadine related compound A obtained from the
Standard solution. Calculate the percentage of ephedrone in the
portion of Tablets taken by the formula:

(100/F)(CS /CT)(ri / rS)

in which F is the relative response factor for ephedrone (F is 0.394);
CS is the concentration, in mg per mL, of USP Pseudoephedrine
Hydrochloride RS in the Standard solution; CT is the nominal
concentration, in mg per mL, of pseudoephedrine .hydrochloride.4
in the Test solution; ri is the peak height for ephedrone obtained from
the Test solution; and rS is the peak height for pseudoephedrine
obtained from the Standard solution. Calculate the percentage of any
other impurities in the portion of Tablets taken by the formula:

100ri / (25rS + rT)

in which ri is the individual peak area response for an individual
unknown impurity in the Test solution; 25 is the difference in
concentration between the Test solution and the Reference solution;
rS is the peak area response for fexofenadine .hydrochloride.4
obtained from the Reference solution; and rT is the sum of the
peak area responses of all unknown impurities in the Test solution.
Disregard any peak below 0.05%.

Table 1

Compound

Relative
Retention
Time

Acceptance
Criteria

Pseudoephedrine 1.0 —
Ephedrone 1.2a not more than 0.2%
Fexofenadine 1.0 —
Fexofenadine related
compound A

1.2b not more than 0.4%

Decarboxylated degra-
dant1

3.1b not more than 0.2%

.Tertiary dehydrated im-
purity2.4

1.8 not more than 0.2%

Any individual other
impurity

— .not more than 0.2%.4

.
.4
Total impurities — not more than 0.8%

a Relative to pseudoephedrine.
b Relative to fexofenadine.
1 (+)-4-(1-Hydroxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-butyl]-
isopropylbenzene.
.2 4-[4{4-(Diphenylmethylene)-1-piperidinyl}-1-hydroxybutyl]-2,2-dimethyl
phenyl acetic acid..4

&TEST 2—

Phosphate buffer—Dissolve 2.7 g of monobasic potassium

phosphate and 2.2 g of sodium 1-octanesulfonate in 1000 mL

of water, and adjust with phosphoric acid to a pH of 2.50+

0.05.

Mobile phase—Prepare a filtered and degassed mixture of

methanol and Phosphate buffer (60 : 40). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard stock solution—Dissolve accurately weighed

quantities of USP Fexofenadine Hydrochloride RS in Mobile

phase, and dilute quantitatively, and stepwise if necessary,

with Mobile phase, to obtain a solution having a known

concentration of about 0.18 mg per mL.

Standard solution—Transfer 6.0 mL of the Standard stock

solution into a 100-mL volumetric flask, dilute with Mobile

phase to volume, and mix.

Limit of quantitation solution—Transfer 5.0 mL of the

Standard solution into a 100-mL volumetric flask, dilute with

Mobile phase to volume, and mix.

Test solution—Weigh and finely powder 9 Tablets, and

quantitatively transfer the ground powder to a 500-mL

volumetric flask, with the aid of about 200 mL of Mobile

phase. Sonicate for about 10 minutes, and add an additional
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100 mL of Mobile phase. Shake by mechanical means for

about 30 minutes, dilute with Mobile phase to volume, and

mix. Pass a portion of the solution through a 0.45-mm

polypropylene or polysulfone membrane filter, and discard at

least the first 10 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with the wavelength set at 215-nm and a 4.6-mm 6 25-cm

column that contains 5-mm packing L1. The flow rate is about

1.0 mL per minute, and the run time is about six times the

retention time of fexofenadine. Chromatograph the Limit of

quantitation solution as directed for Procedure: the signal-to-

noise ratio is not less than 10. Chromatograph the Standard

solution as directed for Procedure: the tailing factor for the

fexofenadine peak is not more than 2.0; and the relative

standard deviation for replicate injections is not more than

5.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all

the peak responses. Calculate the amount of each impurity, as

a percentage of the label claim of fexofenadine hydrochloride

in the portion of Tablets taken by the formula:

100(1 /F)(CS /CT)(ri / rS)

in which F is the relative response factor (see Table 2 for

values), CS is the concentration, in mg per mL, of

fexofenadine hydrochloride in the Standard solution; CT is

the nominal concentration, in mg per mL, of fexofenadine

hydrochloride in the Test solution; ri is the response of

individual impurities from the Test solution; and rS is the

response obtained for fexofenadine in the Standard solution.

The impurity limits are as shown in Table 2.

Table 2

Compound

Relative

Retention

Time

Relative

Response

Factor

Limits

(%)

Fexofenadine 1.0 1.0 —

Meta fexofenadine 1.14 1.0 0.2

Fexofenadine related

compound A

1.38 0.83 0.4

Tertiary dehydrated im-

purity1

2.25 1.3 0.2

Individual unspecified

impurity

— 1.0 0.2

Total impurities — — 0.5

1 4-[4{4-(Diphenylmethylene)-1-piperidinyl}-1-hydroxybutyl]-2,2-
dimethyl phenyl acetic acid.

TEST 3—

Acetate buffer—Dissolve 2.0 g of ammonium acetate in 500

mL of water.

Mobile phase—Prepare a filtered and degassed mixture of

methanol and Acetate buffer (95 : 5). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Diluent—Use methanol and water (1 : 1).

Standard stock solution—Dissolve accurately weighed

quantities of USP Pseudoephedrine Hydrochloride RS in

Diluent, and dilute quantitatively, and stepwise if necessary,

with Diluent to obtain a solution having a known concentra-

tion of about 0.18 mg per mL.

Standard solution—Transfer 6.0 mL of the Standard stock

solution into a 100-mL volumetric flask, dilute with Diluent

to volume, and mix.

Limit of quantitation solution—Transfer 5.0 mL of the

Standard solution into a 100-mL volumetric flask, dilute with

Diluent to volume, and mix.
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Test solution—Weigh and finely powder 9 Tablets, and

quantitatively transfer the ground powder to a 500-mL

volumetric flask, with the aid of about 200 mL of Diluent.

Sonicate for about 10 minutes, and add 100 mL of Diluent.

Shake by mechanical means for about 30 minutes, dilute with

Diluent to volume, and mix. Pass a portion of the solution

through a 0.45-mm polypropylene or polysulfone membrane

filter, and discard at least the first 10 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with the wavelength set at 215-nm, and a 4.6-mm 6 25-cm

column that contains 5-mm packing L3. The flow rate is about

1.0 mL per minute. Chromatograph the Limit of quantitation

solution as directed for Procedure: the signal-to-noise ratio is

not less than 10. Chromatograph the Standard solution as

directed for Procedure: the tailing factor for the pseudoe-

phedrine peak is not more than 2.0; and the relative standard

deviation for replicate injections is not more than 5.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all

the peak responses. Calculate the amount of each impurity, as

a percentage of the label claim of pseudoephedrine

hydrochloride in the portion of Tablets taken by the formula:

100 (1 /F)(CS /CT)(ri / rS)

in which F is the relative response factor (F is equal to 0.52

for ephedrone, the peak with a relative retention time of about

0.85 relative to the pseudoephedrine peak, and is equal to 1.0

for any unspecified impurity); CS is the concentration, in mg

per mL, of pseudoephedrine hydrochloride in the Standard

solution; CT is the nominal concentration, in mg per mL, of

pseudoephedrine hydrochloride in the Test solution; ri is the

response of individual impurities from the Test solution, and

rS is the response obtained for pseudoephedrine in the

Standard solution. Not more than 0.2% of ephedrone is

found, and not more than 0.1% of any individual unspecified

impurity is found.

TEST 4—

Phosphate buffer—Dissolve 2.7 g of monobasic potassium

phosphate and 2.2 g of sodium 1-octanesulfonate in 1000 mL

of water, and adjust with phosphoric acid to a pH of 2.50+

0.05.

Solution A—Prepare a filtered mixture of methanol and

Phosphate buffer (40 : 60).

Solution B—Prepare a filtered mixture of methanol and

Phosphate buffer (70 : 30).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent—Use methanol and water (1 : 1).

Standard stock solution—Dissolve accurately weighed

quantities of USP Benzoic Acid RS in Diluent, and dilute

quantitatively, and stepwise if necessary, with Diluent to

obtain a solution having a known concentration of about 0.18

mg per mL.

Standard solution—Transfer 6.0 mL of the Standard stock

solution into a 50-mL volumetric flask, dilute with Diluent to

volume, and mix.

Limit of quantitation solution—Transfer 5.0 mL of the

Standard solution into a 100-mL volumetric flask, dilute with

Diluent to volume, and mix.

Test solution—Weigh and finely powder 9 Tablets, and

quantitatively transfer the ground powder to a 500-mL

volumetric flask, with the aid of about 200 mL of Diluent.

Sonicate for about 10 minutes, and add 100 mL of Diluent.

Shake by mechanical means for about 30 minutes, dilute with

Diluent to volume, and mix. Pass a portion of the solution

through a 0.45-mm polypropylene or polysulfone membrane

filter, and discard at least the first 10 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with the wavelength set at 215-nm and a 4.6-mm 6 25-cm
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column that contains 5-mm packing L1. The flow rate is about

1.0 mL per minute. The chromatograph is programmed as

shown in Table 3.

Table 3

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0?40 100 0 isocratic

40?41 100?0 0?100 gradient

41?65 0 100 isocratic

65?66 0?100 100?0 gradient

66?90 100 0 isocratic

Chromatograph the Limit of quantitation solution as directed

for Procedure: the signal-to-noise ratio is not less than 10.

Chromatograph the Standard solution as directed for

Procedure: the tailing factor for the benzoic acid peak is

not more than 2.0; and the relative standard deviation for

replicate injections is not more than 5.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and Test solution into the

chromatograph, record the chromatograms, and measure all

the peak responses. Calculate the amount of each impurity, as

a percentage of the label claim of pseudoephedrine

hydrochloride in the portion of Tablets taken by the formula:

100(1 /F)(CS /CT)(ri / rS)

in which F is the relative response factor (see Table 4 for

values), CS is the concentration, in mg per mL, of benzoic

acid in the Standard solution; CT is the nominal concentration,

in mg per mL, of pseudoephedrine hydrochloride in the Test

solution; ri is the response of individual impurities from the

Test solution, and rS is the response obtained for benzoic acid

in the Standard solution. The impurity limits are as shown in

Table 4.

Table 4

Compound

Relative

Retention

Time

Relative

Response

Factora

Limits

(%)

Benzaldehyde 0.43 0.40 0.1

Benzoic acid 0.55 1.0 0.1

Ephedroneb 0.97 — —

Pseudoephedrine 1.0 0.52 —

Individual unspeci-

fied impurity

— 0.52c 0.1

a Response factors relative to benzoic acid.
b Ephedrone is not quantitated in this method. A separate method is
used for the quantitation of this impurity.
c The response factor of pseudoephedrine relative to that of benzoic
acid is used in the calculation of individual unspecified impurities.

The combined total of impurities from Test 3 and Test 4 is not

more than 0.3%.&2S (USP32)

Change to read:

Assay—
Buffer solution—Dissolve 6.8 g of sodium acetate and 16.22 g of

sodium 1-octanesulfonate in water, and dilute with water to 1 L.
Adjust with glacial acetic acid to a pH of 4.6.
Mobile phase—Prepare a filtered and degassed mixture of

methanol and Buffer solution (65 : 35). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
System suitability preparation—Transfer an accurately weighed

quantity, about 40 mg, of USP Pseudoephedrine Hydrochloride RS
to a 50-mL volumetric flask. Add 5 mL of tert-butylhydroperoxide
solution, and sonicate. Cover the flask opening with aluminum foil,
and place the flask in an oven at about 908 for 60 minutes. Remove
from the oven, and allow to cool. Add 35 mL of Mobile phase, and
cool to room temperature. Dilute with Mobile phase to volume, and
mix. The degradation of pseudoephedrine hydrochloride by this
process produces the related compound ephedrone.
Related compounds preparation—Dissolve accurately weighed

quantities of USP Fexofenadine Related Compound A RS and
decarboxylated degradant .*.4 in a volume of methanol, and dilute
quantitatively, and stepwise if necessary, with Buffer solution to
maintain a ratio of methanol and Buffer solution (60 : 40). Dilute
quantitatively, and stepwise if necessary, with methanol and Buffer
solution (60 : 40) to obtain a solution having known concentrations
of 0.2 mg per mL for each component. Dilute 10.0 mL of this
solution with Mobile phase to 100 mL to obtain a final solution
having known concentrations of 0.02 mg per mL for each
component.

Standard stock preparation—Dissolve accurately weighed
quantities of USP Fexofenadine Hydrochloride RS and USP
Pseudoephedrine Hydrochloride RS in Mobile phase, and dilute
quantitatively, and stepwise if necessary, withMobile phase to obtain
a solution having known concentrations of about 0.4 mg per mL and
0.8 mg per mL of fexofenadine .hydrochloride.4 and pseudoephed-
rine .hydrochloride,.4 respectively.
Standard preparation—Dilute 6.0 mL of the Standard stock

preparation and 15.0 mL of the Related compounds preparation
with Mobile phase to 50 mL to obtain a solution having known
concentrations of about 0.048 mg of fexofenadine hydrochloride per

* Available from USP as USP Fexofenadine Related Compound C AS, Cat#
1270446.
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mL, 0.096 mg of pseudoephedrine hydrochloride per mL, 0.006 mg
of fexofenadine related compound A per mL, and 0.006 mg of
decarboxylated degradant per mL.

Assay stock preparation—Transfer not fewer than 10 whole
Tablets to a 500-mL volumetric flask. Add 300 mL of methanol, and
shake by mechanical means at high speed for 60 minutes. Sonicate
the flask for 60 minutes at 408. Add 150 mL of Buffer solution, and
sonicate for 60 minutes at 408. Vent the flask, and vigorously shake
the flask by hand at 15-minute intervals during the mechanical
shaking and sonication steps. Cool to room temperature, and dilute
with Buffer solution to volume to obtain a solution containing
approximately 1.2 mg of fexofenadine .hydrochloride.4 per mL and
2.4 mg of pseudoephedrine .hydrochloride.4 per mL. Pass a portion
of this solution through a filter having a 0.45-mm or finer porosity,
and use the filtrate.
Assay preparation—Dilute 4.0 mL of the Assay stock preparation

filtrate with Mobile phase to 100 mL. The final concentrations of
fexofenadine .hydrochloride.4 and pseudoephedrine .hydrochlo-
ride.4 are 0.048 mg per mL and 0.096 mg per mL, respectively.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 215-nm detector and a
4.6-mm 6 5-cm column that contains 5-mm packing L6 connected
in series to a 4.6-mm 6 25-cm column that contains 5-mm packing
L11. The flow rate is about 1.5 mL per minute. The column
temperature is maintained at 358. Chromatograph the System
suitability preparation as directed for Procedure: the relative
retention times are about 1.2 for ephedrone and 1.0 for pseudoe-
phedrine; the resolution, R, between pseudoephedrine and ephedrone
is not less than 1.7

&1.5;&2S (USP32)
and the relative standard deviation for replicate injections is not more
than 1.0% based on the pseudoephedrine peak. Chromatograph the
.Standard preparation,.4 and record the peak responses as directed
for Procedure: the relative retention times are about 1.2 for
fexofenadine related compound A, 3.1 for decarboxylated degradant,
and 1.0 for fexofenadine; the resolution, R, between fexofenadine
and fexofenadine related compound A is not less than 2.0; and the
relative standard deviation for replicate injections is not more than
1.0% based on the fexofenadine peak.

Procedure—Separately inject equal volumes (about 20 mL) of the
Standard preparation and Assay preparation into the chromato-
graph, record the chromatograms, and measure the responses for the
fexofenadine and pseudoephedrine peaks. Calculate the percentage
of the label claim of fexofenadine hydrochloride (C32H39NO4 �HCl)
and pseudoephedrine hydrochloride (C10H15NO �HCl) in the portion
of Tablets taken by the formula:

100(CS /CT)(rU / rS)

in which CS is the concentration, in mg per mL, of either USP
Fexofenadine Hydrochloride RS or USP Pseudoephedrine Hydro-
chloride RS in the Standard preparation; CT is the nominal
concentration, in mg per mL, of either fexofenadine .hydrochlo-
ride.4 or pseudoephedrine .hydrochloride.4 in the Assay prepara-
tion; and rU and rS are the peak responses obtained for either
fexofenadine or pseudoephedrine from the Assay preparation and
the Standard preparation, respectively.

BRIEFING

Glyburide and Metformin Hydrochloride Tablets, USP 31
page 2284. Comments were received that the excipient matrix may
interfere with the infrared absorption under Identification test A for
Glyburide. It is proposed to replace this test with the retention time
agreement of the major peaks in the Assay preparation and the
Standard preparation, as obtained in the Assay for glyburide.

(MD-GRE: E. Gonikberg) RTS—C65648

Change to read:

Identification—
A: GLYBURIDE—
Infrared Absorption h197Ki—Prepare the test specimen as

follows. Grind 5 Tablets to a fine powder. Add 25 mL of water,
and shake for 5 minutes. Add 25 mL of chloroform, and shake for an
additional 5 minutes. Centrifuge at 2500 rpm for 5 minutes. Transfer
the lower chloroform layer to another container, evaporate the
solvent under a stream of nitrogen, and dry the extract at 608 for
3 hours: the IR absorption spectrum of a potassium bromide
dispersion prepared from the residue so obtained exhibits maxima
only at the same wavelengths as that of a similar preparation of USP
Glyburide RS.

&The retention time of the glyburide peak in the chromato-

gram of the Assay preparation corresponds to that of the

major peak in the chromatogram of the Standard preparation,

as obtained in the Assay for glyburide.&2S (USP32)
B: METFORMIN HYDROCHLORIDE—
The retention time of the major peak in the chromatogram of the

Assay preparation corresponds to that in the chromatogram of the
Standard preparation, as obtained in the Assay for metformin
hydrochloride.

BRIEFING

Halazone, USP 31 page 2315—See briefing under Acetamino-
phen.

(GTMDB: R. Tirumalai; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 100 mg in 0.5
mL of sulfuric acid TS

&

&2S (USP32)
: no blackening occurs, although some effervescence may take place.
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BRIEFING

Imipramine Hydrochloride, USP 31 page 2384. It is proposed to
delete the Melting range test. This test was included in the original
monograph when there was no selective method to quantify the
impurities. The currently official monograph contains an HPLC
method; therefore, the Melting range test contributes no additional
value in establishing the quality of the drug substance.

(MD-PP: R. Ravichandran) RTS—C66044

Delete the following:

&Melting range h741i: between 1708 and 1748.&2S (USP32)

BRIEFING

Irbesartan, USP 31 page 2446. On the basis of comments
received, it is proposed to add a note to the Limit of azide test to
indicate that a suitable background suppression unit may be used.

(MD-CV: S. Ramakrishna) RTS—C66813

Change to read:

Limit of azide—
Mobile phase—Prepare a filtered and degassed 0.1N sodium

hydroxide solution (see System Suitability under Chromatography
h621i).
Standard solution—Transfer about 25 mg of sodium azide,

accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with Mobile phase to volume, and mix. Pipet 250 mL of this
solution into a 200-mL volumetric flask, dilute with Mobile phase to
volume, and mix. This solution contains about 0.312 mg of sodium
azide per mL.
Test solution—Transfer about 100 mg of Irbesartan, accurately

weighed, to a 5-mL volumetric flask, dissolve in and dilute with
Mobile phase to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a conductimetric detector

&[NOTE—A suitable background suppression unit may be

used.]&2S (USP32)
and a 4.0-mm 6 25-cm column that contains packing L31. The flow
rate is about 1.0 mL per minute. Chromatograph the Standard
solution, and record the peak responses as directed for Procedure:
the signal-to-noise ratio for the azide peak is not less than 10.
Procedure— Separately inject equal volumes (about 200 mL) of

the Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak areas for azide.
Calculate the amount of azide, in ppm, in the portion of Irbesartan
taken by the formula:

1000(CS /CT)(42.02/65.01)(rU / rS)

in which CS is the concentration, in mg per mL, of sodium azide in
the Standard solution; CT is the concentration, in mg per mL, of
Irbesartan in the Test solution; rU is the peak area for azide obtained
from the Test solution; and rS is the peak area for azide obtained from
the Standard solution: not more than 10 ppm of azide is found.

BRIEFING

Lactic Acid, USP 31 page 2496. See briefing under Acetamino-
phen.

(DSN: L. Evans; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances—Rinse a test tube with sulfuric
acid TS

&

&2S (USP32)
, and allow to drain for 10 minutes. Add 5 mL of sulfuric acid TS

&

&2S (USP32)
to the test tube, carefully overlay it with 5 mL of Lactic Acid, and
maintain the tube at a temperature of 158: no dark color develops at
the interface of the two acids within 15 minutes.

BRIEFING

Losartan Potassium Tablets. Because there is no existing USP
monograph for this drug product, a new monograph is proposed
based on validated methods. The proposed liquid chromatographic
procedures in the test for Related compounds and in the Assay are
based on analyses performed with the Waters Symmetry C8 brand of
L7 column. The approximate retention time of the losartan peak is
about 2.6 minutes. The test for Uniformity of dosage units is based
on analysis performed with the Phenomenex Lichrosorb brand of L7
column. The approximate retention time for the losartan peak is
about 3.5 minutes under these conditions.

(MD-CV: S. Ramakrishna; H. Ramanathan; BPC: M. Mar-
ques) RTS—C58813

Add the following:

&Losartan Potassium Tablets

» Losartan Potassium Tablets contains not less than

95.0 percent and not more than 105.0 percent of

C22H22ClKN6O.

Packaging and storage—Store in tightly-closed containers,

protected from light, at controlled room temperature.
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USP Reference standards h11i—USP Losartan Potassium

RS.

Identification—

A: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

Medium: water; 900 mL, deaerated.

Apparatus 2: 50 rpm.

Time: 30 minutes.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Losartan Potassium RS in Medium, and dilute

quantitatively, and stepwise if necessary, with Medium to

obtain a solution having a known concentration of about L/

1000 mg per mL, where L is the tablet label claim, in mg.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Procedure—Determine the amount of losartan potassium

dissolved by employing UV absorption at the wavelength of

maximum absorbance at about 256 nm on portions of the Test

solution in comparison with the Standard solution, using

Medium as blank. Calculate the percentage of C22H22ClKN6O

dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and the Standard solution, respectively; CS is the

concentration, in mg per mL, of the Standard solution; 900 is

the volume, in mL, of Medium; 100 is the conversion factor

to percentage; and L is the tablet label claim, in mg.

Tolerances—Not less than 75% (Q) of the labeled amount

of C22H22ClKN6O is dissolved in 30 minutes.

Uniformity of dosage units h905i: meets the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—

Buffer solution—Dissolve 2.72 g of monobasic potassium

phosphate in water, and dilute to a volume of 2000 mL.

Adjust with phosphoric acid to a pH of 2.5. Mix well, and

filter.

Mobile phase—Prepare a degassed mixture of acetonitrile

and Buffer solution (3 : 2). Make adjustments if necessary (see

Chromatography h621i).

Diluent—Dissolve 17.42 g of dibasic potassium phosphate

in 900 mL of water. Adjust with phosphoric acid to a pH of

8.0. Dilute with water to a volume of 1000 mL, and mix well.

Prepare a dilution in water (1 in10), and mix well.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Losartan Potassium RS in Diluent to obtain a

solution having a known concentration of about 0.05 mg per

mL.

Stock test solution—Transfer 1 Tablet to a 100-mL

volumetric flask, add about 65 mL of Diluent, and shake

mechanically for about 30 minutes. Dilute with Diluent to

volume, and mix well.

Test solution—Dilute quantitatively a suitable volume of

the Stock test solution with Diluent to obtain a solution

containing about 0.05 mg per mL of losartan potassium. Filter

an aliquot of the solution, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detector

and a 4.6-mm 6 25-cm column that contains 10-mm packing

L7. The flow rate is about 1.4 mL per minute. Chromatograph

the Standard solution, and record the peak responses as

directed for Procedure: the column efficiency as determined

for the losartan peak is not less than 3000 theoretical plates;

and the relative standard deviation for replicate injections is

not more than 2.0% for the losartan peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the
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responses of the major peaks. Calculate the quantity, in

percentage, of C22H22ClKN6O in the Tablet taken by the

formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of Losartan

Potassium in the Standard solution; CU is the concentration,

in mg per mL, of losartan potassium in the Test solution; and

rU and rS are the peak responses for the losartan peak obtained

from the Test solution and the Standard solution, respectively.

Related compounds—

Solution A, Solution B, and Mobile phase—Proceed as

directed in the Assay.

System suitability solution—Use the System suitability

preparation, prepared as directed in the Assay.

Stock standard solution—Use the Standard preparation,

prepared as directed in the Assay.

Standard solution—Dilute quantitatively a suitable volume

of Stock standard solution in Solution A to obtain a solution

with a known concentration of about 0.0025 mg per mL of

losartan potassium.

Limit of quantitation solution—Dilute the Standard solu-

tion in Solution A (1 in 10).

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Chromatographic system—Proceed as directed in the Assay

except to inject the Standard solution instead of the Standard

preparation, and the percent relative standard deviation for

this solution is not more than 5.0. In addition, chromatograph

the Limit of quantitation solution, and calculate the signal-to-

noise ratio. The signal-to-noise ratio of the losartan peak must

be �10 for the first injection. If this is not met, then the

signal-to-noise ratio must be greater than 3 with a relative

standard deviation of area counts less than 25% for three

replicate injections.

Procedure—Separately inject equal volumes of the Stan-

dard solution and the Test solution (about 10 mL), and record

the peak responses. Identify the peaks using the relative

retention times provided in Table 1. Calculate the percentage

of each impurity in the portion of Tablets taken by the

formula:

100(CS /CU)(ri / rS)

in which CS is concentration of Losartan potassium, in mg per

mL, in the Standard solution; CU is the nominal concentration

of losartan potassium, in mg per mL, in the Test solution; ri is

the peak response of each individual impurity obtained from

the Test solution; and rS is the response of the losartan peak

obtained from the Standard solution.

Table 1

Compound

Relative

Retention

Time

Limit

(%)

Losartan 1.0 —

1-H-Dimer1 2.4 0.5

2-H-Dimer2 2.9 0.5

Total impurities3 — 1.0

1 5-[4’-({2-Butyl-5-[(5-{4’-[(2-butyl-4-chloro-5-hydroxymethyl-1H-
imidazol-1-yl)methyl]biphenyl-2-yl}-1H-tetrazol-1-yl)methyl]-4-
chloro-1H-imidazol-1-yl}methyl)biphenyl-2-yl]tetrazol, potassium
salt
2 5-[4’-({2-Butyl-5-[(5-{4’-[(2-butyl-4-chloro-5-hydroxymethyl-1H-
imidazol-1-yl)methyl]biphenyl-2-yl}-2H-tetrazol-2-yl)methyl]-4-
chloro-1H-imidazol-1-yl}methyl)biphenyl-2-yl]tetrazol, potassium
salt.
3 The total impurities include the sum of all the specified impurities
and the sum of all the unspecified impurities which are equal to or
greater than 0.1%.

Assay—

Buffer solution pH 7.0—Dissolve 2.5 g of monobasic

potassium phosphate and 3.0 g of dibasic sodium phosphate

in water, and dilute to 2000 mL. The resulting pH is

approximately 7.0. Pass the solution through a 0.45-mm PTFE

or equivalent filter, and degas before use.

Solution A—Prepare a mixture of Buffer solution and

acetonitrile (17 : 3).
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Solution B—Use acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B as indicated in Table 2. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Stock system suitability preparation—Dissolve an ac-

curately weighed known quantity of about 12 mg of USP

Losartan Potassium RS in a 50-mL volumetric flask, first

using 5 mL of water, followed by 5 mL of 0.1 N hydrochloric

acid. Place the flask in a 1058 oven for 1 to 2 hours, and allow

to cool to room temperature. Pipet 5 mL of 0.1N sodium

hydroxide into the flask, and dilute with water to volume.

Adjust with 0.1N hydrochloric acid to a pH of 6.0. [NOTE—

The resulting solution contains the 1-H-dimer and 2-H-

dimer.]

System suitability preparation—Add 7 mL of Stock system

suitability preparation to 3 mL of acetonitrile, and mix well.

Standard preparation—Dissolve an accurately weighed

quantity of USP Losartan Potassium RS in Solution A to

obtain a solution having a known concentration of about 0.25

mg per mL, and pass through a 0.45-mm PTFE or equivalent

filter.

Stock assay preparation—Transfer 10 Tablets to a 500-mL

volumetric flask, add Solution A to fill the flask about 50% of

the final volume, and sonicate with intermittent shaking for

about 15 minutes. Sonicate for an additional 10 minutes.

Dilute with Solution A to volume, and mix well.

Assay preparation—Dilute a suitable portion of the Stock

assay preparation quantitatively, and stepwise if necessary,

with Solution A to obtain a solution with a nominal

concentration of about 0.25 mg per mL of losartan. Mix

well. Pass an aliquot of the solution through a 0.45-mm PTFE

filter, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 250-nm detector

and a 3.9-mm 6 15-cm column that contains 5-mm packing

of L7. The flow rate is about 1.0 mL per minute. The

chromatograph is programmed as given in Table 2.

Table 2

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–10 80?40 20?60 linear gradient

10–11 40?80 60?20 linear gradient

11–15 80 20 re-equilibration

Chromatograph the System suitability preparation, and record

the peak responses as directed for Procedure: the resolution,

R, between the 1-H-dimer and 2-H-dimer is greater than 2.0;

and the tailing factors of the losartan, 1-H-dimer and 2-H-

dimer peaks are less than 2.0. Chromatograph the Standard

preparation. The tailing factor of the losartan peak is less than

2.0; the theoretical plate count for the losartan peak is greater

than 3000; and the percent relative standard deviation for five

replicate injections is not more than 2.0% for the losartan

peak.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms for about 5

times the retention time of the losartan peak, and measure the

peak responses. Calculate the percentage of C22H22ClKN6O in

the portion of Tablets taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration of losartan potassium, in mg

per mL, in the Standard preparation; CU is the nominal

concentration of losartan potassium, in mg per mL, in the

Assay preparation; and rU and rS are the peak responses of the

losartan peak obtained from the Assay preparation and the

Standard preparation, respectively.&2S (USP32)
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BRIEFING

Mesna. Because there is no existing USP monograph for this drug
substance, a new monograph, based on the monograph published in
the European Pharmacopoeia 5.1, is being proposed. The liquid
chromatographic procedure in the test for Related compounds is
based on analyses performed using the mBondapak C18 brand of
column containing packing L1. The typical retention time for mesna
is about 4.8 minutes.

(MD-CCA: C. Anthony) RTS—C49311

Add the following:

&Mesna

C2H5NaO3S2 164.18

Ethanesulfonic acid, 2-mercapto-, monosodium salt.

Sodium 2-mercaptoethanesulfonate.

Sodium 2-sulphanylethanesulphonate [19767-45-4].

»Mesna contains not less than 96.0 percent and not

more than 102.0 percent of C2H5NaO3S2, calculat-

ed on the dried basis.

Packaging and storage—Preserve in a tight container, and

store at room temperature.

USP Reference standards h11i—USP Mesna RS. USP

Mesna Related Compound A RS. USP Mesna Related

Compound B RS.

Identification—

A: Infrared Absorption h197Ki.

B: A solution meets the requirements of the flame test for

Sodium h191i.

pH h791i: between 4.5 and 6.0.

Loss on drying—Dry about 1 g, accurately weighed, in

vacuum at a pressure not exceeding 1 mm of mercury at 608

over phosphorus pentoxide for 2 hours: it loses not more than

1.0% of its weight.

Limit of chloride—

Chloride standard solution—Dissolve an accurately

weighed quantity of sodium chloride in water to obtain a

solution having a concentration of about 0.824 mg per mL.

Transfer 1.0 mL of this solution to a 100-mL volumetric flask,

dilute with water to volume, and mix.

Test solution—Dissolve 10.0 g of Mesna in carbon dioxide-

free water in a 50-mL volumetric flask, and dilute with the

same solvent to volume.

Procedure—To 1 mL of the Test solution and 15 mL of

water, add 1 mL of 2M nitric acid. Add the resulting solution

to 1 mL of a silver nitrate solution (17 g in 1000 mL), and

allow to stand for 5 minutes, protected from light. To 10 mL

of the Chloride standard solution, add 5 mL of water and

1 mL of 2M nitric acid. To this solution, add 1 mL of silver

nitrate solution (17 g in 1000 mL), and allow to stand for 5

minutes, protected from light. When viewed against a dark

background, the Test solution is not more turbid than the

Chloride standard solution: not more than 250 ppm.

Limit of sulfate—

Sulfate standard solution—Dissolve an accurately weighed

quantity of potassium sulfate in alcohol to obtain a solution

having a concentration of about 0.181 mg per mL.

Immediately before use, dilute with alcohol to 100 times its

volume, and mix.

Test solution—Add 5.0 mL of the Test solution prepared as

directed in the test for Limit of chloride to a 30-mL

volumetric flask, and dilute with water to volume.

Procedure—Add 3 mL of a 250-mg solution of barium

chloride to 4.5 mL of Sulfate standard solution. Shake and

allow to stand for 1 minute. To 2.5 mL of this solution, add 15

mL of the Test solution and 0.5 mL of acetic acid. Use 15 mL

of this mixture for comparison with 15 mL of the Sulfate
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standard solution, prepared in the same manner, but using the

Sulfate standard solution instead of the Test solution. After 5

minutes, any opalescence in the Test solution is not more

intense than that in the Sulfate standard solution: not more

than 300 ppm.

Heavy metals, Method I h231i: 0.001%.

Related compounds—

Mobile phase—In a 1000-mL volumetric flask, dissolve

2.94 g of potassium dihydrogen phosphate, 2.94 g of

dipotassium hydrogen phosphate, and 2.6 g of tetrabutylam-

monium hydrogen sulfate in about 600 mL of water. Adjust to

a pH of 2.3 with phosphoric acid, add 335 mL of methanol,

and dilute with water to volume.

System suitability solution—Dissolve accurately weighed

quantities of USP Mesna RS and USP Mesna Related

Compound A RS in Mobile phase to obtain a solution

containing about 0.18 mg per mL and 0.004 mg per mL,

respectively.

Standard solution 1—Dissolve accurately weighed quan-

tities of USP Mesna Related Compound A RS and USP

Mesna Related Compound B RS quantitatively in Mobile

phase to obtain a solution having a known concentration of

about 8 mg per mL and 120 mg per mL, respectively.

Standard solution 2—Dissolve an accurately weighed

quantity of USP Mesna RS in Mobile phase to obtain a

solution having a known concentration of about 12 mg per

mL.

Test solution—Dissolve 100 mg of Mesna in Mobile phase

in a 25-mL volumetric flask, and dilute with the same solvent

to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 235-nm detector

and a 4.6-mm 6 25-cm column that contains 10-mm packing

L1. The flow rate is about 1 mL per minute. The run time is

four times the elution time for mesna. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure: the relative retention times are about

1.4 for mesna related compound A and 1.0 for mesna; the

resolution, R, between mesna and mesna related compound A

is not less than 3.0.

Procedure—Separately inject equal volumes (about 20 mL)

of the Test solution, Standard solution 1, and Standard

solution 2 into the chromatograph, record the chromatograms,

and measure the areas of the peaks. Calculate the percentage

of mesna related compound A by the formula:

100D(C /W)(rU / rS)

in which D is the dilution factor; C is the concentration, in mg

per mL, of USP Mesna Related Compound A RS in Standard

solution 1; W is the weight, in mg, of Mesna taken to prepare

the Test solution; and rU and rS are the individual peak

responses for mesna related compound A, obtained from the

Test solution and Standard solution 1, respectively. The

impurity limit is listed in the table below. Calculate the

percentage of mesna related compound B by the formula:

100D(C /W)(rU / rS)

in which D is the dilution factor; C is the concentration, in mg

per mL, of USP Mesna Related Compound B RS in Standard

solution 1; W is the weight, in mg, of Mesna taken to prepare

the Test solution; and rU and rS are the individual peak

responses for mesna related compound B, obtained from the

Test solution and Standard solution 1, respectively. The

impurity limit is listed in the table below. Calculate the

percentage of any specified impurities (2-(carbamimidoylsul-

phanyl)ethanesulfonic acid; 2-[[(guanidino)(imino)methyl]-

sulphanyl]ethanesulfonic acid; 2-(4,6-diamino-1,3,5-triazin-

2-yl)sulphanylethanesulfonic acid; and any unspecified im-

purities using the formula:

100D(C /W)(ri / rS)

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(5) [Sept.–Oct. 2008] IN-PROCESS REVISION 1169



in which D is the dilution factor; C is the concentration, in mg

per mL, of USP Mesna RS in Standard solution 2; W is the

weight, in mg, of Mesna taken to prepare the Test solution; ri

is the individual peak response for any specified or

unspecified peak obtained from the Test solution; and rS is

the peak response for mesna, obtained from Standard solution

2. The limits of the impurities are listed in the table below.

Compound

Relative

Retention

Time

Limit

(%)

2-(Carbamimidoylsulfanyl)

ethanesulfonic acid

0.6 0.3

2-[[(Guanidino)(imino)methyl]

sulfanyl]ethanesulfonic acid

0.6 0.3

2-(4,6-Diamino-1,3,5-triazin-2-yl)

sulfanylethanesulfonic acid

0.8 0.3

Mesna 1.0 —

Mesna related compound A1 1.4 0.2

Mesna related compound B2 2.3 3.0

Individual unspecified impurities — 0.1

Total unspecified impurities — 0.3

1 2-(Acetysulfanyl)ethanesulfonic acid.
2 2,2-(Disulfanediyl)bis(ethanesulfonic acid).

Assay—Dissolve about 120 mg of Mesna, accurately

weighed, in 10 mL of water, and add 10 mL of 1M sulfuric

acid and 10 mL of 0.1 N iodine VS. Titrate with 0.1N sodium

thiosulfate VS adding 1 mL of starch TS near the endpoint.

Perform a blank determination, and make any necessary

correction (see Titrimetry h541i). Each mL of sodium

t h i o s u l f a t e i s e q u i v a l e n t t o 1 6 . 4 2 m g o f

C2H5NaO3S2.&2S (USP32)

BRIEFING

Moxifloxacin Hydrochloride. Because there is no existing USP
monograph for this drug substance, a new monograph based on the
submitted data is being proposed. The HPLC procedures used in the
test for Related compounds and in the Assay are based on analysis
performed with the Metachem Inertsil phenyl, 5-mm, brand of
column containing packing L11. The typical retention time for
moxifloxacin is about 14 minutes.

(MD-AA: B. Davani; MSA: R. Tirumalai) RTS—C43734

Add the following:

&Moxifloxacin Hydrochloride

C21H24FN3O4 �HCl 437.89

(4aS-cis)-1-Cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-7-

(octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl)-4-oxo-3-

quinolinecarboxylic acid, monohydrochloride.

1-Cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-7-[(4aS,7aS)-

octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-3-

quinolinecarboxylic acid, monohydrochloride

[186826-86-8].

» Moxifloxacin Hydrochloride contains not less

than 98.0 percent and not more than 102.0 percent

of C21H24FN3O4 �HCl, calculated on the anhydrous

basis.

Packaging and storage—Preserve in tight, light-resistant

containers. Store at room temperature.

USP Reference standards h11i—USP Moxifloxacin Hydro-

chloride RS. USP Moxifloxacin Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki.
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B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

C: To a solution (1 in 160) add diluted nitric acid, and

filter. The filtrate meets the requirements of the tests for

Chloride h191i.

Specific rotation h781Si: between –1258 and –1388 at 208.

Test solution: 10 mg per mL, in a mixture of water and

acetonitrile (1 : 1).

Microbial limits h61i—The total aerobic microbial count

does not exceed 1000 cfu per g, and the total combined molds

and yeasts count does not exceed 100 cfu per g.

pH h791i: between 3.9 and 4.6, in a solution (0.2 in 100).

Water, Method Ia h921i: not more than 4.5%.

Residue on ignition h281i: not more than 0.1%.

Sulfate h221i—A 0.6-g portion shows no more sulfate than

corresponds to 0.25 mL of 0.020N sulfuric acid (0.04%).

Related compounds—[NOTE—Protect solutions from light.]

Mobile phase and Diluent—Prepare as directed in the

Assay.

Blank solution—Use the Diluent.

Resolution solution—Prepare as directed in the Assay.

Sensitivity solution—Dilute an accurately measured volume

of the Standard solution with Diluent to obtain a solution

containing about 0.05 mg per mL. [NOTE—Store the Sensitivity

solution under refrigeration and protected from light.]

Standard solution—Dissolve an accurately weighed quan-

tity of USP Moxifloxacin Hydrochloride RS in Diluent, and

dilute quantitatively, and stepwise if necessary, with Diluent

to obtain a solution having a known concentration of about

0.002 mg per mL.

Test solution—Use the Assay preparation.

Chromatographic system (see Chromatography h621i)—

Prepare the Chromatographic system as directed in the Assay.

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure: the resolution, R,

between moxifloxacin and moxifloxacin related compound A

is not less than 1.5. Chromatograph the Standard solution,

and record the peak responses as directed for Procedure: the

column efficiency using the moxifloxacin peak is not less

than 4000 theoretical plates; the tailing factor is not more than

2.0; and the relative standard deviation for replicate injections

is not more than 2.0%. In addition, chromatograph the

Sensitivity solution, and record the peak response as directed

for Procedure. Confirm that the signal-to-noise ratio of the

moxifloxacin peak is not less than 10.

Procedure—Separately inject equal volumes (about 25 mL)

of the Blank solution, the Standard solution, and the Test

solution into the chromatograph, record the chromatograms

for at least 2 times the retention time of moxifloxacin, and

measure the peak responses, disregarding any peaks corre-

sponding to those obtained from the Blank solution. Calculate

the percentage of each impurity in the portion of Moxiflox-

acin Hydrochloride taken by the formula:

(CS /CU)(1/F)(100)(ri / rS)

in which CS is the concentration, in mg per mL, of USP

Moxifloxacin Hydrochloride RS in the Standard solution; CU

is the concentration, in mg per mL, of Moxifloxacin

Hydrochloride in the Test solution; F is the relative response

factor for the individual related compound; ri is the peak

response of each individual impurity; rS is the peak response

of moxifloxacin in the Standard solution; and 100 is the

percent factor. The limits as shown in Table 1 are met.

Table 1

Related Compound F

Relative

Retention

Time vs.

Moxifloxacin

Limit

(%)

Moxifloxacin related

compound A1

1.0 1.15 0.1

6,8-Dimethoxy2 0.71 1.32 0.1

8-Ethoxy3 1.0 1.48 0.1
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Table 1 (Continued)

Related Compound F

Relative

Retention

Time vs.

Moxifloxacin

Limit

(%)

6-Methoxy-8-fluoro4 1.0 1.71 0.1

8-Hydroxy5 0.29 1.83 0.1

Other individual

impurity

1.0 — 0.1

Total impurities — — 0.5

1 1-Cyclopropyl-6,8-difluoro-7-[(4aS,7aS)-octahydro-6H-pyr-
rolo[3,4-b]pyridin-6-yl]-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid.
2 1-Cyclopropyl-6,8-dimethoxy-7-[(4aS,7aS)-octahydro-6H-pyr-
rolo[3,4-b]pyridin-6-yl]-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid.
3 1-Cyclopropyl-8-ethoxy-6-fluoro-7-[(4aS,7aS)-octahydro-6H-pyr-
rolo[3,4-b]pyridin-6-yl]-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid.
4 1-Cyclopropyl-8-fluoro-6-methoxy-7-[(4aS,7aS)-octahydro-6H-
pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-1,4-dihydroquinoline-3-carboxyl-
ic acid.
5 1-Cyclopropyl-6-fluoro-8-hydroxy-7-[(4aS,7aS)-octahydro-6H-
pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-1,4-dihydroquinoline-3-carboxyl-
ic acid.

Assay—

Buffer solution—Dissolve 0.5 g of tetrabutylammonium

hydrogen sulfate and 1.0 g of monobasic potassium phosphate

in water, add 2 mL of phosphoric acid, dilute with water to

1000 mL, mix, and pass through a 0.45-mm filter.

Mobile phase—Prepare a degassed mixture of Buffer

solution and methanol (18 : 7). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Diluent—Add 20 mg of anhydrous sodium sulfite to 1000

mL of Buffer solution, mix gently, and pass through a 0.45-

mm filter.

Resolution solution—Dissolve suitable quantities of USP

Moxifloxacin Hydrochloride RS and USP Moxifloxacin

Related Compound A RS in Diluent to obtain a solution

containing about 0.1 mg per mL and 0.001 mg per mL,

respectively.

Standard preparation—Dissolve an accurately weighed

quantity of USP Moxifloxacin Hydrochloride RS in Diluent,

and dilute quantitatively, and stepwise if necessary, with

Diluent to obtain a solution having a known concentration of

about 0.1 mg per mL.

Assay preparation—Transfer about 50 mg of Moxifloxacin

Hydrochloride, accurately weighed, to a 10-mL volumetric

flask, dissolve in and dilute with Diluent to volume, and mix.

Transfer 1.0 mL of this solution to a 50-mL volumetric flask,

dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 293-nm detector

and 4.0-mm 6 25-cm column that contains 5-mm packing

L11. The flow rate is about 0.9 mL per minute. The column

temperature is maintained at 458. Chromatograph the

Resolution solution as directed for Procedure, and identify

the components based on their relative retention times (about

1.0 for moxifloxacin and 1.2 for moxifloxacin related

compound A.). The resolution, R, between moxifloxacin

and moxifloxacin related compound A is not less than 1.5.

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the column

efficiency using the moxifloxacin peak is not less than 4000

theoretical plates; the tailing factor is not more than 2.0; and

the relative standard deviation for replicate injections is not

more than 2.0%.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak responses for the major peaks. Calculate the

percentage of C21H24FN3O4 �HCl in the portion of Moxiflox-

acin Hydrochloride taken by the formula:

100(CS /CU)(rU / rS)

in which 100 is the percent factor; CS is the concentration, in

mg per mL, of USP Moxifloxacin Hydrochloride RS in the

Standard preparation; CU is the concentration, in mg per mL,

of Moxifloxacin Hydrochloride in the Assay preparation; and
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rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&2S (USP32)

BRIEFING

Moxifloxacin Ophthalmic Solution. Because there is no existing
USP monograph for this dosage form, a new monograph based on
submitted data is being proposed. The liquid chromatographic
procedures in the tests for Related compounds and in the Assay are
based on the Metachem Inertsil phenyl, 5-mm brand of L11 column.
The retention time for moxifloxacin is about 15 to 21 minutes in the
Assay and in Related compounds, Test 1 and about 4 to 9 minutes in
the Related compounds, Test 2.

(MD-AA: B. Davani; MSA: R. Tirumalai) RTS— C43860

Add the following:

&Moxifloxacin Ophthalmic Solution

» Moxifloxacin Ophthalmic Solution is a sterile,

self-preserved aqueous solution of Moxifloxacin

Hydrochloride. It contains not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of moxifloxacin (C21H24FN3O4).

Packaging and storage—Preserve in tight containers. Store

between 28 and 258.

USP Reference standards h11i—USP Moxifloxacin Hydro-

chloride RS. USP Moxifloxacin Related Compound A RS.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, as obtained in

the Assay.

Sterility h71i—It meets the requirements when tested as

directed for Membrane Filtration under Test for Sterility of

the Product to be Examined.

pH h791i: between 6.3 and 7.3.

Osmolality h785i: between 260 and 320 mOsmol per kg.

Related compounds—[NOTE—Protect solutions from light.

Analyze the Test solution immediately after preparation.]

TEST 1—Early-eluting related compounds (relative retention

time less than 1.8).

Buffer solution—Use the Buffer solution prepared as

directed in the Assay.

Mobile phase—Use variable mixtures of Buffer solution

and methanol as directed in Table 1. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Blank solution—Use the Buffer solution.

Resolution solution—Use the Resolution solution prepared

as directed in the Assay.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Moxifloxacin Hydrochloride RS in water to

obtain a solution containing about 6 mg per mL. Dilute

quantitatively, and stepwise if necessary, with the Buffer

solution to obtain a solution having a known concentration of

about 0.002 mg per mL.

Sensitivity solution—Dilute an accurately measured volume

of the Standard solution with Buffer solution to obtain a

solution having a known concentration of about 0.05 mg per

mL. [NOTE—Store the Sensitivity solution under refrigeration

and protected from light.]

Test solution—Use the Assay preparation.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 293-nm detector

and 4.0-mm 6 25-cm column that contains 5-mm packing

L11. The chromatograph is programmed as shown in Table 1.

The flow rate is about 0.5 mL per minute. The column

temperature is maintained at 458. Chromatograph the

Resolution solution, and record the peak responses as directed

for Procedure: the resolution, R, between moxifloxacin and

moxifloxacin related compound A is not less than 2.0.

Chromatograph the Standard solution, and record peak

responses as directed for Procedure: the column efficiency
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is not less than 4000 theoretical plates; the tailing factor is not

more than 2.0; and the relative standard deviation for replicate

injections is not more than 2.0%. In addition, chromatograph

the Sensitivity solution, and record the peak response as

directed for Procedure. Confirm that the signal-to-noise ratio

of moxifloxacin is not less than 10.

Procedure—Separately inject equal volumes (about 25 mL)

of the Blank solution, the Standard solution, and the Test

solution into the chromatograph, record the chromatograms,

and measure the peak responses, disregarding any peaks

corresponding to those obtained from the Blank solution.

Calculate the percentage of each related compound in the

portion of Ophthalmic Solution taken by the formula:

(401.43/437.89)(CS /CU)(1/F)(ri / rS)(100)

in which 401.43 and 437.89 are the molecular weights of

moxifloxacin free base and moxifloxacin hydrochoride,

respectively; CS is the concentration, in mg per mL, of USP

Moxifloxacin Hydrochloride RS in the Standard solution; CU

is the concentration, in mg per mL, of Test solution based on

the label claim; F is the relative response factor for the

individual related compound; ri is the peak response of each

individual impurity in the Test solution; rS is the peak

response of moxifloxacin in the Standard solution; and 100 is

the percent factor. The following limits as shown in Table

2 are met.

TEST 2—Late-eluting related compounds (relative retention

time equal to more than 1.8).

Buffer solution—Use the Buffer solution prepared as

directed in the Assay.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and methanol (60 : 40). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Blank solution—Use the Buffer solution.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Moxifloxacin Hydrochloride RS in water to

obtain a solution containing about 6 mg per mL. Dilute

quantitatively, and stepwise if necessary, with the Buffer

solution to obtain a solution having a known concentration of

about 0.002 mg per mL.

Sensitivity solution—Dilute an accurately measured volume

of the Standard solution with Buffer solution to obtain a

solution having a known concentration of about 0.05 mg per

mL. [NOTE—Store the Sensitivity solution under refrigeration

and protected from light.]

Test solution—Use the Assay preparation. [NOTE—The 8-

Hydroxy compound is unstable in dilute aqueous solutions.

Analyze the Test solution immediately after preparation.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 293-nm detector

and 4.0-mm 6 25-cm column that contains 5-mm packing

L11. The flow rate is about 0.9 mL per minute. The column

temperature is maintained at 458. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the column efficiency is not less than 2000

Table 1

Time

(minutes)

Flow Rate

(mL/minute)

Buffer solution

(%)
Methanol

(%) Elution

0–30 0.5 69 31 isocratic

30–31 0.5 69?60 31?40 linear gradient

31–36 0.9 60 40 isocratic

36–37 0.9 60?69 40?31 linear gradient

37–42 0.5 69 31 re-equilibration
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theoretical plates; the tailing factor is not more than 2.0; and

the relative standard deviation for replicate injections is not

more than 2.0%. In addition, chromatograph the Sensitivity

solution, and record the peak response as directed for

Procedure. Confirm that the signal-to-noise ratio of the

moxifloxacin is not less than 10.

Procedure—Separately inject equal volumes (about 25 mL)

of the Blank solution, the Standard solution, and the Test

solution into the chromatograph, record the chromatograms,

and measure the peak responses, disregarding any peaks

corresponding to those obtained from the Blank solution.

Calculate the percentage of each related compound in the

portion of Ophthalmic Solution taken by the formula:

(401.43/437.89)(CS / CU)(1/F))(ri / rS)(100)

in which 401.43 and 437.89 are the molecular weights of

moxifloxacin free base and moxifloxacin hydrochoride,

respectively; CS is the concentration, in mg per mL, of USP

Moxifloxacin Hydrochloride RS in the Standard solution; CU

is the concentration, in mg per mL, of Test solution based on

the label claim; F is the relative response factor for the

individual related compound; ri is the peak response of each

individual impurity in the Test solution; rS is the peak

response of moxifloxacin in the Standard solution; and 100 is

the percent factor. The following limits as shown in Table

3 are met.

Assay—

Buffer solution—Dissolve 0.5 g of tetrabutylammonium

hydrogen sulfate and 1.0 g of monobasic potassium phosphate

in 1000 mL of water, add 2 mL of phosphoric acid, filter, and

degas.

Mobile phase—Use variable mixtures of Buffer solution

and methanol as directed in Table 1. Make adjustments if

necessary (see System Suitability under Chromatography

h621i.

Resolution solution—Dissolve suitable quantities of USP

Moxifloxacin Hydrochloride RS and USP Moxifloxacin

Related Compound A RS in Buffer solution to obtain a

solution containing about 0.1 mg per mg and 0.001 mg per

mg, respectively.

Standard preparation—Dissolve an accurately weighed

quantity of USP Moxifloxacin Hydrochloride RS in water to

obtain a solution containing about 6 mg per mL. Dilute

Table 2

Related Compound F

Relative Retention

Time vs.

Moxifloxacin Limit (%)

Specified unknown impurity # 1 1.0 0.3 0.2

Decarboxy1 0.1 0.4 0.3

Specified unknown impurity # 2 1.0 0.9 0.3

Any specified and identified impurity 1.0 — 1.0

Other single impurities 1.0 — 0.1

*Moxifloxacin related compound A — 1.1 —

**8-Hydroxy2 — 1.8 —

1 1-Cyclopropyl-6-fluoro-8-methoxy-7-[(4aS,7aS)-octahydro-pyrrolo[3,4-b]pyridin-6-yl]-1H-quinolin-4-one.
2 1-Cyclopropyl-6-fluoro-8-hydroxy-7-[(4aS,7aS)-octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-1,4-dihydroquinoline-3-carboxylic acid.

*Disregard this peak because this is a process impurity controlled for the drug substance.

** Disregard this peak because it is quantitated using Test 2.
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quantitatively, and stepwise if necessary, with the Buffer

solution to obtain a solution having a known concentration of

about 0.1 mg per mL.

Assay preparation—Transfer an accurately measured

volume of Ophthalmic Solution, equivalent to about 5 mg

of moxifloxacin, to a 50-mL volumetric flask, dilute with

Buffer solution to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 293-nm detector

and 4.0-mm 6 25-cm column that contains 5-mm packing

L11. The chromatograph is programed as shown in Table 1.

The column temperature is maintained at 458. Chromatograph

the Resolution solution, and record the peak responses as

directed for Procedure: the resolution, R, between moxiflox-

acin and moxifloxacin related compound A is not less than

2.0. Chromatograph the Standard preparation, and record

peak responses as directed for Procedure: the column

efficiency is not less than 4000 theoretical plates; the tailing

factor is not more than 2.0; and the relative standard deviation

for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak responses for the major peaks. Calculate the percent

of labeled amount of C21H24FN3O4 in the portion of the

Ophthalmic Solution taken by the formula:

(401.43/437.89)(CS /CU)/(rU / rS)(100)

in which 401.43 and 437.89 are the molecular weights of

moxifloxacin free base and moxifloxacin hydrochoride,

respectively; CS is the concentration, in mg per mL, of USP

Moxifloxacin Hydrochloride RS in the Standard preparation;

CU is the concentration, in mg per mL, of Assay preparation

based on the label claim; rU and rS are the peak responses

obtained from the Assay preparation and Standard prepara-

tion, respectively; and 100 is the percent factor.&2S (USP32)

BRIEFING

Niacinamide, USP 31 page 2800—See briefing under Acetami-
nophen.

(DSN: L. Evans; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 200 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid A.

Table 3

Related Compound F

Relative Retention Time

vs.

Moxifloxacin Limit (%)

8-Hydroxy 0.29 1.8 0.2

Specified unknown impurity # 3 1.0 3.4 0.2

Specified impurity # 4* 0.42 3.9 0.2

Other single impurities 1.0 — 0.1

Total impurities (sum from both Test 1 and Test 2) — — 1.5

* 7-Amino-1-cyclopropyl-6-fluoro-8-methoxy-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid.
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BRIEFING

Oxcarbazepine. Because there is no existing USP monograph for
this drug substance, a new monograph, based on validated methods
of analysis, is being proposed. The liquid chromatographic
procedure in the test for Related compounds and the Assay is
based on analyses performed with the Thermoquest Hypersil BDS
C18 brand of L1 column. The typical retention time for
oxcarbazepine is about 5.7 minutes.

(MD-PP: R. Ravichandran; F. Mao) RTS—C55189

Add the following:

&Oxcarbazepine

C15H12N2O2 252.27

5H-Dibenz[b,f]azepine-5-carboxamide, 10,11-dihydro-10-

oxo-.

10,11-Dihydro-10-oxo-5H-dibenz[b,f]azepine-5-carboxa-

mide [28721-07-5].

» Oxcarbazepine contains not less than 98.0 percent

and not more than 102.0 percent of C15H12N2O2,

calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed containers.

Store at controlled room temperature.

USP Reference standards h11i—USP Oxcarbazepine RS.

USP Carbamazepine RS.

Identification—

A: Infrared Absorption h197Ki—[NOTE—If the spectrum

obtained shows differences, dissolve the substance to be

examined in chloroform, and evaporate to dryness. Compare

the spectrum of the residue to that of a similarly prepared

USP Oxcarbazepine RS.]

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the Standard preparation, as obtained in the Assay.

Water, Method 1a h921i: not more than 0.5%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: not more than 10 ppm.

Related compounds—

Mobile phase—Proceed as directed in the Assay.

System suitability solution—Dissolve suitable quantities of

USP Oxcarbazepine RS and USP Carbamazepine RS in

Mobile phase to obtain a solution having known concentra-

tions of about 0.1 mg each per mL.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Oxcarbazepine RS in Mobile phase to obtain a

solution having a known concentration of about 0.25 mg per

mL.

Test solution—Dissolve an accurately weighed quantity of

Oxcarbazepine in Mobile phase to obtain a solution having a

known concentration of about 0.5 mg per mL.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure: the resolution, R, between the oxcarbazepine

peak and the carbamazepine peak is not less than 8.0.

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the relative standard

deviation of the oxcarbazepine peak for replicate injections is

not more than 10.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, allow the chromatogram to run for about 10

times the retention time of oxcarbazepine, record the

chromatograms, and measure the peak areas. Calculate the

percentage of each impurity in the portion of Oxcarbazepine

taken by the formula:

100(1/F)(CS /CU)(ri / rS)
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in which F is the relative response factor for each impurity

obtained from Table 1; CS is the concentration, in mg per mL,

of Oxcarbazepine in the Standard solution; CU is the

concentration, in mg per mL, of the Test solution; ri is the

peak area for each impurity obtained from the Test solution;

and rS is the peak area for oxcarbazepine obtained from the

Standard solution. The limits are given in Table 1.

Table 1

Name

Relative

Response

Time

Relative

Response

Factor

(F)

Limit

(%)

Oxcarbazepine 1.0 1.0 —

Carbamazepine1 1.7 1.9 0.15

Dibenzazepinone2 2.1 1.2 0.05

Methoxycarbamaz-

epine3

2.5 1.6 0.05

Carbamazepine related

compound B4

7.4 1.3 0.05

Methoxydibenzaz-

epine5

7.9 1.5 0.05

Individual unspecified

impurity

— 1.0 0.05

Total impurities — — 0.50

1 Dibenz[b,f]azepine-5-carboxamide [C15H12N2O, 236.27]2 10(11H)-Oxo-5H-Dibenz[b,f]azepine [C14H11NO, 209.24]3 10-Methoxy-5H-Dibenz[b,f]azepine [C15H13NO, 223.27]4 5H-Dibenz[b,f]azepine [C14H11N, 193.24]5 10-Methoxy-5H-Dibenz[b,f]azepine-5-carboxamide [C16H14N2O2,
266.29]

Assay—

Buffer—Dissolve about 6.8 g of monobasic potassium

phosphate in 1 L of water, add 2 mL of triethylamine, and

mix. Adjust with phosphoric acid to a pH of 6.0+0.1. Filter,

and degas prior to use.

Mobile phase—Prepare a mixture of Buffer, methanol, and

acetonitrile (31 : 11 : 8). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Oxcarbazepine RS in Mobile phase to obtain

a solution having a known concentration of about 0.1 mg per

mL.

Assay preparation—Dissolve an accurately weighed quan-

tity of Oxcarbazepine in Mobile phase to obtain a solution

having a known concentration of about 0.1 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 508. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the relative standard deviation of the

oxcarbazepine peak for replicate injections is not more than

2.0%.

Procedure—Inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, record the chromatograms, and measure the

peak areas. Calculate the percentage of C15H12N2O2 in the

portion of Oxcarbazepine taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of

Oxcarbazepine in the Standard preparation; CU is the

concentration of Oxcarbazepine in the Assay preparation;

and rU and rS are the peak areas obtained from the Assay

preparation and the Standard preparation, respec-

tively.&2S (USP32)
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BRIEFING

Pamidronate Disodium, USP 31 page 2903. It is proposed to
delete the test for Alcohol content, Method II. The methodology used
in the USP general chapter Alcohol Determination h611i is not
intended for the control of residual solvents. Therefore, the general
chapter Residual Solvents h467i should be employed for controlling
residual alcohol for this drug substance, as prescribed in the USP
General Notices.

(MD–GRE: E. Gonikberg; M. Puderbaugh) RTS—C67019

Delete the following:

&Alcohol content, Method II h611i: not more than 0.3% is
found.&2S (USP32)

BRIEFING

Physostigmine, USP 31 page 3001—See briefing under Acet-
aminophen.

(MD–PP: R. Ravichandran; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 100 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: at the end of 5 minutes the solution has no more color than
Matching Fluid I.

BRIEFING

Physostigmine Salicylate, USP 31 page 3001—See briefing
under Acetaminophen.

(MD–PP: R. Ravichandran; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 100 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: at the end of 5 minutes the solution has no more color than
Matching Fluid I.

BRIEFING

Physostigmine Sulfate, USP 31 page 3003. A revision is
proposed to modify the general chapter Readily Carbonizable
Substances Test h271i to replace the use of sulfuric acid TS with
sulfuric acid ACS reagent grade (see Limit Tests under General
Chapters, Chemical Tests and Assays in this issue of PF). It is
proposed to remove the cross reference to Physostigmine Salicylate
for this test. To be consistent with the general chapter, it is proposed
to substitute sulfuric acid TS with sulfuric acid ACS reagent grade.

(MD–PP: R. Ravichandran; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances—It meets the requirements of the
test for Readily carbonizable substances under Physostigmine.

&Dissolve 100 mg in 5 mL of sulfuric acid: at the end of 5

minutes the solution has no more color than Matching Fluid

I.&2S (USP32)

BRIEFING

Pilocarpine Hydrochloride, USP 31 page 3006—See briefing
under Acetaminophen.

(MD–OOD: F. Mao; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 250 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid B.

BRIEFING

Pilocarpine Nitrate, USP 31 page 3007. See briefing under
Acetaminophen.

(MD–OOD: F. Mao; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve 100 mg in 5 mL
of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid A.
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BRIEFING

Potassium Bitartrate, USP 31 page 3030. On the basis of
comments received, it is proposed to revise the Heavy metals
section. At the pH range specified under Heavy metals, Method II
h231i, potassium bitartrate is insoluble and precipitates from
solution. In addition, the sample amount specified in the monograph
is inconsistent with the limit. To address these comments, it is
proposed to replace Method I with Method II, which is shown to
work well for this material, and to use the Test preparation specified
under Heavy metals, Method II h231i.

(MD-GRE: E. Gonikberg) RTS—C67024

Change to read:

Heavy metals, Method I
&Method II&2S (USP32)
h231i: Mix 2 g of it with 15 mL of water, and add 6N ammonium
hydroxide dropwise until solution is complete. Add 1 drop of
phenolphthalein TS, and add just sufficient 1N acetic acid dropwise
to discharge the pink color. Add 2 mL of 1N acetic acid, and dilute
with water to 25 mL: the limit is 0.002%.

&not more than 0.002%.&2S (USP32)

BRIEFING

Pralidoxime Chloride for Injection, USP 31 page 3051. On the
basis of comments received, it is proposed to expand the
Identification test from its original, brief cross-reference to the
Pralidoxime Chloride monograph to present a complete detailed
procedure. The test will be deleted from the Other requirements
section and included in a new Identification section.

(MD-GRE: E. Gonikberg; M. Puderbaugh) RTS—C67104

Add the following:

&Identification—

A: Infrared Absorption h197Mi.

B: A solution (1 in 10) responds to the tests for Chloride

h191i.

C: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.&2S (USP32)

Change to read:

Other requirements—It conforms to the Definition, responds to the
Identification tests,

&

&2S (USP32)
and meets the requirements for Loss on drying and Heavy metals
under Pralidoxime Chloride. It meets also the requirements for
Sterility Tests h71i, Uniformity of Dosage Units h905i, and Labeling
under Injections h1i.

BRIEFING

Pravastatin Sodium Tablets, USP 31 page 3055. Comments
were received that pravastatin pentanoyl impurity (a known process
impurity specified in the drug substance monograph) may coelute
with the degradation product identified as ‘‘specified unknown
impurity 2’’ in Table 1 in the test for Related compounds.
It is proposed to replace this method with the HPLC procedure

currently official in the monograph for Pravastatin Sodium, which is
shown to better separate known process impurities and degradation
products. The liquid chromatographic procedure is based on analyses
performed with the 3.5-mm Zorbax SB C18 brand of L1 column.
Alternatively, the 3-mm Hypersil ODS brand of L1 column can be
used for this test. The typical retention time for pravastatin is about 8
minutes.
This proposal also necessitates a revision in the USP Reference

standards section.

(MD-GRE: E. Gonikberg) RTS—C64282

Change to read:

USP Reference standards h11i—
&USP Pravastatin Related Compound A RS.&2S (USP32)
USP Pravastatin Related Compound B RS. USP Pravastatin Sodium
RS. USP Pravastatin 1,1,3,3-Tetramethylbutylamine RS.

Change to read:

Related compounds—
Mobile phase and Chromatographic system—Proceed as directed

in the Assay.
Test solution—Use the Assay preparation, prepared as directed in

the Assay. [NOTE—Use this solution within 24 hours of preparation.]
Procedure—Inject a volume (about 20 mL) of the Test solution

into the chromatograph, record the chromatograms for up to 4 times
the retention time of the pravastatin peak, identify the impurities
listed in Table 1, and measure the peak responses. Calculate the
percentage of each impurity in the portion of Tablets taken by the
formula:

100(ri / rs)

in which ri is the peak response of the individual impurity, and rs is
the sum of the responses of all the peaks obtained from the Test
solution. In addition to not exceeding the limits of each impurity in
Table 1, not more than 0.2% of any unspecified individual impurity
is found, and not more than 3% of total impurities is found.
Disregard the peak due to pravastatin related compound B that elutes
at the relative retention time of about 0.7 and the peak due to 3’’-
hydroxypravastatin at the relative retention time of about 0.3, as
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these impurities are controlled in the drug substance monograph.
Disregard any impurity that is less than 0.05%.

Table 1

Name

Relative
Retention
Time

Limit
(%)

Oxidation impurity1 0.5 1
Pravastatin sodium 1.0 n/a
Specified unknown impurity 1 1.6 0.2
Specified unknown impurity 2 1.8 0.2
Pravastatin lactone 2.1 2
Specified unknown impurity 3 2.8 0.2
Specified unknown impurity 4 3.2 0.2
Specified unknown impurity 5 3.8 0.2

1 Sodium (3R,5R)-3,5-dihydroxy-7-((1S,2S)-6-hydroxy-2-methyl-1,2-dihy-
dronaphthalen-1-yl)heptanoate.

&[NOTE—Maintain the Test solution at 158 until injected into

the chromatograph. Without refrigeration, the Test solution

should be prepared fresh.]

Diluent—Prepare a mixture of methanol and water (1 : 1).

Buffer pH 7.0—Prepare a 0.08M phosphoric acid solution,

adjust with triethylamine to a pH of 7.0, and mix.

Solution A—Prepare a filtered and degassed mixture of

water, Buffer pH 7.0, and acetonitrile (52 : 30 : 18).

Solution B—Prepare a filtered and degassed mixture of

acetonitrile, Buffer pH 7.0, and water (60 : 30 : 10).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Pravastatin 1,1,3,3-Tetramethylbutylamine RS in

Diluent, and dilute quantitatively, and stepwise if necessary,

with Diluent to obtain a solution having a known concentra-

tion of about 1.25 mg of pravastatin 1,1,3,3-tetramethylbuty-

lamine per mL.

System suitability solution—Dissolve accurately weighed

quantities of USP Pravastatin 1,1,3,3-Tetramethylbutylamine

RS and USP Pravastatin Related Compound A RS in Diluent

to obtain a solution containing about 0.6 mg of USP

Pravastatin 1,1,3,3-tetramethylbutylamine RS and 0.001 mg

of USP Pravastatin Related Compound A RS per mL.

[NOTE—USP Pravastatin Related Compound A RS is a

sodium salt of 3a-hydroxyisocompactin acid.]

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the

powder, equivalent to about 50 mg of pravastatin sodium,

to a 100-mL volumetric flask. Add 60 mL of the Diluent,

sonicate for 15–20 minutes, dilute with Diluent to volume,

and mix. Pass through 0.45-mm nylon filter.

Chromatographic system (see Chromatography h621i—

The liquid chromatograph is equipped with a 238-nm detector

and a 4.6-mm 6 7.5-cm column that contains 3.5-mm

packing L1. Alternatively, a 4.0-mm 6 10-cm column that

contains 3-mm packing L1 can be used. The flow rate is about

1 mL per minute. The chromatograph is programmed as

follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–3.0 100 0 isocratic

3.0–26.5 100?0 0?100 linear gradient

26.5–26.6 0?100 100?0 linear gradient

26.6–30.0 100 0 re-equilibration

Chromatograph the System suitability solution, and record the

peak responses as directed for Procedure: the relative

retention times are about 1.0 for pravastatin and 1.1 for

pravastatin related compound A; and the resolution, R,

between pravastatin and pravastatin related compound A is

not less than 2.0. Chromatograph the Standard solution, and

record the peak responses as directed for Procedure: the

relative standard deviation for replicate injections is not more

than 10.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, identify the

impurities listed in Table 1, and measure the peak responses.

Calculate the percentage of each impurity in the portion of

Tablets taken by the formula:
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1006(446.51/553.78)(CS /CT)(ri / rS)

in which 446.51 and 553.78 are the molecular weights of

pravastatin sodium and pravastatin 1,1,3,3-tetramethylbuty-

lamine, respectively; CS is the concentration, in mg per mL, of

pravastatin 1,1,3,3-tetramethylbutylamine in the Standard

solution; CT is the nominal concentration, in mg per mL, of

pravastatin sodium in the Test solution; ri is the peak response

for each impurity obtained from the Test solution; and rS is the

pravastatin peak response obtained from the Standard

solution. The reporting level for impurities is 0.1%.

Table 1

Name

Relative

Retention

Time

Limit

(%)

Oxidation impurity1 0.61 1

6’-Epipravastatin2 0.92 0.3

Pravastatin sodium 1.0 —

Pravastatin lactone 1.8 2

Any other individual impurity — 0.2

Total impurities — 3

1 Sodium (3R,5R)-3,5-dihydroxy-7-((1S,2S)-6-hydroxy-2-methyl-
1,2-dihydronaphthalen-1-yl)heptanoate.
2 USP Pravastatin Related Compound B RS.

&2S (USP32)

BRIEFING

Quinapril Tablets, USP 31 page 3144. On the basis of comments
received, it is proposed to add USP Quinapril Hydrochloride RS in
the preparation of the Standard solution in the test for Related
compounds. USP Quinapril Hydrochloride RS is required to measure
system suitability parameters such as the tailing factor and the
relative standard deviation for the quinapril peak.

(MD-CV: S. Ramakrishna) RTS—C61527

Change to read:

Related compounds—
Solvent, Buffered solvent, and Mobile phase—Prepare as directed

in the Assay.
Resolution solution—Dissolve accurately weighed quantities of

USP Quinapril Hydrochloride RS, USP Quinapril Related Com-
pound A RS, and USP Quinapril Related Compound B RS in Solvent
to obtain a solution having known concentrations of about 0.1 mg of
USP Quinapril Hydrochloride RS and 0.005 mg each of USP
Quinapril Related Compound A RS and USP Quinapril Related
Compound B RS per mL.
Standard solution—Dissolve accurately weighed quantities of

&USP Quinapril Hydrochloride RS,&2S (USP32)
USP Quinapril Related Compound A RS, and USP Quinapril
Related Compound B RS in Solvent, and dilute quantitatively, and
stepwise if necessary, to obtain a solution having known
concentrations of about 0.5 mg each of

&USP Quinapril Hydrochloride RS,&2S (USP32)
USP Quinapril Related Compound A RS, and USP Quinapril
Related Compound B RS per mL.
Test solution—Use the Assay preparation.
Chromatographic system—Prepare as directed in the Assay.

Chromatograph the Resolution solution, and record the peak areas
as directed for Procedure: the relative retention times are about 0.6
for quinapril related compound B, 1.0 for quinapril, and 2.0 for
quinapril related compound A; and the resolution, R, between
quinapril and quinapril related compound A and between quinapril
and quinapril related compound B is not less than 2.0. Chromato-
graph the Standard solution, and record the peak areas as directed for
Procedure: the column efficiency is not less than 600 theoretical
plates; the tailing factor for the quinapril and quinapril related
compound A peaks is less than 1.5 and that for the quinapril related
compound B peak is less than 2.0; and the relative standard deviation
for replicate injections is not more than 2.0% for quinapril and not
more than 3.0% for each quinapril related compound.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the areas of the major peaks.
Calculate the quantity, in mg, of each quinapril related compound in
the portion of Tablets taken by the formula:

500CD(rU / rS)

in which C is the concentration, in mg per mL, of the appropriate
USP Reference Standard in the Standard solution; D is the dilution
factor used to prepare the Test solution; and rU and rS are the peak
areas of the corresponding quinapril related compound obtained
from the Test solution and the Standard solution, respectively: not
more than 1.0% of quinapril related compound A is found; not more
than 3.0% of quinapril related compound B is found; and not more
than 3.6% of total impurities is found.
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BRIEFING

Risedronate Sodium. Because there is no existing USP
monograph for this drug substance, a new monograph, based on
validated methods of analysis, is being proposed. According to the
sponsor, verification of the Heavy Metals h231i Method II procedure
was unsuccessful. The proposed procedure in the test for Heavy
metals is based on the Heavy Metals h231i Method II procedure,
with necessary modifications, including the use of hydrogen sulfide
in place of thioacetamide. The liquid chromatographic procedure in
Related compounds Test 1 and the Assay is based on analyses
performed with the Dionex IonPac AS7 brand of L48 column. The
typical retention time for the risedronate peak is 10 to 12 minutes.
The liquid chromatographic procedure in Related compounds Test
2 is based on analyses performed with the Alltech Hypersil ODS
brand of L1 column. The typical retention time for the risedronate
related compound B peak is about 7 minutes; the risedronate peak
elutes unretained at the void volume.

(MD-GRE: E. Gonikberg) RTS—C59088

Add the following:

&Risedronate Sodium

C7H10NNaO7P2 305.09

Phosphonic acid, [1-hydroxy-2-(3-pyridinyl)ethylidene]bis-,

monosodium salt.

Sodium trihydrogen [1-hydroxy-2-(3-pyridyl)ethylidene]di-

phosphonate.

Hemi-pentahydrate 350.13 [115436-72-1].

Monohydrate 323.12 [353228-19-0].

» Risedronate Sodium contains one or two and one-

half molecules of hydration. The monohydrate

form contains not less than 98.0 percent and not

more than 102.0 percent of C7H10NNaO7P2,

calculated on the dried basis. The hemi-pentahy-

drate form contains not less than 98.0 percent and

not more than 102.0 percent of C7H10NNaO7P2,

calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed containers.

Store at room temperature.

Labeling—Label to indicate whether it is the monohydrate or

the hemi-pentahydrate form.

USP Reference standards h11i—USP Risedronate Sodium

RS. USP Risedronate Related Compound A RS. USP

Risedronate Related Compound B RS.

Identification—

A: Infrared Absorption h197i—The spectra of trifluor-

ovinyl chloride polymer and mineral oil dispersions of it,

separately prepared from a test specimen, exhibit maxima in

the regions of 4000 to 1350 cm–1 and 1350 to 450 cm–1,

respectively, only at the same wavelengths as those of similar

preparations of USP Risedronate Sodium RS. [NOTE—If a

difference appears in the infrared spectra of the analyte and

the standard, dissolve equal portions of the test specimen and

the USP reference standard in equal volumes of water

containing about 50 mg per mL of potassium bromide.

Evaporate the solutions to dryness at 1058 for 120 minutes.

Repeat the test on the residues.]

B: It meets the requirement of the flame test for Sodium

h191i.

Water, Method 1c h921i (where it is labeled as a hemi-

pentahydrate): between 11.9% and 13.9%.

Loss on drying h731i (where it is labeled as a monohydrate)

(see Thermal Analysis h891i)—Determine the percentage of

volatile substances by thermogravimetric analysis on an

appropriately calibrated instrument, using about 7-15 mg of

Risedronate Sodium, accurately weighed. Heat the specimen

under test at a rate of 108 per minute in a stream of nitrogen at

a flow rate of about 40 mL per minute. Record the

thermogram from ambient temperature to 2508: it loses

between 5.5% and 7.5% of its weight.
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Heavy metals—

Lead nitrate solution—Add 1 mL of nitric acid to 100 mL

of water. Dissolve 100 mg of lead nitrate in it, and then dilute

with water to 1000 mL.

Sodium bicarbonate solution—Transfer 0.840 g of sodium

bicarbonate to a 1000-mL volumetric flask containing about

950 mL of water, dissolve in and dilute with water to volume.

Adjust to a pH of 4.40+ 0.02 with 0.1N sodium hydroxide

or 0.1N hydrochloric acid, as necessary.

Hydrogen sulfide solution—Transfer about 200 mL of

Sodium bicarbonate solution to a suitable conical flask, and

bubble hydrogen sulfide gas through the solution until it turns

a strip of Lead Acetate Test Paper black (see Indicators and

Test Papers under Reagents, Indicators, and Solutions).

Standard solutions—Transfer 500 mg of Risedronate

Sodium to each of three separate beakers. Add 41 mL of

water to each beaker, and stir to dissolve. Adjust to a pH of

4.40+ 0.02 with 0.1N sodium hydroxide or 0.1 N hydro-

chloric acid, as necessary. Label the first beaker as Standard

solution 1. Add 200 mL of Lead nitrate solution to the second

beaker (Standard solution 2) and 400 mL to the third beaker

(Standard solution 3). These solutions contain the equivalent

of 0 mg, 12.5 mg and 25 mg of lead (representing 0 ppm, 10

ppm and 20 ppm, respectively).

Test solution—Transfer 1.75 g of Risedronate Sodium to a

suitable beaker. Add 41 mL of water, and stir to dissolve.

Adjust to a pH of 4.40+ 0.02 with 0.1N sodium hydroxide

or 0.1N hydrochloric acid, as necessary.

Procedure—Add 7 mL of Hydrogen sulfide solution to each

of the beakers containing the Standard solutions and the Test

solution. Allow the solutions to stand for at least 5 minutes.

Add 60 mL of 1N hydrochloric acid to each of the beakers

containing the Standard solutions, and add 200 mL of 1N

hydrochloric acid to the beaker containing the Test solution,

and stir. Transfer the solutions into 50-mL color-comparison

tubes, and view downward over a white surface: the color of

the solution obtained from the Test solution is not darker than

that of the solution from Standard solution 3. The limit is

0.002% (20 ppm).

Related compounds—[NOTE—Perform both Test 1 and Test

2.]

TEST 1—

Mobile phase—Prepare as directed in the Assay.

Standard solution—Use the Standard preparation prepared

as directed in the Assay.

Diluted standard solution—Dilute a portion of the Standard

solution withMobile phase to obtain a solution having known

concentrations of about 5 mg of anhydrous risedronate sodium

and about 0.5 mg of risedronate related compound A per mL.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the resolution between risedronate related com-

pound A and risedronate is not less than 2.3; the tailing factor

for the risedronate peak is not more than 1.5; and the relative

standard deviation for three replicate injections is not more

than 1.0% for the risedronate peak. Chromatograph the

Diluted standard solution, and record the peak responses as

directed for Procedure: the relative standard deviation for

three replicate injections is not more than 15% for risedronate

related compound A peak.

Table 1

Name

Relative

Response

Factor (F)

Relative

Retention

Time

3-Pyridyl acetic acid 1.65 0.08

2-Pyridynil isomer (USP

Risedronate Related Com-

pound A)1

1.0

0.81

Risedronate sodium — 1.0

1 [1-hydroxy-2-(2-pyridinyl)ethylidene]bis(phosphonic acid mono-
hydrate).
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Procedure—Separately inject equal volumes (about 20 mL)

of the Diluted standard solution and the Test solution into the

chromatograph, record the chromatograms, identify the

components listed in Table 1, and measure the peak

responses. Calculate the percentage of each impurity in the

portion of Risedronate Sodium taken by the formula:

100(1/F)(CS /CT)(ri / rS)

in which F is a relative response factor listed in Table 1; CS is

the concentration, in mg per mL, of risedronate sodium in the

Diluted standard solution; CT is the concentration, in mg per

mL, of risedronate sodium in the Test solution; ri is the peak

response for each impurity obtained from the Test solution;

and rS is the peak response for the risedronate peak obtained

from the Diluted standard solution: not more than 0.10% of

any individual impurity is found. Disregard any peak

observed in the blank. The reporting level for impurities is

0.05%.

TEST 2—

Mobile phase—Transfer 16.15 g of dibasic potassium

phosphate and 0.46 g of edetate disodium to a 1-L beaker,

and dissolve in about 400 mL of water. Add 1 vial of

commercially available tetrabutylammonium dihydrogen

phosphate buffered solution in methanol1 and 1 mL of

hydrochloric acid. Adjust to a pH of 7.5+ 0.1 with 1N

sodium hydroxide or 1N hydrochloric acid, as necessary, and

dilute with water to 480 mL. Add 20 mL of methanol, mix

well, pass the solution through a 0.45-mm nylon filter, and

degas.

Diluent—Transfer 0.46 g edetate disodium to a 1-L beaker,

and dissolve in 500 mL of water. Adjust to a pH of 7.5+ 0.1

with 1N sodium hydroxide.

Standard solution—Prepare a solution of USP Risedronate

Related Compound B RS in Diluent having a known

concentration of about 5 mg per mL. [NOTE—USP Risedronate

Related Compound B is the cyclic dimer, disodium

tetrahydrate salt (3,6-bis[(3-pyridinyl)methyl]-2,5-dihy-

droxy-2,5-dioxido-1,4,2,5-dioxadiphosphorinane-3,6-diyl]bi-

s[phosphonic acid] disodium tetrahydrate salt).]

Diluted standard solution—Dilute a portion of the Standard

solution with Diluent to obtain a solution having a known

concentration of about 0.5 mg of risedronate related

compound B per mL.

Test solution—Transfer about 50 mg of Risedronate

Sodium, accurately weighed, to a 25-mL volumetric flask,

dissolve in Diluent, using sonication if necessary, and dilute

with Diluent to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 263-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute. Chromatograph

the Standard solution, and record the peak responses as

directed for Procedure: the capacity factor, k ’, is greater than

2; the tailing factor is less than 1.5; and the relative standard

deviation for three replicate injections is not more than 5%.

Chromatograph the Diluted standard solution, and record the

peak responses as directed for Procedure: the relative

standard deviation for three replicate injections is not more

than 10% for the risedronate related compound B peak.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for all the peaks. Disregard any peak eluting before

risedronate related compound B. [NOTE—The risedronate

peak elutes unretained at the void volume.] Calculate the

percentage of each impurity in the portion of Risedronate

Sodium taken by the formula:

100(530.20/646.22)(CS /CT)(ri / rS)

in which 530.20 and 646.22 are the molecular weights of

risedronate related compound B as a free acid and as a

tetrahydrate disodium salt, respectively; CS is the concentra-

tion, in mg per mL, of USP Risedronate Related Compound B

RS in the Standard solution; CT is the concentration, in mg1 Available from Waters Corp. as Part # 85101 (PIC A).
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per mL, of risedronate sodium in the Test solution; ri is the

peak response for any impurity observed in the Test solution,

and rS is the peak response for risedronate related compound

B obtained from the Standard solution: not more than 0.10%

of risedronate related compound B is found; not more than

0.10% of any other individual impurity is found; and not

more than 0.50% of total impurities is found, Test 1 and Test

2 being combined. Disregard any peak observed in the blank.

The reporting level for impurities is 0.05%.

Assay—

Mobile phase—Dissolve 1.8 g of edetate disodium in 1000

mL of water, and adjust to a pH of 9.5+ 0.1 with 1N sodium

hydroxide. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard preparation—Dissolve accurately weighed quan-

tities of USP Risedronate Sodium RS and USP Risedronate

Related Compound A RS inMobile phase to obtain a solution

having known concentrations of about 1.0 mg of anhydrous

risedronate sodium and about 0.1 mg of risedronate related

compound A per mL.

Assay preparation—Transfer about 55 mg of Risedronate

Sodium, accurately weighed, to a 50-mL volumetric flask,

dissolve in and dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 263-nm detector

and a 4.0-mm 6 25-cm column that contains 10-mm packing

L48. The flow rate is about 0.8 mL per minute. Chromato-

graph the Standard preparation, and record the peak

responses as directed for Procedure: the resolution between

risedronate and risedronate related compound A is not less

than 2.3; the tailing factor for the risedronate peak is not more

than 1.5; and the relative standard deviation for three replicate

injections is not more than 1.0% for the risedronate peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

C7H10NNaO7P2 in the portion of Risedronate Sodium taken by

the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of risedronate

sodium in the Standard preparation; CU is the concentration,

in mg per mL, of risedronate sodium in the Assay

preparation, and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&2S (USP32)

BRIEFING

Risedronate Sodium Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph, based on
validated methods of analysis, is being proposed. The liquid
chromatographic procedure in the test for the Assay is based on
analyses performed with the Dionex IonPac AS7 brand of L48
column. The typical retention time for the risedronate peak is 9 to12
minutes. The liquid chromatographic procedure in the test for
Dissolution is based on analyses performed with the Dionex IonPac
AG7 brand of L48 column. The typical retention time for the
risedronate peak is about 2 minutes.

(MD-GRE: E. Gonikberg; BPC: M. Marques) RTS—C59089

Add the following:

&Risedronate Sodium Tablets

C7H10NNaO7P2

» Risedronate Sodium Tablets contain not less than

90.0 percent and not more than 110.0 percent of the

labe led amount of r i sedrona te sodium

(C7H10NNaO7P2).

Packaging and storage—Preserve in well-closed containers,

and store at controlled room temperature.
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USP Reference standards h11i—USP Risedronate Sodium

RS. USP Risedronate Related Compound A RS. USP

Risedronate Related Compound C RS.

Identification—

A: Infrared Absorption h197Ki

Test specimen—Transfer a quantity of Tablets, equivalent to

about 50–75 mg of risedronate sodium, to a suitable flask, add

10 mL of water, and shake. Pass first through a suitable paper

filter and then through a 0.45-mm nylon filter. Add 10 mL of

0.2M cupric chloride solution, mix well, and allow the

solution to stand for about 10 minutes. Add 2 mL of

dehydrated alcohol, mix well, and allow the solution to stand

for a minimum of one hour, to form a blue precipitate of the

copper complex. Collect the precipitate using a 0.45-mm

nylon filter, wash it with 10 mL of dehydrated alcohol, and

allow it to dry on the filter. [NOTE—Dry the precipitate under

ambient conditions; do not heat the precipitate. A modest

change of color (from blue to green) may be observed upon

drying.]

Standard specimen—Dissolve about 50 mg of USP

Risedronate Sodium RS in 10 mL of water, and pass the

solution through a 0.45-mm nylon filter. Proceed as directed

under Test specimen, beginning with ‘‘Add 10 mL of 0.2M

cupric chloride solution...’’

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—

FOR TABLETS LABELED TO CONTAIN 5 MG OR 30 MG OR 35 MG:

Medium: water; 500 mL, deaerated.

Apparatus 2: 50 rpm, paddles coated with Teflon.

Time: 30 minutes.

Mobile phase—Proceed as directed in the Assay.

Standard solution—Transfer an accurately weighed quan-

tity of USP Risedronate Sodium RS to a suitable volumetric

flask, and dilute with Medium to volume to obtain a solution

having a known concentration of about 1 mg of anhydrous

risedronate sodium per mL. Further dilute this solution with

Medium to obtain a final concentration of about (0.002 6 L)

mg per mL, where L is the tablet label claim in mg.

Test solution—Use a portion of the solution under test,

filtering if necessary.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 263-nm detector

and a 4.0-mm 65-cm column that contains 10-mm packing

L48. The flow rate is about 0.8 mL per minute. Chromato-

graph the Standard solution, and record the peak responses as

directed for Procedure: the tailing factor is not more than 2.0;

and the relative standard deviation for multiple injections is

not more than 2%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of risedronate

sodium dissolved by the formula:

in which rU and rS are the peak responses obtained from the

Test solution and Standard solution, respectively; CS is the

concentration, in mg per mL, of the Standard solution; 500 is

the volume, in mL, of Medium; 100 is the conversion factor

to percentage; and L is the tablet label claim in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of risedronate sodium is dissolved in 30 minutes.

FOR TABLETS LABELED TO CONTAIN AT LEAST 75 MG:

Medium: water; 900 mL, deaerated.

Apparatus 2: 50 rpm, paddles coated with Teflon.

Time: 45 minutes.
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Standard solution—Transfer an accurately weighed quan-

tity of USP Risedronate Sodium RS to a suitable volumetric

flask and dilute with Medium to volume to obtain a solution

having a known concentration of about 0.12 mg of anhydrous

risedronate sodium per mL.

Test solution—Use a portion of the solution under test.

Dilute further with Medium, if necessary.

Procedure—Determine the amount of risedronate sodium

dissolved by employing UV absorption at the wavelength of

maximum absorbance at about 263 nm, with a background

correction at 400 nm on portions of the Test solution, in

comparison with a Standard solution, using the Medium as a

blank and a 5-mm path-length cell. Calculate the percentage

of risedronate sodium dissolved by the formula:

in which AU and AS are the absorbances obtained from the Test

solution and the Standard solution, respectively; CS is the

concentration, in mg per mL, of the Standard solution; D is

the dilution factor of the Test solution; 900 is the volume, in

mL, of Medium; 100 is the conversion factor to percentage;

and L is the tablet label claim in mg.

Tolerances—Not less than 75% (Q) of the labeled amount

of risedronate sodium is dissolved in 45 minutes.

Uniformity of dosage units h905i: meet the requirements.

Assay—

FOR PRODUCTS LABELED TO CONTAIN FROM 5 MG TO 35 MG

OF RISEDRONATE SODIUM:

Mobile phase—Dissolve 1.8 g of edetate disodium in 1000

mL of water, and adjust with 1N sodium hydroxide to a pH

of 9.5+ 0.1. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Risedronate Sodium RS in Mobile phase to

obtain a solution having a known concentration of about 0.1–

0.15 mg of anhydrous risedronate sodium per mL.

System suitability preparation—Dissolve accurately

weighed quantities of USP Risedronate Sodium RS and

USP Risedronate Related Compound C RS in Mobile phase

to obtain a solution having known concentrations of about

0.15 mg of anhydrous risedronate sodium per mL and about

7.5 mg of risedronate related compound C per mL. [NOTE—

USP Risedronate Related Compound C RS is [2-(3-

pyridinyl)ethylidene-1,1]bis(phosphonic acid).]

Assay preparation—Transfer 10 Tablets to a suitable

volumetric flask, add Mobile phase to about 60% of the

volume of the flask, shake for about 10 minutes, and then

sonicate for a minimum of 5 minutes. Cool the solution to

room temperature, and dilute with Mobile phase to volume to

obtain a solution having a known concentration of about 0.5–

1.5 g per mL. Further dilute an aliquot of this solution with

Mobile phase to obtain a solution having a known

concentration of about 0.1–0.15 mg per mL, based on the

label claim. Pass a portion of this solution through a 0.22-mm

nylon filter, discarding the first 3 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 263-nm detector

and a 4.0-mm 6 25-cm column that contains 10-mm packing

L48. The flow rate is about 0.8 mL per minute. Chromato-

graph the System suitability preparation, and record the peak

responses as directed for Procedure: the resolution between

risedronate related compound C and risedronate is not less

than 2.5. Chromatograph the Standard preparation, and

record the peak responses as directed for Procedure: the

relative standard deviation for three replicate injections is not

more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure
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the responses for the major peaks. Calculate the quantity, in

percentage label claim, of C7H10NNaO7P2 in the portion of

Tablets taken by the formula:

100(CS /CU)(rU / rS )

in which CS is the concentration, in mg per mL, of risedronate

sodium in the Standard preparation; CU is the concentration,

in mg per mL, of risedronate sodium in the Assay

preparation, based on the label claim; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.

FOR PRODUCTS LABELED TO CONTAIN AT LEAST 75 MG OF

RISEDRONATE SODIUM:

Mobile phase—Dissolve 1.8 g of edetate disodium in 1000

mL of water, and adjust with 1N sodium hydroxide to a pH

of 9.5+ 0.1. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard preparation—Dissolve accurately weighed quan-

tities of USP Risedronate Sodium RS and USP Risedronate

Related Compound A RS inMobile phase to obtain a solution

having known concentrations of about 0.25 mg of anhydrous

risedronate sodium and about 0.004 mg of risedronate related

compound A per mL.

Assay preparation—Transfer 10 Tablets to a suitable

container, add 400 mL of Mobile phase, cap, and mechan-

ically shake for 5–15 minutes, using an orbital or other

suitable shaker. [NOTE—Additional sonication for 5–15

minutes may be performed if necessary.] Further dilute an

aliquot of this solution with Mobile phase to obtain a solution

having a known concentration of about 0.2–0.3 mg per mL,

based on the label claim. Pass a portion of this solution

through a 0.45-mm nylon filter, discarding the first few mL of

the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 263-nm detector

and a 4.0-mm 6 25-cm column that contains 10-mm packing

L48. The flow rate is about 1.0 mL per minute. Chromato-

graph the Standard preparation, and record the peak

responses as directed for Procedure: the resolution between

risedronate and risedronate related compound A is not less

than 2.0; the tailing factor for the risedronate peak is not more

than 1.5; and the relative standard deviation for three replicate

injections is not more than 1.5% for the risedronate peak.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percentage, of C7H10NNaO7P2 in the portion of the Tablets

taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of risedronate

sodium in the Standard preparation; CU is the concentration,

in mg per mL, of risedronate sodium in the Assay

preparation; and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&2S (USP32)

BRIEFING

Sertraline Hydrochloride. The previously published proposal
has been canceled (see page 7179 of PF 24(6) [Nov.–Dec. 1998]. A
new monograph for this drug substance, based on validated methods
of analysis, is being proposed.

1. The liquid chromatographic procedure in the test for Related
compounds and the Assay employs a Merck Chiradex brand of
column containing packing L45. The typical retention time of
sertraline hydrochloride is about 13 minutes.

2. The liquid chromatographic procedure in the test for Limit of
(R,R) sertraline hydrochloride employs a Chiral brand of
column (Chiralcel OD-H, Daicel Chemical Industries) contain-
ing packing L51. The typical retention time of sertraline
hydrochloride is about 5.5 minutes.

(MD-PP: S. Ramakrishna) RTS— C44251

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(5) [Sept.–Oct. 2008] IN-PROCESS REVISION 1189



Add the following:

&Sertraline Hydrochloride

C17H17Cl2N �HCl 342.69

1-Naphthalenamine, 4-(3,4-dichlorophenyl)-1,2,3,4-tetrahy-

dro-N-methyl-, hydrochloride, (1S-cis)-

(1S,4S)-4-(3,4-Dichlorophenyl)-1,2,3,4-tetrahydro-N-methyl-

1-naphthylamine hydrochloride [79559-97-0].

» Sertraline Hydrochloride contains not less than

98.0 percent and not more than 102.0 percent of

C17H17Cl2N �HCl, calculated on the anhydrous

basis.

Packaging and storage—Preserve in tight, light-resistant

containers at a temperature not exceeding 408.

USP Reference standards h11i—USP Sertraline Hydro-

chloride RS. USP Sertraline Hydrochloride Racemic Mixture

RS. USP Sertraline Hydrochloride Related Compound A RS.

Identification—

A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the

chromatogram of the sample corresponds to the retention

time of sertraline hydrochloride from the Resolution solution

in the test for Limit of (R,R) sertraline hydrochloride.

C: A solution (1 in 10) in a mixture of alcohol and water

(1 : 1) meets the requirements of the test for Chloride h191i.

Water, Method I h921i: not more than 0.50%.

Residue on ignition h281i: not more than 0.10%.

Heavy metals, Method II h231i: not more than 0.002%.

Limit of (R,R) sertraline hydrochloride—

Mobile phase—Prepare a filtered and degassed mixture of

hexane, 2-propanol, and diethylamine (960 : 40 : 1.5).

Resolution solution—Transfer an accurately weighed quan-

tity of about 10 mg of USP Sertraline Hydrochloride Racemic

Mixture RS into a 20-mL volumetric flask. Add 4 mL of

diluted ammonia water (1 in 10) and 10 mL of hexane. Shake

well until the organic phase is clear. Wait for phase

separation, transfer about 2.0 mL from the top layer into a

20-mL volumetric flask, and dilute with hexane to volume.

Standard solution—Transfer an accurately weighed quan-

tity of about 10 mg of USP Sertraline Hydrochloride RS into

a 20-mL volumetric flask. Add 4 mL of diluted ammonia

water (1 in 10) and 10 mL of hexane. Shake well until the

organic phase is clear. Wait for phase separation, transfer 1.0

mL from the top layer into a 10-mL volumetric flask, and

dilute with hexane to volume. Further dilute quantitatively

and stepwise, if necessary, to obtain a solution having a

known concentration of about 0.01 mg per mL.

Test solution—Transfer about 20 mg of Sertraline Hydro-

chloride, accurately weighed, to a 20-mL volumetric flask.

Add 4 mL of diluted ammonia water (1 in 10) and 10 mL of

hexane. Shake well until the organic phase is clear. Wait for

phase separation, and use the top layer as the Test solution.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 235-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L51. The column temperature is maintained at 58. The flow

rate is about 1 mL per minute. Chromatograph the Resolution

solution, and record the peak responses as directed for

Procedure: the resolution, R, between sertraline hydrochlo-

ride and (R,R) sertraline hydrochloride is not less than 2.8; the

relative standard deviation for replicate injections is not more

than 10.0%. [NOTE—The relative retention times are about

1.16 for (R,R) sertraline hydrochloride and 1.0 for sertraline

hydrochloride.]

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the
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responses for the major peaks. Calculate the percentage of the

(R,R) sertraline hydrochloride in the portion of the Sertraline

Hydrochloride taken by the formula:

100(CS /CT)(rT / rS)

in which CS is the concentration, in mg per mL, of USP

Sertraline Hydrochloride RS in the Standard solution; CT is

the concentration, in mg per mL, of Sertraline Hydrochloride

in the Test Solution; rT and rS are the peak responses of the

(R,R) sertraline hydrochloride obtained from the Test solution

and the USP Sertraline Hydrochloride RS obtained from the

Standard solution, respectively: not more than 0.30% of (R,R)

sertraline hydrochloride is found.

Related compounds—

Buffer solution and Mobile phase—Proceed as directed in

the Assay.

System suitability solution—Dissolve an accurately

weighed quantity of USP Sertraline Hydrochloride RS and

USP Sertraline Hydrochloride Related Compound A RS in

Mobile phase to obtain a solution having a known

concentration of about 0.05 mg per mL of each of the

reference standards.

Standard solution—Accurately weigh a known quantity of

USP Sertraline Hydrochloride RS into an appropriate

volumetric flask. Dilute quantitatively, and stepwise if

necessary, to obtain a solution having a known concentration

of about 0.5 mg per mL.

Test solution—Transfer about 10 mg of Sertraline Hydro-

chloride, accurately weighed, to a 20-mL volumetric flask,

dissolve in and dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. Chromatograph the System

suitability solution and the Standard solution, and record the

peak responses as directed for Procedure: the resolution, R,

between sertraline hydrochloride related compound A and

sertraline hydrochloride is not less than 2.2; the relative

standard deviation for replicate injections of the Standard

solution is not more than 10.0%. [NOTE—The relative

retention times are about 1.2 for sertraline hydrochloride

related compound A and 1.0 for sertraline hydrochloride.]

Procedure—Inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromato-

graph, record the chromatogram, and measure the peak

responses. Calculate the percentage of sertraline hydrochlo-

ride related compounds in the portion of Sertraline Hydro-

chloride taken by the formula:

100(CS /CT)(rT / rS)

in which CS is the concentration, in mg per mL, of USP

Sertraline Hydrochloride RS in the Standard solution; CT is

the concentration, in mg per mL, of Sertraline Hydrochloride

in the Test Solution; rT is the individual peak response of each

of the sertraline hydrochloride related compounds in the Test

solution; and rS is the peak response of sertraline hydrochlo-

ride in the Standard solution: the limits of impurities and the

relative retention times for all of the specified impurities in

Sertraline Hydrochloride are given in Table 1.

Table 1

Component

Relative

Retention

Time

Limit

(%)

2,3-Dichlorophenyl sertra-

line hydrochloride1

0.32 NMT 0.15

3-Chlorophenyl sertraline

hydrochloride2

0.42 NMT 0.2

4-Chlorophenyl sertraline

hydrochloride3

0.60 NMT 0.2

Sertraline 1 —

3,4-Dichlorophenyl sertra-

line hydrochloride4

1.64 NMT 0.1
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Table 1 (Continued)

Component

Relative

Retention

Time

Limit

(%)

Any other unspecified

individual impurity

— NMT 0.10

Total of all impurities5 — NMT 0.5

1 (1RS,4RS)-4-(2,3-Dichlorophenyl)-N-methyl-1,2,3,4-tetrahydro-
naphthalen-1-amine hydrochloride.
2 (1RS,4RS)-4-(3-Chlorophenyl)-N-methyl-1,2,3,4-tetrahydro-
naphthalen-1-amine hydrochloride.
3 (1RS,4RS)-4-(4-Chlorophenyl)-N-methyl-1,2,3,4-tetrahydro-
naphthalen-1-amine hydrochloride.
4 (1S,4R)-4-(3,4-Dichlorophenyl)-N-methyl-1,2,3,4-tetrahydro-1-
naphthylamine hydrochloride.
5 This limit for total impurities does not include the limit of (R,R)
sertraline hydrochloride.

Assay—

Buffer solution—Transfer about 5.75 g of monobasic

ammonium phosphate into a 1000-mL volumetric flask.

Dissolve in about 500 mL of water, and dilute with water to

volume. Adjust with phosphoric acid to a pH of 4.2.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and methanol (52 : 48). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Sertraline Hydrochloride RS in Mobile

phase, and dilute quantitatively, and stepwise if necessary, to

obtain a solution having a known concentration of about 0.04

mg per mL.

Assay preparation—Transfer about 10 mg of Sertraline

Hydrochloride, accurately weighed, to a 20-mL volumetric

flask, dissolve in and dilute withMobile phase to volume, and

mix. Further dilute 2 mL of this solution taken in a 25-mL

volumetric flask with Mobile phase to obtain a solution of

0.04 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detector

and a 4.0-mm 6 25-cm column that contains 5-mm packing

L45. The flow rate is about 1 mL per minute. The column

temperature is maintained at 308. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor for sertraline

hydrochloride is not more than 1.3; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

sertraline hydrochloride using the formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

the Standard preparation and the Assay preparation,

respectively; and rU and rS are the peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&2S (USP32)

BRIEFING

Sodium Sulfate, USP 31 page 3259. On the basis of comments
received, in the Assay it is proposed to use ashless filter paper in
place of a filtering crucible to alleviate concerns about the recovery
of the barium sulfate precipitate. Whatman #42 ashless filter paper
has been found suitable, providing excellent recovery with no loss of
the fine precipitate. Additionally, it is proposed to clarify the term
‘‘free from chloride’’ by incorporating silver nitrate TS to confirm
the absence of chloride in the final washing.

(MD–GRE: E. Gonikberg; M. Puderbaugh) RTS—C66811

Change to read:

Assay—Weigh accurately a portion of Sodium Sulfate, equivalent to
about 400 mg of anhydrous sodium sulfate, dissolve in 200 mL of
water, and add 1 mL of hydrochloric acid. Heat to boiling, and
gradually add, in small portions and while constantly stirring, an
excess of hot barium chloride TS (about 8 mL). Heat the mixture on
a steam bath for 1 hour, collect the precipitate of barium sulfate on a
tared filtering crucible, wash until free from chloride, dry, ignite, and
weigh.

&retentive, ashless filter paper, wash until free from chloride

when tested with silver nitrate TS, and place the filter into a

suitable tared crucible. Carefully burn away the paper, and

ignite at 8008 + 258 to constant weight.&2S (USP32)
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The weight of the barium sulfate so obtained, multiplied by 0.6086,
represents its equivalent of Na2SO4.

BRIEFING

Spectinomycin for Injectable Suspension, USP 31 page 3266.
On the basis of comments received, it is proposed to expand the
Identification test from its original, brief cross-reference to the
Spectinomycin Hydrochloride monograph to present a complete
detailed procedure. The test will be deleted from the Other
requirements section and included in a new Identification section.

(MD-ANT: A. Wise) RTS—C65905

Add the following:

&Identification—Infrared Absorption h197Mi. Do not dry

specimen.&2S (USP32)

Change to read:

Other requirements—It conforms to the Definition, responds to the
Identification test,

&

&2S (USP32)
and meets the requirements for Crystallinity, Bacterial endotoxins,
Sterility, Water, and Residue on ignition under Spectinomycin
Hydrochloride. It meets also the requirements for Uniformity of
Dosage Units h905i and Labeling under Injections h1i.

BRIEFING

Streptomycin Injection, USP 31 page 3276. On the basis of
comments received, it is proposed to expand the Identification test
from its original, brief cross-reference to the Streptomycin Sulfate
monograph to present a complete detailed procedure. The test will be
deleted from the Other requirements section and included in a new
Identification section.

(MD-ANT: A. Wise) RTS—C65739

Add the following:

&Identification—

Iron reagent—Dissolve 5 g of ferric chloride in 50 mL of

0.1N hydrochloric acid. Transfer 2.5 mL of this stock

solution to a 100-mL volumetric flask, dilute with 0.01N

hydrochloric acid to volume, and mix. Prepare the Iron

reagent at the time of use.

Procedure—Dissolve the specimen in water, and dilute

with water to obtain a solution containing about 1 mg of

streptomycin per mL. To 5 mL of this solution add 2.0 mL of

1N sodium hydroxide, and heat in a water bath for 10

minutes. Cool in ice water for 3 minutes, then add 2.0 mL of

1.2N hydrochloric acid, and mix. Add 5 mL of Iron reagent,

and mix: a violet color is produced.&2S (USP32)

Change to read:

Other requirements—It responds to Identification test A and

&

&2S (USP32)
meets the requirements for Sterility under Streptomycin for Injection.
It meets also the requirements under Injections h1i.

BRIEFING

Tamsulosin Hydrochloride Capsules. Because there is no
existing USP monograph for this dosage form, a new monograph,
based on the validation data received, is proposed. The liquid
chromatographic procedures in the Assay and the tests for
Dissolution and Uniformity of dosage units are based on analyses
performed with the Nucleosil 5 C18 or YMC Pack ODS-A brand of
column containing packing L1. The typical retention times are about
6 minutes for tamsulosin and about 10 minutes for the internal
standard peaks.

(MD-GRE: E. Gonikberg; BPC: M. Marques) RTS—C54823

Add the following:

&Tamsulosin Hydrochloride Capsules

» Tamsulosin Hydrochloride Capsules contain not

less than 90.0 percent and not more than 110.0

percent of the labeled amount of tamsulosin

hydrochloride (C20H28N2O5S �HCl).

Packaging and storage—Preserve in tight containers. Store

at controlled room temperature.

USP Reference standards h11i—USP Tamsulosin Hydro-

chloride RS.

Identification—

A: Ultraviolet Absorption—

0.2N Sodium hydroxide solution—Dissolve 8.0 g of sodium

hydroxide in a sufficient amount of freshly boiled and cooled

water to make 1000 mL.
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Procedure—Transfer suitable quantities of Capsule con-

tents, equivalent to about 2.5 mg of tamsulosin hydrochloride,

into each of two Teflon-lined, screw-cap centrifuge tubes

containing approximately 100 glass balls with a diameter of

about 5 mm. Add 20 mL of 0.2 N Sodium hydroxide solution

into each of them, heat at 508 for about 10 minutes, and shake

well. Add 20 mL of a mixture of acetonitrile and ethyl acetate

(3 : 2) and 5 g of sodium chloride, shake well for 5 minutes,

and centrifuge each tube. Combine the supernatant of the two

tubes, and evaporate to dryness under reduced pressure.

Dissolve the residue in 2.5 mL of a mixture of water and

acetonitrile (4 : 1), and pass through a membrane filter with a

pore size of 0.5 mm or less. Dilute 0.5 mL of the filtrate with

water to 50 mL. The ultraviolet absorption spectrum of the

solution obtained exhibits maxima at between 222 and 226

nm and between 276 and 281 nm.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, obtained as

directed in the Assay.

Dissolution h711i—

Acid stage medium: Dissolve 2.0 g of sodium chloride in

5.7 mL of hydrochloric acid, and add water to make up to

1000 mL. To 500 mL of this fluid, add 1 mL of polysorbate

80 aqueous solution (3 g in 200 mL of water) just before the

test; 500 mL.

Buffer stage medium: pH 7.2 phosphate buffer; 500 mL.

Apparatus 2: 100 rpm, with sinker (see Figure 2a under

Dissolution h711i).

Times: 2, 3, and 8 hours.

Procedure—Perform the test using Acid stage medium. At

2 hours after the start of the test, withdraw 10.0 mL of the

solution under test (T1). Drain the Acid stage medium

immediately by suction through a tube capped with a 60-

mesh stainless wire screen. Rinse the drain tube while adding

the Buffer stage medium previously warmed, and continue the

test. At 3 hours after the start of the test (1 hour after

replacement of the Medium), withdraw 10.0 mL of the

solution under test (T2), replace the same volume with

warmed Buffer stage medium, and continue the test. At 8

hours after the start of the test (6 hours after the replacement

of the Medium), withdraw 10.0 mL of the solution under test

(T3).

Determine the amount of tamsulosin hydrochloride dis-

solved employing the following method.

Internal standard solution—Prepare a solution of propyl-

paraben in a mixture of water and acetonitrile (7 : 3)

containing about 0.008 mg per mL.

Standard solution—Prepare a solution of USP Tamsulosin

Hydrochloride RS in a mixture of water and acetonitrile (7 : 3)

having a known concentration of about 0.5 mg per mL.

Transfer 4.0 mL of this solution to a 100-mL volumetric flask,

and dilute with Acid stage medium to volume. Transfer 4.0

mL of this dilution to another 100-mL volumetric flask, and

dilute with Acid stage medium to volume. This solution has a

known concentration (CS) of about 0.0008 mg of tamsulosin

hydrochloride per mL. Transfer 10.0 mL of this last dilution

to a test tube, and add 2.0 mL of the Internal standard

solution.

Test solutions—Add 2.0 mL of the Internal standard

solution to T1, mix well, and pass through a suitable 0.5-mm

filter, discarding the first 5 mL. Add 1.0 mL of 0.5 N

hydrochloric acid and 2.0 mL of Internal standard solution to

T2, mix well, and pass through a suitable 0.5-mm filter,

discarding the first 5 mL. Add 1.0 mL of 0.5N hydrochloric

acid and 2.0 mL of Internal standard solution to T3, mix well,

and pass through a suitable 0.5-mm filter, discarding the first 5

mL.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay, except to chromatograph the

Standard solution instead of the Standard preparation.

Procedure—Proceed as directed in the Assay, except to

inject 250 mL instead of 10 mL. Calculate the ratios (RT1, RT2,

RT3, RS) of the peak area of tamsulosin to that of the internal
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standard for all Test solutions and the Standard solution.

Calculate the percentage of tamsulosin hydrochloride dis-

solved at each time point by the following formulas.

Percentage of tamsulosin hydrochloride dissolved at

2 hours (D1):

Percentage of tamsulosin hydrochloride dissolved at

3 hours (D2):

Percentage of tamsulosin hydrochloride dissolved at 8

hours (D3):

in which 100 is the conversion factor to percentage; L is the

Capsule label claim, in mg; 500 is the volume, in mL, of

Medium; 10 is the volume, in mL, of the withdrawn aliquot of

T2; and CS is as defined above.

Tolerances—The percentage of the labeled amount of

tamsulosin hydrochloride dissolved at the specified times

conforms to Acceptance Table 2.

Time

(hours) Amount dissolved

2 between 13% and 34%

3 between 47% and 68%

8 not less than 80%

Uniformity of dosage units h905i: meet the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—

0.05 N Sodium hydroxide solution, Hydrochloric acid

solution, pH 2.0 solution, Mobile phase, and Standard stock

preparation—Prepare as directed in the Assay.

Internal standard solution—Prepare a solution of propyl-

paraben in a mixture of water and acetonitrile (7 : 3)

containing about 0.16 mg per mL.

Standard solution—Transfer 5.0 mL of the Standard stock

preparation to a 25-mL volumetric flask, and dilute with a

mixture of water and acetonitrile (7 : 3) to volume (Solution

A). Transfer 4.0 mL of Solution A to a suitable container, add

5.0 mL of the Internal standard solution, and add the Mobile

phase to make 40 mL.

Test solution—Place the content of 1 Capsule into a Teflon-

lined, screw-cap centrifuge tube. Place approximately

100 glass balls with a diameter of about 5 mm into the

tube, add 20 mL of 0.05N Sodium hydroxide solution, heat at

508 for 10 minutes, and shake well for 30 minutes. Add 15

mL of a mixture of Hydrochloric acid solution and

acetonitrile (1 : 2) to the solution, and shake well. Add 5.0

mL of the Internal standard solution, and shake well.

Centrifuge at 1500 rpm for 10 minutes, and use the

supernatant, passing it if necessary through a membrane

filter with a pore size of 0.5 mm or smaller.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay, except to chromatograph the

Standard solution instead of the Standard preparation.

Procedure—Separately inject equal volumes (about 25 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

area of the major peaks. Calculate the quantity, in mg, of

tamsulosin hydrochloride (C20H28N2O5S �HCl) in the Capsule

taken by the formula:

(CAVA)(RU /RS)
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in which CA is the concentration, in mg per mL, of USP

Tamsulosin Hydrochloride RS in Solution A; VA is the

volume, in mL, of Solution A taken to prepare the Standard

solution; and RU and RS are the ratio of the peak areas for

tamsulosin and the internal standard areas obtained from the

Test solution and Standard solution, respectively.

Assay—

1N Sodium hydroxide solution—Dissolve 4.3 g of sodium

hydroxide in sufficient water to make 100 mL.

0.05 N Sodium hydroxide solution—Dilute 50 mL of 1N

sodium hydroxide solution with sufficient water to make 1000

mL.

Hydrochloric acid solution—Dilute 20 mL of hydrochloric

acid with water to 1000 mL.

pH 2.0 solution—Dissolve 8.7 mL of perchloric acid and

3.0 g of sodium hydroxide in 1900 mL of water. Adjust with

1N Sodium hydroxide solution to a pH of 2.0, and add

sufficient water to make 2000 mL.

Mobile phase—Use a mixture of pH 2.0 solution and

acetonitrile (1400 : 600). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Internal standard solution—Prepare a solution of propyl-

paraben in a mixture of water and acetonitrile (7 : 3)

containing about 0.4 mg per mL.

Standard stock preparation—Prepare a solution of USP

Tamsulosin Hydrochloride RS in a mixture of water and

acetonitrile (7 : 3) having a known concentration of about 0.5

mg per mL.

Standard preparation—Transfer 2.0 mL of the Standard

stock preparation to a suitable container, add 5.0 mL of

Internal standard solution, and add Mobile phase to make 40

mL.

Assay preparation—Accurately weigh the contents of not

fewer than 20 Capsules. Mix the contents, and transfer an

accurately weighed portion of the powder, equivalent to about

1 mg of tamsulosin hydrochloride based on the label claim,

into a Teflon-lined, screw-cap centrifuge tube. Place approx-

imately 100 glass balls with a diameter of about 5 mm into the

tube, add 20 mL of 0.05 N Sodium hydroxide solution, heat at

508 for 10 minutes, and shake well for 30 minutes. Add 15

mL of a mixture of Hydrochloric acid solution and

acetonitrile (1 : 2) to the solution, and shake well. Add 5.0

mL of the Internal standard solution, and shake well.

Centrifuge at 1500 rpm for 10 minutes, and use the

supernatant, passing it if necessary through a membrane

filter with a pore size of 0.5 mm or less.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 225-nm detector

and a 4.0-mm 6 15-cm column that contains 5-mm packing

L1. Alternatively, a 4.6-mm 615-cm column that contains 5-

mm packing L1 may be used. The column temperature is

maintained at 408. The flow rate is about 1 mL per minute for

a 4.0-mm column and about 1.3 mL per minute for a 4.6-mm

column. [NOTE—The flow rate can be adjusted as needed to

achieve a recommended retention time of tamsulosin at

approximately 6 minutes.] Chromatograph the Standard

preparation, and record the peak responses as directed for

Procedure: the resolution between tamsulosin and propyl-

paraben is not less than 12, and the elution order is tamsulosin

hydrochloride followed by propylparaben. The relative

standard deviation of the ratios of the peak areas for

tamsulosin and the internal standard for replicate injections

of the Standard preparation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the area of the major peaks. Calculate the percentage of the

l ab e l ed amoun t o f t amsu l o s i n hyd roch l o r i d e

(C20H28N2O5S �HCl) in the portion of Capsules taken by the

formula:

100 6 (CS VS /W)(RU /RS)

in which CS is the concentration, in mg per mL, of USP

Tamsulosin Hydrochloride RS in the Standard stock prepa-

ration; VS is the volume, in mL, of the Standard stock

preparation taken to prepare the Standard preparation; W is
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the amount of tamsulosin hydrochloride, in mg, based on the

label claim, taken to prepare the Assay preparation; and RU

and RS are the ratio of the peak areas for tamsulosin and the

internal standard areas obtained from the Assay preparation

and Standard preparation, respectively.&2S (USP32)

BRIEFING

Terbinafine Hydrochloride, page 3666 of the First Supplement.
It is proposed to revise the acceptance criteria for Melting range to
reflect specifications for additional FDA-approved products.

(MD-AA: B. Davani; M. Puderbaugh) RTS—C64984

Change to read:

Melting range h741i: between 2048

&2018&2S (USP32)
and 2088.

BRIEFING

Thimerosal, USP 31 page 3386—See briefing under Acetamino-
phen.

(MD-AA: B. Davani; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Dissolve about 200 mg in
5 mL of sulfuric acid TS

&

&2S (USP32)
: the solution has no more color than Matching Fluid J.

BRIEFING

Topiramate Tablets. Because there is no existing USP mono-
graph for this dosage form, a new monograph, based on validated
analytical methods, is being proposed.
1. Limit of Sulfamate and Sulfate using ion-chromatography has

been validated using a PRP-X100 brand of L47 packing
manufactured by Hamilton. The typical retention time for
sulfate is around 7 minutes.

2. The Dissolution test is based on an HPLC method validated
using Betasil Phenyl brand of L11 column. The typical
retention time for topiramate is about 7 minutes.

3. The Related compounds and Assay tests are based on an HPLC
method validated using Waters Symmetry Shield RP18 brand of
L1 column. The typical retention time for topiramate is about
30 minutes.

(MD-PP: R. Ravichandran; BPC: M. Marques) RTS—C48261

Add the following:

&Topiramate Tablets

» Topiramate Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of Topiramate (C12H21NO8S).

Packaging and storage—Store in tightly closed containers at

controlled room temperature, protected from moisture.

USP Reference standards h11i—USP Topiramate RS. USP

Topiramate Related Compound A RS.

Identification—

A: Infrared Absorption h197Fi.
Spectral range: 4000 to 650 cm–-1.

Sample preparation—Grind an appropriate number of

Tablets to prepare a 20 mg per mL topiramate solution in

acetone. Shake the solution for 30 minutes, and centrifuge for

10 minutes. Then pass an aliquot of the clear supernatant

through suitable 0.45-mm nylon filter, and use the filtrate for

analysis.

Standard preparation—Weigh appropriate amount of USP

Topiramate RS to prepare a 20 mg per mL topiramate solution

in acetone, then shake to dissolve, and use the solution for

analysis.

Procedure—Apply 50 mL of the Standard preparation to

NaCl plate, and allow the solution to dry, then obtain the IR

spectrum. Wash the window with acetone, and repeat the

same procedure using the Sample preparation.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.
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Dissolution h711i—

Medium: Water; 900 mL.

Apparatus 2: 50 rpm.

Time: 20 minutes.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Topiramate RS in Medium, and dilute

quantitatively, and stepwise if necessary, with Medium to

obtain a solution having a known concentration of about 0.1

mg per mL.

Test solution—Pass a portion of the solution under test

through a suitable 1-mm filter.

Mobile phase—Prepare a filtered and degassed mixture of

0.1% trifluoroacetic acid in water and methanol (1 : 1). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive index

detector and a 4.0-mm 6 1-cm guard column and a 4.6-mm

6 25-cm analytical column that contain 5-mm packing L11.

The flow rate is about 1.2 mL per minute. The column and the

detector are maintained at 408. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the relative standard deviation for replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Determine the percentage of topiramate

dissolved by the formula:

in which rU and rS are the peak responses for the Test solution

and the Standard solution, respectively; CS is the concentra-

tion, in mg per mL, of the Standard solution; 900 is the

volume, in mL, of Medium; 100 is the conversion factor to

percentage; and L is the tablet label claim, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of topiramate is dissolved in 20 minutes.

Limit of sulfamate and sulfate—[NOTE—Use water with

resistivity not less than 18 megohm-cm for preparation of

Mobile phase, Standard solution, and Test solution.]

Mobile phase—Dissolve 0.8 gm of p-hydroxybenzoic acid

in 1 L of water. Prepare a degassed mixture of this solution

and methanol (97.5 : 2.5). Adjust with sodium hydroxide

solution to a pH of 9.4 +0.5. Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Standard solution—Dissolve an accurately weighed quan-

tity of sodium sulfate, anhydrous and sulfamic acid in a

suitable volumetric flask, and dilute quantitatively with

Mobile phase to obtain a solution having a known

concentration of about 0.015 mg per mL each of sodium

sulfate and sulfamic acid.

Test solution—Grind not fewer than 20 Tablets. Transfer an

amount of powder equivalent to 300 mg of topiramate to a

50-mL volumetric flask. Add about 40 mL of Mobile phase,

and stir for 30 minutes. Sonicate for 10 minutes, dilute with

Mobile phase to volume, and mix. Centrifuge, and pass

through 0.45-mm polyethersulfone membrane filter, discard-

ing the first 3 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a conductivity

detector, a 4.6-mm 6 15-cm column containing 5-mm

packing L47. The flow rate is about 1.5 mL per minute.

[NOTE— Suitable background suppression unit may be used.]

The detector temperature is maintained at 308. Chromato-

graph the Standard solution, and record the peak areas as

directed for Procedure: [NOTE—The approximate relative

retention time of sulfamate ion peak is 0.44 relative to sulfate
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ion peak.] Relative standard deviation for the replicate

injections of sulfamate and sulfate peaks should not be

more than 15.0%.

Procedure—Separately inject equal volumes (about 70 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, measure the peak

response for the sulfate and sulfamate peaks. Calculate the

percentage of sulfate and sulfamate ions in the portion of

Topiramate Tablets taken by the formula:

(rI / rs)(Cs /Cu)(Mr1 /Mr2)100

in which rI and rs are the peak areas of the sulfate ion or

sulfamate ion obtained from the Test solution and the

Standard solution, respectively; Cs is the concentration, in

mg per mL, of sodium sulfate or sulfamic acid in the

Standard solution; Cu is the concentration of topiramate, in

mg per mL, in the Test solution. For sulfate limit calculation:

Mr1 is the molecular weight of sulfate anion (96.04); and Mr2

is the molecular weight of sodium sulfate, anhydrous

(142.04). For sulfamate limit calculation: Mr1 is the molecular

weight of sulfamate anion (96.09); and Mr2 is the molecular

weight of sulfamic acid (97.09). Not more than 0.25% of

sulfate ion is found; and not more than 0.25% of sulfamate

ion is found.

Uniformity of dosage units h905i: Meets the requirements.

Related compounds—

Diluent, Mobile phase, Standard preparation—Proceed as

directed for Assay.

Standard solution—Prepare a solution having a concentra-

tion of about 3 mg per mL of USP Topiramate Related

Compound A in Diluent. Transfer 2 mL of the resultant

solution to a 10-mL volumetric flask. Transfer 2 mL of the

Standard preparation to the flask. Dilute with Diluent to

volume.

Peak identification solution—Dissolve a suitable quantity

of USP Topiramate Related Compound A RS in the Standard

preparation in the Assay to obtain a solution having a

concentration 0.6 mg per mL each of Topiramate and

topiramate related compound A.

Test solution—Use Assay preparation.

Chromatographic system (see Chromatography h621i)—

Prepare as directed for Assay. Chromatograph the Peak

identification solution, then record the peak responses as

directed for Procedure: identify the peaks due to topiramate

related compound A and topiramate using the relative

retention times given in Table 1. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the relative standard deviation of replicate

injections should not be more than 5.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of each impurity in

the portion of Tablets taken by the formula:

(rI / rs)(Cs /Cu)(1 /F)100

in which rI is the peak response for each impurity in the Test

solution, and rs is the peak response of topiramate in the

Standard solution; Cs is the concentration, in mg per mL, of

USP Topiramate RS in the Standard solution; Cu is the

concentration, in mg per mL, of topiramate in the Test

solution; and F is the relative response factor as listed in

Table 1.

Assay—

Buffer—Dissolve about 1.54 g of ammonium acetate in 1 L

of water. Adjust the solution with glacial acetic acid to a pH

of 4.0.

Mobile phase—Prepare a mixture of Buffer and methanol

(80 : 20). Mix well, and degas.

Diluent—Prepare a mixture of water and methanol (80 : 20).
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Standard preparation—Dissolve an accurately weighed

quantity of USP Topiramate RS in a suitable volumetric flask,

and dilute quantitatively with Diluent to obtain a solution

having a known concentration of about 6 mg of topiramate

per mL.

Assay preparation—Transfer 12 Tablets to appropriately

sized volumetric flask, and dilute quantitatively, and stepwise

if necessary, with Diluent to obtain a solution having a

nominal topiramate concentration of 6 mg per mL, based on

the label claim. Shake vigorously for at least 30 minutes, then

pass a portion of this solution through a chemical resistant

0.45-mm filter (PTFE), and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive index

detector and 4.6-mm 6 25-cm column that contains 5-mm

packing L1. The flow rate is about 1.5 mL per minute. The

column and detector temperatures are maintained at 358.

Chromatograph the Standard preparation; record the peak

responses as directed for Procedure: the relative standard

deviation of replicate injections should not be more than

2.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the response for the topiramate peak. Calculate the

quantity, in percentage of label claim, of topiramate

(C12H21NO8S) in the portion of Tablets taken by the formula:

(ru / rs)(CS /CU)100

in which ru and rs are the peak responses obtained from the

Assay preparation and the Standard preparation, respec-

tively; CS is the concentration, in mg per mL, of topiramate in

the Standard preparation; and CU is the nominal concentra-

tion of topiramate, in mg per mL, in the Assay preparation.

BRIEFING

Tramadol Hydrochloride, page 458 of PF 31(2) [Mar.–Apr.
2005]. On the basis of comments received, it is proposed to make the
following revisions.
1. In the Definition, change the basis from dried to anhydrous; and

as a result, revise the limits from 99.0 percent to 101.0 percent
to 98.0 percent to 102.0 percent.

2. Revise both the Assay and the test for Related compounds by
replacing the current titration and HPLC methods with an
HPLC method that is stability indicating and has greater
specificity. In the proposed liquid chromatographic procedures
for the Assay and Related compounds, the chromatograph is
equipped with a 270-nm detector and a 4.6-mm 6 25-cm
column that contains 5-mm packing L1. The analyses are
performed with a Nucleosil C-18 brand of L1 column. The
typical retention time for tramadol is about 6 minutes.

3. Add a test for Water, because in this proposed revision, the
Assay result is calculated on the anhydrous basis.

4. In the Acidity section, replace the test with one that is
semiquantitative, as opposed to qualitative, and is less prone
to producing false positive results.

5. Delete the pH test, because the Acidity test adequately describes
the drug substance and is more reliable.

6. Delete the Loss on drying test, because the Assay result is no
longer calculated on the dried basis.

7. In the Heavy metals test, increase the specifications from
0.001% to 0.002% to harmonize with the European Pharma-
copoeia.

8. Add a test for Content of chloride to assess the purity of the
substance. The result of this test provides the concentration of
free chloride in solution, which is an indication of the presence
or absence of free base (tramadol).

9. Change the section title Limit of 2-(dimethylaminomethyl)-1-
cyclohexanone hydrochloride to Limit of Tramadol Related
Compound B [2-(dimethylaminomethyl)-1-cyclohexanone hy-

Table 1

Compound

Relative

Retention

Time

Relative

Response

Factor (F) Impurity

Topiramate related compound A 0.66 1.1 0.5%

Topiramate 1.0 — —

Individual unspecified degradation product — — 0.2%

Total impurities — — 0.7%

&2S (USP32)
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drochloride]; and increase the limit of tramadol related
compound B from 0.1% to 0.2%, based on an ANDA approval
from the FDA.

10. Replace the test for Limit of isopropyl alcohol with the Residual
solvents test, which is covered in general chapter Residual
Solvents h467i.

(MD-CCA: C. Anthony) RTS—C43135

Add the following:

&Tramadol Hydrochloride

C16H25NO2 �HCl 299.84

(+)-cis-2-[(Dimethylamino)methyl]-1-(3-methoxyphenyl)

cyclohexanol hydrochloride.

(+)-cis-2-[(Dimethylamino)methyl]-1-(m-methoxyphenyl)

cyclohexanol hydrochloride [36282-47-0].

» Tramadol Hydrochloride contains not less than

99.0 98.0 percent and not more than 101.0 102.0

percent of C16H25NO2 �HCl, calculated on the dried

anhydrous basis.

Packaging and storage—Preserve in tight containers, and

store at controlled room temperature.

USP Reference standards h11i—USP Tramadol Hydrochlo-

ride RS. USP Tramadol Related Compound A RS. USP 2-

(dimethylaminomethyl)-1-cyclohexanone hydrochloride RS.

USP Tramadol Related Compound B RS.

Identification—

A: Infrared Absorption h197Ki.

B: An aqueous solution (1 in 100) meets the requirements

of the test for Chloride h191i.

Acidity—Dissolve 1 g in 20 mL of water. To each of two 5-

mL portions of this solution, add 5 mL of water and 0.1 mL

of methyl red TS. When 0.25 mL of 0.01N sodium hydroxide

is added to one portion, a yellow color is produced; and when

0.25 mL of 0.01N hydrochloric acid is added to the other

portion, a red color is produced. Dissolve 500 mg in water,

and dilute to 10 mL. Add 0.2 mL of methyl red TS and 0.2

mL of 0.01N Hydrochloric acid VS, and titrate with 0.01N

sodium hydroxide VS: not more than 0.4 mL of 0.01N

sodium hydroxide is required in order to produce a yellow

color.

pH h791i:between 5.0 and 6.5, in a solution (1 in 100).

Water, Method Ia h921i—not more than 0.5%.

Loss on drying h731i—Dry it at 1058 to constant weight: it

loses not more than 0.5% of its weight.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method I h231i: 0.001% 0.002%.

Content of chloride—Dissolve 150 mg of Tramadol

Hydrochloride, accurately weighed, in 40 mL of water.

Add, with stirring, 7.5 mL of 4N nitric acid and 15.0 mL of

0.1 N silver nitrate, and titrate with 0.1 N ammonium

thiocynate VS, determining the endpoint potentiometrically,

and using a silver-glass electrode system. Each mL of 0.1N

ammonium thiocynate is equivalent to 3.545 mg of chloride.

Not less than 11.6% and not more than 12.1% of chloride is

found.

Limit of isopropyl alcohol—

Internal standard stock solution—Accurately weigh about

200 mg of n-propyl alcohol into a 20-mL volumetric flask

containing about 15 mL of water, dilute with water to volume,

and mix.

Internal standard solution—Transfer 2 mL of Internal

standard stock solution to a 200-mL volumetric flask

containing about 150 mL of water, dilute with water to

volume, and mix.
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Standard stock solution—Dissolve an accurately weighed

quantity of isopropyl alcohol in Internal standard solution,

and dilute quantitatively, and stepwise if necessary, with

Internal standard solution to obtain a solution having a

concentration of about 1.0 mg per mL.

Standard solution—Transfer 4 mL of the Standard stock

solution to a 20-mL volumetric flask, and dilute with Internal

standard solution to volume. Transfer 1 mL of the solution to

a headspace vial, seal immediately, and mix gently.

Test solution—Transfer about 100 mg of Tramadol

Hydrochloride, accurately weighed, to a headspace vial, add

1 mL of Internal standard solution, seal immediately, and

mix gently.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector, a headspace sampler, and a 0.53-mm 6 60-m fused

silica column that contains 3-mm packing G43. The injection

port is maintained at a temperature of about 1408; the column

temperature is maintained at about 358 for 10 minutes, then

increased by 108 per minute to 2208 and maintained at 2208

for 6 minutes; and the detector temperature is maintained at

about 2608. The carrier gas is helium with a split flow (1 : 1)

and a flow rate of 4.0 mL per minute. The headspace

conditions are as follows. Incubation temperature is about

808, incubation time is 30 minutes, syringe heater temperature

is about 858, sample volume is about 1 mL, fill speed is about

100 mL per second, and injection speed is about 2 mL per

second. Chromatograph the Standard solution, and record the

peak responses as directed for Procedure: the relative

retention times are about 1.0 for isopropyl alcohol and 1.3

for n-propyl alcohol; the resolution, R, between isopropyl

alcohol and n-propyl alcohol is not less than 10.0; and the

relative standard deviation, determined from the peak area

ratio of isopropyl alcohol to n-propyl alcohol for three

injections of the Standard solution, is not more than 2.0%.

Procedure—Inject the Standard solution and the Test

solution into the gas chromatograph, record the chromato-

grams, and measure the peak responses. Calculate the

percentage of isopropyl alcohol in the portion of Tramadol

Hydrochloride taken by the formula:

100(C/W)(RU /RS)

in which C is the concentration, in mg per mL, of isopropyl

alcohol in the Standard solution; W is the weight, in mg, of

Tramadol Hydrochloride taken to prepare the Test solution;

and RU and RS are the ratios of the peak responses of the

corresponding isopropyl alcohol and internal standard peaks

obtained from the Test solution and the Standard solution,

respectively: not more than 0.2% of isopropyl alcohol is

found.

Limit of Tramadol Related Compound B [2-

( d i m e t h y l a m i n o m e t h y l ) - 1 - c y c l o h e x a n o n e

hydrochloride]—

Adsorbent—0.25-mm layer of chromatographic silica gel

mixture.

Test solution—Transfer about 500 mg of Tramadol

Hydrochloride, accurately weighed, to a 10-mL volumetric

flask, and dilute with methanol to volume.

Standard solution—Dissolve an accurately weighed quan-

tity of USP 2-(dimethylaminomethyl)-1-cyclohexanone hy-

drochloride Tramadol Related Compound B RS in methanol,

and dilute quantitatively, and stepwise if necessary, with

methanol to obtain a solution having a known concentration

of about 0.05 mg per mL.

Developing solvent system—Prepare a mixture of toluene,

isopropyl alcohol, and 25 percent ammonia water (80 : 19 : 1).

Sodium nitrite solution—Dissolve about 2.5 g of sodium

nitrite, accurately weighed, in 50 mL of water.

Procedure—Apply separately about 10 mL each of the Test

solution and the Standard solution to the plate, and develop

the plate until the solvent front is 10 cm above the line of

application. Remove the plate, spray with Dragendorff’s TS,
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and air-dry for 5 minutes. Spray the dried plate with Sodium

nitrite solution until the spot from 2-(dimethylaminomethyl)-

1-cyclohexanone hydrochloride tramadol related compound

B in the Standard solution is visible. Any secondary spot in

the chromatogram obtained from the Test solution corre-

sponding to 2-(dimethylaminomethyl)-1-cyclohexanone hy-

drochloride tramadol related compound B is not more

instense than a corresponding spot in the chromatogram

obtained from the Standard solution (0.1% (0.2%).

Related compounds—

Solution A—Dissolve 5 mL of perchloric acid in 950 mL of

water in a 1-L volumetric flask, add 4 mL of 25% ammonia

water, dilute with water to volume, and mix. Adjust with 25%

ammonia water to a pH of 2.2+ 0.2 . Filter and degas.

Solution B—Prepare a filtered and degassed solution of

acetonitrile and water (9 : 1).

Diluent—Prepare a mixture of Solution A and acetonitrile

(77 : 23).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Resolution solution—Prepare a solution in Diluent contain-

ing 4 mg of USP Tramadol Hydrochloride RS and 4 mg of

USP Tramadol Hydrochloride Related Compound A RS per

mL.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Tramadol Hydrochloride RS in Diluent, and dilute

quantitatively, and stepwise if necessary, with Diluent to

obtain a solution having a known concentration of about 4 mg

per mL.

System sensitivity solution—Transfer 2 mL of Standard

solution into a 100-mL volumetric flask, dilute with Diluent

to volume, and mix.

Test solution—Transfer about 200 mg of Tramadol

Hydrochloride, accurately weighed, to a 50-mL volumetric

flask; dissolve in and dilute with Diluent to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 273-nm detector

and a 4.0-mm 6 25-cm column that contains packing L1.

The flow rate is about 1.0 mL per minute. The chromatograph

is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 77 23 equilibration

0–10 77 23 isocratic

10–30 77?33 23?67 linear gradient

30–35 33 67 isocratic

35–37 33?77 67?23 linear gradient

37–50 77 23 isocratic

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure: the resolution, R,

between tramadol and tramadol related compound A is not

less than 2.0; and the relative standard deviation for replicate

injections is not more than 2.0% for each compound.

Chromatograph the System sensitivity solution, and record

the peak responses as directed for Procedure: the relative

standard deviation for replicate injections is not more than

10%.

Procedure—Inject a volume (about 20 mL) of the Standard

solution and the Test solution into the chromatograph, record

the chromatograms, and measure the peak responses.

Calculate the percentage of each impurity in the portion of

Tramadol Hydrochloride taken by the formula:

5(C/W)(1/F)(ri / rS),

in which C is the concentration, in mg per mL, of USP

Tramadol Hydrochloride RS in the Standard solution; W is

the weight, in mg, of Tramadol Hydrochloride taken to

prepare the Test solution; F is the relative response factor (see

the accompanying table for values); ri is the peak response

obtained for each individual impurity in the Test solution; and
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rS is the peak response for tramadol in the Standard solution.

The limits of impurities are specified in the accompanying

table.

Related compounds—

Mobile phase and Chromatographic system—Proceed as

directed in the Assay.

System suitability solution—Use the System suitability

preparation, prepared as directed in the Assay.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Procedure—Inject a volume (about 20 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure all of the peak responses. Calculate the

percentage of each impurity in the chromatogram obtained

from the Test solution taken by the formula:

100 (ri / rs)

in which ri is the peak response for each impurity, and rs is the

sum of the responses of all the peaks: not more than 0.2% of

tramadol related compound A is found; not more than 0.1%

of any other individual impurity is found; and not more than

0.4% of total impurities is found.

Assay—Transfer about 400 mg of Tramadol Hydrochloride,

accurately weighed, to a suitable beaker, dissolve by stirring

in 40 mL of mercuric acetate TS, and add 20 mL of glacial

acetic acid. Titrate with 0.1M perchloric acid VS, determin-

ing the endpoint potentiometrically. Perform a blank

determination, and make any necessary correction (see

Titrimetry h541i). Each mL of 0.1M perchloric acid is

equivalent to 29.984 mg of C16H25NO2 �HCl.

Assay—

Mobile phase—Dissolve 0.5 mL of trifluoroacetic acid in

1000 mL of water. Prepare a filtered and degassed mixture of

this solution and acetonitrile (700 : 300). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Compound

Relative

Retention

Time

Relative

Response Factor

(F)

Limit

(w/w, %)

RS,SR-1-(3-Methoxyphenyl)-2-(dimethylaminomethyl)cyclohexanol hydro-

chloride (Tramadol related compound A)

about 0.89 1.00 0.1

Tramadol hydrochloride 1.00 — —

1-(3-Methoxyphenyl)-2-(dimethylaminomethyl) cyclohex-1-ene hydrochlo-

ride

about 1.50 1.00 0.1

1-(3-Methoxyphenyl)-2-(dimethylaminomethyl) cyclohex-6-ene hydrochlo-

ride

about 1.46 1.14 0.1

3-Bromoanisole about 1.80 1.42 0.1

3,3’-Dimethoxybiphenyl about 2.00 3.72 0.1

Anisole about 1.40 1.90 0.1

3-Methoxyphenol about 0.72 2.28 0.1

Individual unknown impurity — 1.00 0.1

Total impurities — — 0.5
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System suitability preparation—Dissolve suitable quantities

of USP Tramadol Hydrochloride RS and USP Tramadol

Hydrochloride Related Compound A RS in Mobile phase to

obtain a solution containing about 0.05 mg per mL and 0.05

mg per mL, respectively.

Standard preparation—Dissolve an accurately weighed

quantity of USP Tramadol Hydrochloride RS in Mobile

phase, and dilute quantitatively to obtain a solution having a

known concentration of about 1.5 mg per mL.

Assay preparation—Transfer about 150 mg of Tramadol

Hydrochloride, accurately weighed, to a 100-mL volumetric

flask, dissolve in and dilute withMobile phase to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 270-nm detector

and 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1 mL per minute. Chromatograph

the System suitability preparation, and record the peak

responses as directed for Procedure: the relative retention

times are about 0.9 for tramadol related compound A and 1.0

for tramadol; the resolution, R, between tramadol related

compound A and tramadol is not less than 2.0; and the

relative standard deviation for replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

mg, of C16H25NO2 �HCl in the portion of Tramadol

Hydrochloride taken by the formula:

100 C (rU / rS)

in which C is the concentration, in mg per mL, of USP

Tramadol Hydrochloride RS in the Standard preparation; and

rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respec-

tively.&2S (USP32)

BRIEFING

Tylosin Injection, page 952 of PF 33(5) [Sept.–Oct. 2007]. On
the basis of comments received, it is proposed to make the following
changes to this new USP monograph.
1. In the Definition and the Assay, change the limits from a range

of 97.0%–110.0% to a range of 85.0%–115.0%.
2. Revise the Packaging and storage and Identification sections in

response to new information and for clarification.
3. Add a pH section.
4. Add a test for Particulate matter.
5. Delete the test for Limit of tyramine.
6. Change the method in the test for Content of tylosins to allow

for better resolution of the tylosin peaks; and in the Procedure,
change the limits of the component tylosins to better reflect the
article in distribution.

Interested parties are invited to submit comments.

(VET; MSA: I. DeVeau) RTS—C53133

Add the following:

&Tylosin Injection

» Tylosin Injection is a sterile solution of tylosin in

a suitable vehicle. It contains not less than 97.0

85.0 percent and not more than 110.0 115.0 percent

of the labeled amount of tylosin.

Packaging and storage—Preserve in single-dose or in

multiple-dose containers, preferably of Type I Type I or

Type II amber glass, and store at a temperature not to exceed

228.

Labeling—Label to indicate that it is for veterinary use only.

USP Reference standards h11i—USP Endotoxin RS. USP

Tylosin RS.

Identification—The retention time of the major peak for

tylosin A in the chromatogram of the Test solution

corresponds to that the major peak for tylosin A in the

chromatogram of the Standard solution, as obtained in the

test for Content of tylosins.

Bacterial endotoxins h85i—It contains no more than 0.28

USP Endotoxin Unit per mg of tylosin.
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Sterility h71i: meets the requirements.

pH h791i: between 8.0 and 9.5.

Particulate matter h788i—Use the procedure in Method 2—

Microscopic Particle Count Test: not more than 50 particles

per mL that are equal to or greater than 10 mm in effective

spherical diameter are found, and not more than 5 particles

per mL that are equal to or greater than 25 mm in effective

spherical diameter are found.

Limit of tyramine—

Standard solution—Transfer 5.0 mL of a solution contain-

ing 35 mg of tyramine per mL in 0.03M phosphoric acid to a

25-mL volumetric flask.

Test solution—Quantitatively dilute a volume of Tylosin

Injection, containing 100 mg of tylosin, to a 25-mL

volumetric flask, add 5.0 mL of 0.03M phosphoric acid,

and swirl to dissolve.

Procedure—Transfer 5 mL of 0.03M phosphoric acid to a

25-mL volumetric flask to provide the blank. Concurrently

add to each flask 1.0 mL of a mixture of pyridine and 2.0 mL

of filtered ninhydrin solution (1 in 25). Cover the flasks

lightly with glass or aluminum foil caps, and heat in a water

bath at 858 for not less than 20 minutes. Cool rapidly to room

temperature, dilute with water to volume, and mix. Promptly

determine the absorbances of the solutions from the Test

solution and the Standard solution at the wavelength of

maximum absorbance at about 570 nm, using the solution

from the blank to zero the instrument. The absorbance of the

solution from the Test solution is not greater than that of the

solution from the Standard solution (0.175% of tyramine). In

a valid test the solution from the Standard solution exhibits a

dark blue color.

Content of tylosins—

Mobile phase—Prepare a mixture of filtered 200 g per L of

sodium perchlorate, previously adjusted with 1N hydrochlo-

ric acid to a pH of 2.5+ 0.1, and acetonitrile (60 : 40). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Tylosin RS in a mixture of acetonitrile and water

(1 : 1) to obtain a solution having a known concentration of

about 0.2 mg per mL. [NOTE—Prepare the Standard solution

immediately before use.]

Test solution—Dilute an accurately measured volume of

Tylosin Injection with a mixture of acetonitrile and water

(1 : 1) to obtain a solution having a known concentration of

about 0.2 mg per mL. [NOTE—Prepare the Test solution

immediately before use.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 290-nm detector

and a 4.6-mm 6 20-cm column that contains 5-mm packing

L1. The flow rate is about 1.0 mL per minute and the column

temperature is maintained at 358. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the order of elution is tylosin C, tylosin B,

tylosin D, and tylosin Awith relative retention times of about

0.5, 0.6, 0.8, and 1.0 minutes, respectively; the resolution of

the peaks representing tylosin D and tylosin A is not less than

2.0; the tailing factors are not more than 1.5; and the relative

standard deviation for replicate injections is not more than

2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms over a period of

time equivalent to 1.5 times the elution time of the main

tylosin A peak, and measure the peak areas for all the peaks.

Calculate the percentages of tylosin A, tylosin B, tylosin C,

and tylosin D in the Tylosin Injection taken by the formula:

100(ri / rS)

in which ri is the area of the tylosin A peak, the tylosin B

peak, the tylosin C peak, or the tylosin D peak, as appropriate,

in the chromatogram obtained from the Test solution; and rS is

the sum of the areas of all the peaks in the chromatogram
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obtained from the Test solution: the content of tylosin A is not

less than 80%; and the sum of the contents of tylosin A,

tylosin B, tylosin C, and tylosin D is not less than 90%.

Sodium perchlorate solution—Prepare a 200 g per L

solution. Adjust with 1N hydrochloric acid to a pH of

2.5+ 0.1, and filter.

Mobile phase—Prepare a mixture of Sodium perchlorate

solution and acetonitrile (3 : 2). Degas, and make adjustments

if necessary (see System Suitability under Chromatography

h621i).

Diluent—Prepare a mixture of methanol and water (1 : 9).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Tylosin RS in Diluent to obtain a solution having

a known concentration of about 0.3 mg per mL.

Test solution—Dilute an accurately measured volume of

Injection with Diluent to obtain a solution having a known

concentration of about 0.25 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 4.6-mm 6 20-cm column that contains 5-mm packing

L1. The flow rate is about 0.7 mL per minute. The column

temperature is maintained at 258. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the order of elution is tylosin C, tylosin B,

tylosin D, and tylosin A, with relative retention times of about

0.5, 0.6, 0.8, and 1.0 minutes, respectively; the resolution, R,

of the peaks for tylosin D and tylosin A is not less than 2.8;

and the tailing factor for the tylosin A peak is not more than

1.5.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms over a period

equivalent to 1.5 times the elution time of the main tylosin A

peak, and measure all the peak areas. Calculate the

percentages of tylosin A, tylosin B, tylosin C, and tylosin

D in the portion of Injection taken by the formula:

100(ri / rs)

in which ri is the area of the tylosin A peak, the tylosin B

peak, the tylosin C peak, or the tylosin D peak, as appropriate,

in the chromatogram obtained from the Test solution; and rs is

the sum of the areas of all the peaks in the chromatogram

obtained from the Test solution: the content of tylosin A is not

less than 75%; and the sum of the contents of tylosin A,

tylosin B, tylosin C, and tylosin D is not less than 85%.

Other requirements—It meets the requirements under

Injections h1i.

Assay—Proceed as directed for Tylosin under Antibiotics—

Microbial Assays h81i. Prepare the Test Dilution as follows.

Transfer an accurately measured volume of Injection,

equivalent to about 250 mg of tylosin, to a 500-mL

volumetric flask, add 50 mL of methanol, and swirl to

dissolve. Dilute with Buffer No. 3 to volume, and mix.

Transfer 4.0 mL of this solution to a second 500-mL

volumetric flask, dilute with a mixture of Buffer No. 3 and

methanol (1 : 1), and mix. This solution contains about 4 mg

of tylosin per mL.&2S (USP32)

DIETARY SUPPLEMENTS—
MONOGRAPHS

BRIEFING

Fish Oil Containing Omega-3 Acids, page 3604 of the First
Supplement. On the basis of comments received, it is proposed to
revise the test for Content of EPA and DHA as follows:
1. In Standard stock solution 2, replace the Internal standard

solution with the Antioxidant solution to allow for easier
identification of the methyl ester peaks in USP Fish Oil RS.

2. In the Chromatographic system, modify the directions for
identifying the methyl ester peaks by specifying the use of the
chromatogram provided with USP Fish Oil RS and the
chromatogram obtained from Standard solution 2.

3. Correct the formula used to determine the peak response of
either EPA or DHA.

(DSN: C. Phinney) RTS—C66262
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Change to read:

Content of EPA and DHA —
Antioxidant solution—Dissolve an accurately weighed amount of

butylated hydroxytoluene in hexanes to obtain a solution having a
concentration of 0.05 mg per mL.
Internal standard solution—Transfer an accurately weighed

quantity of USP Methyl Tricosanoate RS to a volumetric flask.
Dissolve in Antioxidant solution, and dilute with the same solvent to
obtain a solution having a concentration of about 7.0 mg per mL.
[NOTE—Guard the solution against evaporation during usage.]
Standard stock solution 1—Transfer 0.100 g each of USP

Docosahexaenoic Acid Ethyl Ester RS and USP Eicosapentaenoic
Acid Ethyl Ester RS, accurately weighed, to a 10-mL volumetric
flask, and dissolve in and dilute with Internal standard solution to
volume.
Standard stock solution 2—Transfer 0.300 g of USP Fish Oil RS,

accurately weighed, to a 10.0-mL volumetric flask, and dissolve in
and dilute with Internal standard solution

&Antioxidant solution&2S (USP32)
to volume.
Standard solution 1—Transfer 2.0 mL of Standard stock solution

1 to a glass tube, and evaporate the solvent with a gentle stream of
nitrogen. Add 1.5 mL of a 2% (w/v) solution of sodium hydroxide in
methanol, cap tightly with a polytetrafluoroethylene-lined cap, mix,
and heat in a boiling water bath for 7 minutes. Cool, add 2 mL of
boron trichloride–methanol solution (120 g in 1000 mL of
methanol), cover with nitrogen, cap tightly, mix, and heat in a
boiling water bath for 30 minutes. Cool to 408 to 508, add 1 mL of
2,2,4-trimethylpentane, cap, and mix on a vortex mixer or shake
vigorously for at least 30 seconds. Immediately add 5 mL of
saturated sodium chloride solution containing 1 volume of sodium
chloride and 2 volumes of water. [NOTE—Shake from time to time.
Before use, decant the solution from any undissolved substance and
filter if necessary.] Cover with nitrogen, cap, and mix on a vortex
mixer or shake thoroughly for at least 15 seconds. Allow the upper
layer to become clear, and transfer to a separate tube. Shake the
methanol layer once more with 1 mL of 2,2,4-trimethylpentane, and
combine the 2,2,4-trimethylpentane extracts. Wash the combined
extracts with two quantities, each of 1 mL of water, and dry over
anhydrous sodium sulfate.
Standard solution 2—Proceed as directed for Standard solution 1,

except to use Standard stock solution 2.
Test stock solution—Transfer 0.300 g of Fish Oil Containing

Omega-3 Acids, accurately weighed, to a 10-mL volumetric flask,
and dissolve in and dilute with Antioxidant solution to volume.
Test solution 1—Proceed as directed for Standard solution 1,

except to use the Test stock solution.
Test solution 2—Transfer 2.0 mL of the Internal standard solution

into a glass tube. Then proceed as directed for Test solution 1.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and a
0.25-mm 6 25-m fused silica capillary column coated with a 0.2-
mm film of G16. The temperature of the detector is maintained at
2708 and that of the injection port at 2508. The column temperature
is initially set at 1708 for 2 minutes, then increased at a rate of 38 per
minute to 2408, and is maintained at this temperature for 2.5 minutes.
The carrier gas is helium with a split flow ratio of 1 : 200 and a flow
rate of about 1 mL per minute. [NOTE—If splitless injection mode is
used, solutions should be further diluted 1 in 200.] Chromatograph
Standard solution 2, and record the peak responses as directed for
Procedure: the resolution, R, between the peaks in Standard solution
2 due to methyl oleate and methyl cis-vaccinate is not less than 1.3.
The number of fatty acid methyl ester peaks exceeding 0.05% of the
total area in the chromatogram of Standard solution 2 is at least 24,
and the 24 largest peaks of the methyl esters account for more than
90% of the total area. (These correspond, in common elution order,
to: 14 : 0, 15 : 0, 16 : 0, 16 : 1 n-7, 16 : 4 n-1, 18 : 0, 18 : 1 n-9, 18 : 1 n-
7, 18 : 2 n-6, 18 : 3 n-3, 18 : 4 n-3, 20 : 1 n-11, 20 : 1 n-9, 20 : 1 n-7,
20 : 2 n-6, 20 : 4 n-6, 20 : 3 n-3, 20 : 4 n-3, 20 : 5 n-3, 22 : 1 n-11,
22 : 1 n-9, 21 : 5 n-3, 22 : 5 n-3, 22 : 6 n-3).

&Use the typical chromatogram supplied with USP Fish Oil

RS and the chromatogram obtained from Standard solution

2 to identify the 18 fatty acid methyl ester peaks. (These

correspond, in common elution order, to the following: 14 : 0,

16 : 0, 16 : 1 n-7, 16 : 4 n-1, 18 : 0, 18 : 1 n-9, 18 : 1 n-7, 18 : 2

n-6, 18 : 3 n-3, 18 : 4 n-3, 20 : 1 n-9, 20 : 4 n-6, 20 : 4 n-3,

20 : 5 n-3, 22 : 1 n-11, 21 : 5 n-3, 22 : 5 n-3, 22 : 6

n-3.)&2S (USP32)
Chromatograph Standard stock solution 1 and Standard solution 1,
and record the peak responses as directed for Procedure: the
derivatization efficiency for the conversion of fatty acid ethyl ester to
the fatty acid methyl ester is not less than 90.0% for each (DHA and
EPA).
Procedure—Separately inject duplicate equal volumes (about

1 mL) of Standard solution 1, Standard solution 2, Test solution 1,
and Test solution 2 into the chromatograph, record the chromato-
grams, and measure the peak responses. Identify the retention times
of the relevant fatty acid methyl esters by comparison of the
chromatogram of Standard solution 2 with the reference chromat-
ogram supplied with the USP Fish Oil RS. Identify the retention time
for the internal standard peak by comparing the chromatograms for
Test solution 1 and Test solution 2. Calculate the percentage of EPA
or DHA in the Fish Oil Containing Omega-3 Acids taken by the
formula:

100FC /W(RU /RS)

in which F is the factor to express the content of DHA (F = 0.921)
and EPA (F = 0.915) as free fatty acids; C is the concentration, in mg
per mL, of either DHA or EPA in Standard solution 1; W is the
weight, in mg, of the Fish Oil Containing Omega-3 Acids taken to
prepare the Test stock solution; RS is the ratio of peak responses of
either EPA or DHA relative to the internal standard in the
chromatogram of Standard solution 1; and RU is the corrected
peak response of either EPA or DHA relative to the internal standard
in the chromatogram of Test solution 2, calculated as follows:

&

&2S (USP32)

in which rU2 is the peak response of any peak at the locus of the
internal standard in the chromatogram of Test solution 2; rU1 is the
peak response of any peak at the locus of the internal standard in the
chromatogram of Test solution 1; rT1 is the peak response of EPA or
DHA in the chromatogram of Test solution 1; and rT2 is the peak
response of EPA or DHA in the chromatogram of Test solution 2.
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BRIEFING

Hawthorn Leaf with Flower, USP 31 page 963, and Powdered
Hawthorn Leaf with Flower, USP 31 page 965. The Dietary
Supplement Information Expert Committee reclassified this plant as
Class 1, and decided to delete the cautionary requirement in the
Labeling section for the USP monographs for Hawthorn Leaf with
Flower and Powdered Hawthorn Leaf with Flower. This revision is
to implement the decision by deleting the cautionary statement.

(DSI: D. Sarma) RTS—C66821

Change to read:

Labeling—The label states the Latin binomial and, following the
official name, the parts of the plant contained in the article. The label
also states the following cautionary statement: ‘‘Cardiotonic Herb.
Not recommended for use without the advice of a health care
practitioner.’’..1

BRIEFING

Powdered Hawthorn Leaf with Flower, USP 31 page 965—See
briefing under Hawthorn Leaf with Flower.

(DSI: D. Sarma) RTS—C66850

Change to read:

Labeling—The label states the Latin binomial and, following the
official name, the parts of the plant source from which the article was
derived. The label also states the following cautionary statement:
‘‘Cardiotonic Herb. Not recommended for use without the advice of
a health care practitioner.’’..1

BRIEFING

Alpha Lipoic Acid, USP 31 page 968. It is proposed to delete the
tests for the Limit of 6,8-epitrithiooctanoic acid and Limit of polymer
content to remove the requirement for USPAlpha Lipoic Acid RS to
indicate the potency of the 6,8-epithrithiooctanoic acid impurity and
the polymer content. Both limit tests will be replaced by Tests 1 and
2 under a new Chromatographic purity section.

(DSN: C. Phinney) RTS—C63262

Delete the following:

&Limit of 6,8-epitrithiooctanoic acid—Using the chromatograms
of the Standard preparation and the Assay preparation, as obtained
in the Assay, calculate the percentage of 6,8-epitrithiooctanoic acid
in the portion of Alpha Lipoic Acid taken by the formula:

PS (CS /CU)(rU / rS)

in which PS is the labeled percentage of 6,8-epitrithiooctanoic acid in
USPAlpha Lipoic Acid RS; CS and CU are the concentrations, in mg
per mL, of USP Alpha Lipoic Acid RS in the Standard preparation

and the Assay preparation, respectively; and rU and rS are the peak
areas of 6,8-epitrithiooctanoic acid obtained from the Assay
preparation and the Standard preparation, respectively: not more
than 0.1% is found.&2S (USP32)

Delete the following:

&Limit of polymer content—
Adsorbent: 0.25-mm layer of chromatographic silica gel mix-

ture.
Test solution—Dissolve an accurately weighed quantity of Alpha

Lipoic Acid in dimethylformamide to obtain a solution having a
concentration of about 40.0 mg per mL.
Standard solution 1—Dissolve an accurately weighed quantity of

USP Alpha Lipoic Acid RS in dimethylformamide to obtain a
solution having a known concentration of about 40.0 mg per mL.
This solution contains 2.0% of polymer. Store in low-actinic
glassware.
Standard solution 2—Dilute an aliquot of Standard solution

1 with a sufficient amount of dimethylformamide to obtain a solution
having a known concentration of about 20.0 mg per mL. This
solution contains 1.0% of polymer.
Standard solution 3—Dilute an aliquot of Standard solution

2 with a sufficient amount of dimethylformamide to obtain a solution
having a known concentration of about 10.0 mg per mL. This
solution contains 0.5% of polymer.
Application volume: 5 mL of each solution.
Developing solvent system: a mixture of n-propyl alcohol, ethyl

acetate, water, and 25 percent ammonia water (40 : 40 : 10 : 5). Allow
the chamber to become saturated for at least 1 hour.
Iodine vapor saturated chamber—Transfer 4.0 g of iodine

crystals, accurately weighed, to a small watch glass, and place into
the chromatography chamber. Allow the chamber to become
saturated for at least 2 hours.
Procedure—Proceed as directed for Thin-Layer Chromatography

under Chromatography h621i, except to develop the chromatogram
until the solvent front has moved 10 cm. Remove the plate, and
allow to air-dry until the ammonia disappears completely. Heat at
508 for 20 minutes, cool the plate, and place in the Iodine vapor
saturated chamber until the spots are visible. The chromatograms
exhibit a spot due to alpha lipoic acid polymer at an RF value of 0.0
and a spot due to alpha lipoic acid at an RF value between 0.25 and
0.30. The spot due to polymeric alpha lipoic acid in the
chromatogram obtained from the Test solution is not more intense
than the spot in the chromatogram obtained from Standard solution
1: not more than 2% is found.&2S (USP32)

Add the following:

&Chromatographic purity—

TEST 1—

0.005M Phosphate solution, Phosphoric acid solution,

Mobile phase, Diluent, and Chromatographic system—

Proceed as directed in the Assay.

Test solution—Use the Assay preparation.

Procedure—Inject a volume (about 20 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak responses. Calculate the percentage of

each impurity in the portion of Alpha Lipoic Acid taken by

the formula:
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100(ri / rs)

in which ri is the peak response of each impurity obtained in

the Test solution; and rs is the sum of the responses of all

peaks: not more than 0.1% of any impurity is found, and the

sum of all impurities is not more than 2.0%.

TEST 2

Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture.

Test solution—Dissolve an accurately weighed quantity of

Alpha Lipoic Acid in dimethylformamide to obtain a solution

having a concentration of about 40.0 mg per mL.

Standard solution 1—Dissolve an accurately weighed

quantity of USPAlpha Lipoic Acid RS in dimethylformamide

to obtain a solution having a known concentration of about

40.0 mg per mL. Store in low-actinic glassware.

Standard solution 2—Dilute with a sufficient amount of

dimethylformamide an aliquot of Standard solution 1 to

obtain a solution having a known concentration of about 20.0

mg per mL. Store in low-actinic glassware.

Standard solution 3—Dilute with a sufficient amount of

dimethylformamide an aliquot of Standard solution 2 to

obtain a solution having a known concentration of about 10.0

mg per mL. Store in low-actinic glassware.

Application volume: 5 mL of each solution.

Developing solvent system: a mixture of n-propyl alcohol,

ethyl acetate, water, and 25 percent ammonia water

(40 : 40 : 10 : 5). Allow the chamber to become saturated for

at least 1 hour.

Iodine vapor saturated chamber—Transfer 4.0 g of iodine

crystals, accurately weighed, to a small watch glass, and place

into the chromatography chamber. Allow the chamber to

become saturated for at least 2 hours.

Procedure—Proceed as directed for Thin-Layer Chroma-

tography under Chromatography h621i, except to develop the

chromatogram until the solvent front has moved 10 cm.

Remove the plate, and allow to air-dry until the ammonia

disappears completely. Heat at 508 for 20 minutes, cool the

plate, and place in the Iodine vapor saturated chamber until

the spots are visible. No other spot on the plate, excluding the

spots for alpha lipoic acid (RF value between 0.25 and 0.30) is

more intense than the spot at RF = 0 obtained from Standard

solution 1.&2S (USP32)

Change to read:

Assay—
0.005M Phosphate solution—Dissolve 1.36 g of monobasic

potassium phosphate in 2000 mL of water.
Phosphoric acid solution—Transfer 8.3 mL of phosphoric acid to

a 100-mL volumetric flask, and dilute with water to volume.
Mobile phase—Prepare a suitable filtered and degassed mixture of

methanol, 0.005 M Phosphate solution, and acetonitrile
(1160 : 920 : 180). Adjust with Phosphoric acid solution to a pH of
3.0 to 3.1.
Solvent buffer—Prepare a suitable filtered and degassed mixture of

0.005M Phosphate solution and acetonitrile (1 : 1). Adjust with
Phosphoric acid solution to a pH of 3.5 to 3.7.
Standard preparation—Dissolve an accurately weighed quantity

of USP Alpha Lipoic Acid RS in Solvent buffer to obtain a solution
having a known concentration of about 1.0 mg per mL.
Assay preparation—Dissolve an accurately weighed quantity of

Alpha Lipoic Acid in Solvent buffer to obtain a solution having a
concentration of about 1.0 mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 215-nm detector and a
4.6-mm 6 250-mm column that contains packing L1. The flow rate
is about 1.2 mL per minute. The column temperature is maintained at
358. Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the retention times for alpha
lipoic acid and 6,8-epitrithiooctanoic acid are about 6.5 minutes and
13 minutes, respectively;

&

&2S (USP32)
the column efficiency is not less than 15,000 theoretical plates; the
tailing factor for the alpha lipoic acid peak is not more than 2; and
the relative standard deviation for replicate injections is not more
than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the areas for the
major peaks. Calculate the percentage of C8H14O2S2 in the portion of
Alpha Lipoic Acid taken by the formula:

PS (CS /CU)(rU/rS)

in which PS is the percentage of alpha lipoic acid in USP Alpha
Lipoic Acid RS; CS is the concentration, in mg per mL, of USP
Alpha Lipoic Acid RS in the Standard preparation; CU is the
concentration of USP Alpha Lipoic Acid RS in the Assay
preparation; and rU and rS are the peak areas for alpha lipoic acid
obtained from the Assay preparation and the Standard preparation,
respectively.
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category, NF 26
page 1057, page 3612 of the First Supplement, and page 1006 of PF
34(4) [July–Aug. 2008]. It is proposed to add Behenoyl Polyoxylgly-
cerides to the Tablet and/or Capsule Lubricant category; Ethyl Maltol
to the Vehicle (Flavored and/or Sweetened) category; and Silicified
Microcrystalline Cellulose to the Tablet Binder, Tablet Disintegrant,
and Tablet and/or Capsule Diluent categories, to complement the
proposed new monographs for Behenoyl Polyoxylglycerides, Ethyl
Maltol, and Silicified Microcrystalline Cellulose, which appear else-
where in this issue of PF.

(EM1; EM2) RTS—C51145; C63579; C43121

Change to read:

Antimicrobial Preservative
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben
Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol

&Dehydroacetic Acid&2S (NF26)

~

Erythorbic Acid~NF27

Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:

Antioxidant
Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene

&Stannous Chloride&2S (NF26)

~

Erythorbic Acid~NF27

Hypophosphorous Acid
Monothioglycerol
Potassium Metabisulfite
Propyl Gallate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Change to read:

Buffering Agent
Acetic Acid
Adipic Acid
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid, Anhydrous
Citric Acid Monohydrate

&Alpha-Lactalbumin&1S (NF27)

Lactic Acid
Phosphoric Acid
Potassium Citrate
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic
Sodium Acetate
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid

Change to read:

Bulking Agent for Freeze-Drying
Creatinine

&Alpha-Lactalbumin&1S (NF27)

Mannitol
~

Polydextrose~NF26

&Pullulan&2S (NF26)

~

Trehalose~NF27

Change to read:

Coating Agent
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose, Sodium
Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)
Coconut Oil
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&Hydrogenated Coconut Oil&1S (NF27)

Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose
Phthalate)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hyp r ome l l o s e Ph t h a l a t e ( f o rme r l y Hyd roxyp r opy l
Methylcellulose Phthalate)

&Alpha-Lactalbumin&1S (NF27)

Maltodextrin
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
Palm Kernel Oil

&Palm Oil&2S (NF27)

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol

~

Polyvinyl Acetate~NF27

Polyvinyl Acetate Phthalate

&Pullulan&2S (NF26)
~

Fully Hydrogenated Rapeseed Oil~NF26
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Change to read:

Complexing Agent
Edetate Calcium Disodium
Edetate Disodium
Edetic Acid

&Alpha-Lactalbumin&1S (NF27)

Oxyquinoline Sulfate

Change to read:

Desiccant
Calcium Chloride
Calcium Sulfate

~

Polyvinyl Acetate~NF27

Silicon Dioxide

Change to read:

Emulsifying and/or Solubilizing Agent
Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol

&Stannous Chloride&2S (NF26)

Coconut Oil
Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates

&Gamma Cyclodextrin&2S (NF26)

Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate

&Alpha-Lactalbumin&1S (NF27)

Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
~

Oleyl Oleate~NF26

Palm Kernel Oil

&Palm Oil&2S (NF27)

Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)
&Propylene Glycol Monocaprylate&1S (NF26)

Propylene Glycol Monostearate
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid
Trolamine
Wax, Emulsifying
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Change to read:

Glidant and/or Anticaking Agent
Calcium Silicate
Magnesium Silicate

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide, Colloidal
Talc

Change to read:

Humectant
Corn Syrup Solids
Erythritol
Glycerin
Hexylene Glycol

&Inositol&2S (NF26)

Maltitol
~

Polydextrose~NF26

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution
Tagatose

Change to read:

Plasticizer
Acetyltributyl Citrate
Acetyltriethyl Citrate
Castor Oil
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol

&Pullulan&2S (NF26)

Sorbitol Sorbitan Solution
Triacetin
Tributyl Citrate
Triethyl Citrate

Change to read:

Polymer Membrane
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Cellaburate
Cellulose Acetate
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion

&Pullulan&2S (NF26)

Change to read:

Sequestering Agent
Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Gamma Cyclodextrin&2S (NF26)

Hydroxypropyl Betadex

&Pullulan&2S (NF26)

Sodium Tartrate

Change to read:

Stiffening Agent
Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Cetyl Palmitate
Hard Fat

&Alpha-Lactalbumin&1S (NF27)

Paraffin
Synthetic Paraffin
~

Fully Hydrogenated Rapeseed Oil~NF26
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

Change to read:

Suspending and/or Viscosity-Increasing Agent
Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose

Sodium

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)

&Alpha-Lactalbumin&1S (NF27)

Magnesium Aluminum Silicate
Maltodextrin

Pharmacopeial Forum
Vol. 34(5) [Sept.–Oct. 2008] IN-PROCESS REVISION 1213

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Methylcellulose
Pectin
Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate

&Pullulan&2S (NF26)

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
Starch, Potato
Starch, Tapioca
Starch, Wheat
Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent
Acesulfame Potassium
Aspartame
Aspartame Acesulfame

~

Corn Syrup~NF27

Corn Syrup Solids
High Fructose Corn Syrup
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution
Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose

~

Trehalose~NF27

Change to read:

Tablet Binder
Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline

&Silicified Microcrystalline Cellulose&2S (NF27)

&Hydrogenated Coconut Oil&1S (NF27)

Copovidone

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate

&Alpha-Lactalbumin&1S (NF27)

Maltodextrin
Maltose
Methylcellulose

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Oxide

~

Polyvinyl Acetate~NF27

Povidone

&Pullulan&2S (NF26)

Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup

~

Trehalose~NF27

Change to read:

Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline

&Silicified Microcrystalline Cellulose&2S (NF27)

Cellulose, Powdered

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin

&Alpha-Lactalbumin&1S (NF27)

Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
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Mannitol
&Propylene Glycol Monocaprylate&1S (NF26)

&Pullulan&2S (NF26)

Sorbitol
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner’s

~

Trehalose~NF27

Change to read:

Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline

&Silicified Microcrystalline Cellulose&2S (NF27)

Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium

&Pullulan&2S (NF26)

Sodium Starch Glycolate
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

~

Trehalose~NF27

Change to read:

Tablet and/or Capsule Lubricant

&Behenoyl Polyoxylglycerides&2S (NF27)

Calcium Stearate

&Hydrogenated Coconut Oil&1S (NF27)

Glyceryl Behenate
Magnesium Stearate
Mineral Oil, Light

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Sodium Lauryl Sulfate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Starch
Stearic Acid
Stearic Acid, Purified
Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate

Change to read:

Tonicity Agent

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Change to read:

Vehicle

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose

&Ethyl Maltol&2S (NF27)

Peppermint Water
Sorbitol Solution
Syrup

~

Trehalose~NF27
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OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil
&Hydrogenated Polydecene&1S (NF26)

Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER

Corn Syrup Solids

&Alpha-Lactalbumin&1S (NF27)

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)
&Propylene Glycol Monocaprylate&1S (NF26)

Sugar Spheres

STERILE
~

rAlbumin Human~NF27

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Change to read:

Wetting and/or Solubilizing Agent
Benzalkonium Chloride
Benzethonium Chloride
Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Pullulan&2S (NF26)

Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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MONOGRAPHS (NF)

BRIEFING

Behenoyl Polyoxylglycerides. Because there is no existing NF
monograph for this excipient, a new monograph is being proposed,
based on comments and data received.

(EM2: H. Wang; NOM: A. Wilk) RTS—C51145

Add the following:

&Behenoyl Polyoxylglycerides

» Behenoyl Polyoxylglycerides are mixtures of

monoesters, diesters, and triesters of glycerol and

monoesters and diesters of polyethylene glycols.

The polyethylene glycols used have a mean

molecular weight of 400. They are produced by

esterification of glycerol and polyethylene glycols

with behenic acid.

Packaging and storage—Preserve in tight, light-resistant

containers, protected from heat and moisture. Store at a

temperature not higher than 358.

Labeling—Label it to indicate the average nominal molecular

weight of polyethylene glycols used as part of the official

title.

USP Reference standards h11i—USP Behenoyl Polyoxyl-

glycerides RS.

Identification—

A: Infrared Absorption h197Ki.

B: Thin-Layer Chromatographic Identification Test

h201i—

Test solution: 50 mg per mL in methylene chloride.

Standard solution: 50 mg per mL of USP Behenoyl

Polyoxylglycerides RS in methylene chloride.

Application volume: 10 mL.

Developing solvent system: a mixture of ether and

hexanes (7 : 3).

Spray reagent—Prepare 0.1 mg per mL of solution of

rhodamine B in alcohol.

Procedure—Proceed as directed in the chapter. Then spray

the plate with Spray reagent, and locate the spots on the plate

by examination under UV light at a wavelength of 365 nm:

the RF values of the principle spots obtained from the Test

solution correspond to those obtained from the Standard

solution.

C: It meets the requirements of the test for Fatty acid

composition.

Acid value h401i: not more than 4.0, determined on a

2.0-g specimen.

Hydroxyl value h401i: between 30 and 50, determined on

a 1.0-g test specimen, accurately weighed. [NOTE—If the

volume of 0.5N sodium hydroxide VS required for the

titration is less than 2 mL, a more dilute titrant may be used.]

Peroxide value h401i: not more than 6.0, determined on a

2.0-g specimen.

Saponification value h401i: between 120 and 140,

determined on a 2.0-g specimen.

Fatty acid composition h401i—Behenoyl Polyoxylglycer-

ides exhibit the following composition profile of fatty acids,

as determined in the section Fatty Acid Composition under

Fats and Fixed Oils h401i:

Carbon-chain

length

No. of double

bonds

Percentage

(%)

12 0 5 1.0

14 0 5 1.0

16 0 5 3.0

18 0 5 5.0

20 0 5 10.0

22 0 � 83.0

22 1 5 3.0

24 0 5 3.0
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Water, Method I h921i: not more than 0.5%, determined on

a 1.0-g specimen, anhydrous pyridine being used as the

solvent.

Total ash h561i: not more than 0.1%, determined on a

2.0-g specimen.

Heavy metals, Method II h231i: not more than 0.001%.

Alkaline impurities—Weigh 5.0 g of Behenoyl Polyoxylgly-

cerides, heat slightly until the substance melts, add 10 mL of

alcohol and 0.05 mL of bromophenol blue TS, and mix well.

While the solution is still warm, titrate with 0.01 N

hydrochloric acid VS to change the color to yellow: not

more than 1.0 mL of 0.01N hydrochloric acid is required.

Limit of free ethylene oxide and dioxane—Proceed as

directed in the test for Limit of free ethylene oxide and

dioxane under Caprylocaproyl Polyoxylglycerides: not more

than 1 mg of ethylene oxide per g is found; and not more than

10 mg of dioxane per g is found.

Limit of free glycerol—Proceed as directed in the test for

Limit of free glycerol under Caprylocaproyl Polyoxylglycer-

ides: not more than 3.0% is found.&2S (NF27)

BRIEFING

Silicified Microcrystalline Cellulose. Because there is no
existing NF monograph for this excipient, a new monograph,
based on data and comments received, is being proposed.

(EM2: H. Wang; NOM: A. Wilk; MSA: R. Tirumalai) RTS—
C43121

Add the following:

&Silicified Microcrystalline Cellulose

» Silicified Microcrystalline Cellulose is comprised

of intimately associated microcrystalline cellulose

and colloidal silicon dioxide particles, derived from

aqueous coprocessing prior to drying the material

during manufacture. The microcrystalline cellulose

component is purified, partially depolymerized

cellulose prepared by treating alpha cellulose,

obtained as a pulp from fibrous plant material,

with mineral acids. The colloidal silicon dioxide is

a submicroscopic fumed silica prepared by the

vapor-phase hydrolysis of a silicon compound. The

Residue on ignition result indicates the percentage

of colloidal silicon dioxide; the remainder is

microcrystalline cellulose.

Packaging and storage—Preserve in tight containers. No

storage requirements specified.

Labeling—Label it to indicate the nominal Loss on drying,

Bulk density, and Degree of polymerization values. Where the

particle size distribution is stated in the labeling, proceed as

directed under Particle size distribution. The labeling

indicates the technique with which the particle size

distribution was determined, if a technique other than

analytical sieving was used. The labeling also indicates the

d10, d50, and d90 values and the range for each.

USP Reference standards h11i—USP Silicified Microcrys-

talline Cellulose RS.

Identification—

A: Infrared Absorption h197Ki.

B: Prepare iodinated zinc chloride solution by dissolving

20 g of zinc chloride and 6.5 g of potassium iodide in 10.5 mL

of water. Add 0.5 g of iodine, and shake for 15 minutes. Place

about 10 mg of Silicified Microcrystalline Cellulose on a

watch glass, and disperse in 2 mL of iodinated zinc chloride

solution: the substance takes on a violet-blue color.

C: Transfer about 5 mg of residue from Residue on

ignition to a platinum crucible, and mix with about 200 mg of

anhydrous potassium carbonate. Ignite at a red heat over a

burner for about 10 minutes, and cool. Dissolve the melt in
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2 mL of freshly distilled water, warming if necessary, and

slowly add 2 mL of ammonium molybdate TS to the solution:

a deep yellow color is produced.

D: Silica dispersion uniformity test—

Conditioned test substance—Pass Silicified Microcrystal-

line Cellulose through an 850-mm sieve, disperse it into a

suitable scale blender1, and tumble/mix the test substance for

a minimum of 20 minutes to condition the material in

preparation.

Procedure—Assemble a sieve stack comprised of the

following nested sieves: 60-, 80-, 120-, 200-, 325- and 400-

US mesh, plus pan. Tare each sieve to the nearest 0.1 g.

Accurately weigh 200.0 g of the Conditioned test substance,

and transfer to the top sieve. Agitate the sieve stack on a

suitable sieve shaker for 20 minutes. Separate and record the

weight of each sieve, including the Conditioned test

substance fraction. Determine the Conditioned test substance

fraction mass by difference. Analyze a test substance from

each sieve fraction following Residue on ignition h281i.

Obtain the Residue on ignition (ROI) value in percentage, Pi,

for each sieve fraction, excluding any fraction weighing less

than 0.5 g. Calculate the average percentage of ROI value, PA,

for Pi (i = 1–6). Calculate the variance for the sieve fraction,

excluding the pan and any fraction weighing less than 0.5 g,

by the formula:

The variance should not exceed 0.02.

Microbial limits h61i—The total aerobic microbial count

does not exceed 1000 cfu per g, and the total combined molds

and yeasts count does not exceed 100 cfu per g.

Conductivity—Shake about 5 g with 40 mL of water for 20

minutes, and centrifuge. Retain the supernatant for use in the

pH test. Using an appropriate conductivity meter that has

been standardized with a potassium chloride conductivity

calibration standard having a conductivity of 100 mS per cm,

measure the conductivity of the supernatant after a stable

reading is obtained, and measure the conductivity of the water

used to prepare the test specimen. The conductivity of the

supernatant does not exceed the conductivity of the water by

more than 75 mS per cm.

pH h791i: between 5.0 and 7.5 in the supernatant obtained

in the Conductivity test.

Loss on drying h731i—Dry it at 1058 for 3 hours: it loses not

more than 7.0% of its weight, within a percentage range, as

specified in the labeling.

Residue on ignition h281i: between 1.8% and 2.2%.

Bulk density—Use a volumeter that has been fitted with a

10-mesh screen. The volumeter is freestanding of the brass or

stainless steel cup, which is calibrated to a capacity of

25.0+ 0.05 mL, and has an inside diameter of 30.0+ 2.0

mm. Weigh the empty cup, position it under the chute, and

slowly pour the powder from a height of 5.1 cm (2 inches)

above the funnel through the volumeter, at a rate suitable to

prevent clogging, until the cup overflows. [NOTE—If exces-

sive clogging of the screen occurs, remove the screen.] Level

the excess powder, and weigh the filled cup. Calculate the

Bulk density by dividing the weight of the powder in the cup

by the volume of the cup: the Bulk density is within the

labeled specification.

Degree of polymerization—Transfer 1.3 g of Silicified

Microcrystalline Cellulose, accurately weighed to 0.1 mg,

to a 125-mL conical flask. Add 25.0 mL of water and 25.0

mL of 1.0M cupriethylenediamine hydroxide solution.

Immediately purge the solution with nitrogen, insert the

stopper, and shake on a wrist action shaker or other suitable

mechanical shaker until completely dissolved. Transfer an

appropriate volume of the solution to a calibrated number 150

Cannon-Fenske, or equivalent, viscometer. Allow the solution1 Planetary mixer, Turbula T2F mixer, or V-blender.
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to equilibrate at 25+ 0.18 for not less than 5 minutes. Time

the flow between the two marks on the viscometer, and record

the flow time, t1, in seconds. Calculate the kinematic

viscosity, v1, of the Silicified Microcrystalline Cellulose

taken by the formula:

t1(k1)

in which k1 is the viscometer constant (see Viscosity h911i).

Obtain the flow time, t2, for a 0.5M cupriethylenediamine

hydroxide solution using a number 100 Cannon-Fenske, or

equivalent, viscometer. Calculate the kinematic viscosity, v2,

of the solvent by the formula:

t2(k2)

in which k2 is the viscometer constant. Determine the relative

viscosity, Zrel, of the Silicified Microcrystalline Cellulose

specimen taken by the formula:

v1 / v2

Determine the intrinsic viscosity, [Z]c, by interpolation, using

the Intrinsic Viscosity Table in the Reference Tables section.

Calculate the degree of polymerization, P, by the formula:

(95)[Z]c / {WS [(100 – ROI)/100][(l00 – LOD)/100]}

in which WS is the weight, in g, of the Silicified

Microcrystalline Cellulose taken. The ROI is the value, in

percentage, obtained from the test for Residue on ignition,

and LOD is the value, in percentage, obtained from the test

for Loss on drying. The degree of polymerization is not

greater than 350.

Particle size distribution—Where the labeling states the

particle size distribution, determine the particle size distribu-

tion as directed in a suitable validated procedure.

Water-soluble substances—Shake 5.0 g with about 80 mL

of water for 10 minutes, filter with the aid of vacuum through

filter paper (Whatman No. 42 or equivalent) into a vacuum

flask. Transfer the filtrate to a tared beaker, evaporate to

dryness without charring, dry at 1058 for 1 hour, cool in a

desiccator, and weigh: the difference between the weight of

the residue and the weight obtained from a blank determi-

nation does not exceed 12.5 mg (0.25%).

Ether-soluble substances—Place 10.0 g in a chromatograph-

ic column having an internal diameter of about 20 mm, and

pass 50 mL of peroxide-free ether through the column.

Evaporate the eluate to dryness in a previously dried and tared

evaporating dish with the aid of a current of air in a fume

hood. After all of the ether has evaporated, dry the residue at

1058 for 30 minutes, cool in a desiccator, and weigh: the

difference between the weight of the residue and the weight

obtained from a blank determination does not exceed 5.0 mg

(0.05%).

Heavy metals, Method II h231i: not more than

0.001%.&2S (NF27)

BRIEFING

Corn Oil, NF 26 page 1115. On the basis of comments received,
and to align with the corresponding Refined Maize Oil monograph in
the European Pharmacopoeia, 6th Edition, and also to align with the
Corn Oil (Unhydrogenated) monograph in the Food Chemicals
Codex, 6th Edition, it is proposed to make the following revisions:
1. Add a CAS number.
2. Add a Labeling section to indicate any specific grade, such as

parenteral application.
3. Add an Identification test, using the test for Fatty acid

composition, which is being updated.
4. Delete the test for Specific gravity, and move this test to the

Description and Solubility section for this excipient.
5. Delete the test for Cottonseed oil.
6. Replace the test for Free fatty acids with a test for Acid value.

The specification in the test for Acid value is equivalent to the
previous specification in the test for Free fatty acids.

7. Add a test for Peroxide value.
8. With the updating of the Fatty acid composition test, Iodine

value and Saponification value are deleted.
9. Add a test for Water.
10. Add a test for Alkaline impurities.
11. Add a test for Sterol composition.
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12. For Corn Oil intended for use in injectable dosage forms, more
stringent requirements specified in the general chapter Injec-
tions h1i must be met.

Additional changes are editorial.

(EM2: H. Wang) RTS—C64882

Add the following:
&[8001-30-7].&2S (NF27)

Add the following:

&Labeling—Where Corn Oil is intended for use in the

manufacture of injectable dosage forms, it is so labeled.
&2S (NF27)

Add the following:

&Identification—It meets the requirements of the test for

Fatty acid composition.&2S (NF27)

Delete the following:

&Specific gravity h841i: between 0.914 and 0.921.&2S (NF27)

Change to read:

Heavy metals, Method II h231i:

&not more than&2S (NF27)
0.001%.

Delete the following:

&Cottonseed oil—Mix 5 mL in a test tube with 5 mL of a mixture of
equal volumes of amyl alcohol and a 1 in 100 solution of sulfur in
carbon disulfide. Warm the mixture gently until the carbon disulfide
is expelled, then immerse the tube to one-third of its depth in a
boiling, saturated solution of sodium chloride: no reddish color
develops within 15 minutes.&2S (NF27)

Change to read:

Fatty acid composition—Place about 1 g of Corn Oil in a small
conical flask fitted with a reflux attachment. Add 10 mL of methanol
and 0.5 mL of 1N methanolic potassium hydroxide solution
prepared by dissolving 34 g of potassium hydroxide in sufficient
methanol to produce 500 mL, allow it to settle for 24 hours, and
decant the clear solution. Reflux the mixture for 10 minutes, cool,
transfer to a separator with the aid of 15 mL of n-heptane, shake with
10 mL of saturated sodium chloride solution, and allow to separate.
Transfer the lower layer to another separator, and shake it with 10
mL of n-heptane. Wash the combined organic layers with 10 mL of
water, dry over anhydrous sodium sulfate, and filter. Introduce a
suitable portion of the filtrate into a gas chromatograph equipped
with a flame-ionization detector and a 4-mm 6 1.8-m column,
preferably glass, packed with 10% liquid phase G4 on support S1A,
maintained at a temperature of 1758. The carrier gas is nitrogen.
Measure the five main peak areas of the methyl esters of the fatty
acids. The order of elution is palmitate, stearate, oleate, linoleate, and
linolenate, and their relative areas, expressed as percentages of the
total area of the 5 main peaks, are in the ranges 8 to 19, 1 to 4, 19 to
50, 34 to 62, and 1 to 2, respectively.

&Corn Oil exhibits the following composition profile of fatty

acids, as determined in the section Fatty Acid Composition

under Fats and Fixed Oils h401i:

Carbon-Chain

Length

Number of

Double Bonds Percentage (%)

514 0 50.1

14 0 50.1

16 0 8.6–16.5

16 1 50.5

18 0 1.0–3.3

18 1 20.0–42.2

18 2 39.4–62.0

18 3 0.5–1.5

20 0 50.8

20 1 50.5

22 0 50.3

22 1 50.1

24 0 50.4

&2S (NF27)

Delete the following:

&Free fatty acids h401i—The free fatty acids in 10.0 g require for
neutralization not more than 2.0 mL of 0.020N sodium hydrox-
ide.&2S (NF27)

Add the following:

&Acid value h401i: not more than 0.2.&2S (NF27)

Add the following:

&Peroxide value h401i: not more than 10.0.&2S (NF27)

Delete the following:

&Iodine value h401i: between 102 and 130.&2S (NF27)

Delete the following:

&Saponification value h401i: between 187 and 193.&2S (NF27)

Add the following:

&Water, Method I h921i: not more than 0.1%. Use a

mixture of equal volumes of decanol and anhydrous methanol

as the solvent.&2S (NF27)
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Add the following:

&Alkaline impurities—Mix 10 mL of acetone and 0.3 mL of

water, and add 0.05 mL of bromophenol blue TS. Neutralize

the solution to a green color if necessary with 0.01N

hydrochloric acid or 0.01N sodium hydroxide. Add 10 mL of

Corn Oil, shake, and allow to stand. Titrate with 0.01N

hydrochloric acid VS to change the color of the upper layer to

yellow: not more than 0.1 mL of 0.01N hydrochloric acid is

required.&2S (NF27)

Add the following:

&Sterol composition—Proceed as directed in the section

Sterol Composition under Fats and Fixed Oils h401i: the

sterol fraction of the oil contains not more than 0.3% of

brassicasterol.&2S (NF27)

Add the following:

&Other requirements—For Corn Oil intended for use in

injectable dosage forms, which is specified in the Labeling,

the requirements for Acid Value, Peroxide Value, Unsaponifi-

able Matter, andWater in the subsection Other Vehicles in the

section Ingredients under Injections h1i must be met.&2S (NF27)

BRIEFING

Cottonseed Oil, NF 26 page 1118. On the basis of comments and
data received, to align with Cottonseed Oil (Unhydrogenated) in the
Food Chemical Codex, 6th Edition, it is proposed to make the
following revisions:
1. Add the CAS number.
2. In the Definition, add the statement ‘‘It may contain suitable

antioxidants’’.
3. Correspondingly add a Labeling section to specify that any

antioxidants added must be stated on the label and that any
specific grade for parenteral application must also be stated.

4. Update the Identification table for the fatty acid profile.
5. Delete the test for Specific gravity, and move the test into the

USP section Description and Solubility in ‘‘Cottonseed Oil’’.
6. Replace the test for Free fatty acids with the test for Acid value.

The specification for Acid value is equivalent to the
specification for Free fatty acids.

7. Add a test for Peroxide value.
8. Add a test for Unsaponifiable matter.
9. Delete the test for Iodine value.
10. Add a test for Water.
11. Add a test for Alkaline impurities.

12. Add an Other requirements section stating that, for Cottonseed
Oil intended for use in injectable dosage forms, the more
stringent requirements specified in the general chapter Injec-
tions h1i must be met.

Some additional changes are editorial.

(EM2: H. Wang) RTS—C46395

Add the following:
[8001-29-4].

Change to read:

» Cottonseed Oil is the refined fixed oil obtained from
the seed of cultivated plants of various varieties of
Gossypium hirsutum Linné or of other species of
Gossypium (Fam. Malvaceae).

&It may contain suitable antioxidants.&2S (NF27)

Add the following:

&Labeling—Label it to indicate the name and quantity of any

added antioxidants. Where Cottonseed Oil is intended for use

in the manufacture of injectable dosage forms, it is so

labeled.&2S (NF27)

Change to read:

Identification—Cottonseed Oil exhibits the following composition
profile of fatty acids, as determined in the section Fatty Acid
Composition under Fats and Fixed Oils h401i:

Carbon-chain
length

No. of double
bonds Percentage (%)

14 0 0.5 to 2.0
16 0 17 to 29
18 0 1.0 to 4.0
20 0 50.5
22 0 50.5
24 0 50.5
18 1 13 to 44
18 2 40 to 63
18 3 0.1 to 2.1
22 1 50.5

&

Carbon Chain

Length

Number of

Double Bonds Percentage (%)

514 0 or 1 50.2

14 0 0.6–1.0

16 0 21.4–26.4

16 1 51.2

18 0 2.1–3.3

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
1222 IN-PROCESS REVISION Vol. 34(5) [Sept.–Oct. 2008]



Carbon Chain

Length

Number of

Double Bonds Percentage (%)

18 1 14.7–21.7

18 2 46.7–58.3

18 3 50.4

20 0 0.2–0.5

22 0 50.6

22 1 50.3

24 0 50.1

24 1 50.5

&2S (NF27)

Delete the following:

&Specific gravity h841i: between 0.915 and 0.921.&2S (NF27)

Delete the following:

&Free fatty acids h401i—The free fatty acids in 10.0 g require for
neutralization not more than 2.0 mL of 0.020N sodium hydrox-
ide.&2S (NF27)

Add the following:

&Acid value h401i: not more than 0.2.&2S (NF27)

Add the following:

&Peroxide value h401i: not more than 10.0.&2S (NF27)

Add the following:

&Unsaponifiable matter h401i: not more than

1.5%.&2S (NF27)

Delete the following:

&Iodine value h401i: between 109 and 120.&2S (NF27)

Add the following:

&Water, Method I h921i: not more than 0.1%. Use 50 mL

of chloroform as the solvent.&2S (NF27)

Change to read:

Heavy metals, Method II h231i:

&not more than&2S (NF27)
0.001%.

Add the following:

&Alkaline impurities—Mix 10 mL of acetone and 0.3 mL of

water, and add 0.05 mL of bromophenol blue TS. Neutralize

the solution to a green color, if necessary, with 0.01N

hydrochloric acid or 0.01N sodium hydroxide. Add 10 mL of

Cottonseed Oil, shake, and allow to stand. Titrate with 0.01N

hydrochloric acid VS to change the color of the upper layer to

yellow: not more than 0.1 mL of 0.01N hydrochloric acid is

required.&2S (NF27)

Add the following:

&Other requirements—For Cottonseed Oil intended for use

in injectable dosage forms, the requirements in the subsection

Other Vehicles of the section Ingredients under Injections

h1i must be met.&2S (NF27)

BRIEFING

Ethyl Acetate, NF 26 page 1131; Methyl Alcohol, NF 26 page
1174 and page 139 of PF 34(1) [Jan.–Feb. 2008]; Hydrogenated
Polydecene, page 3614 of the First Supplement. A revision is
proposed to modify the general chapter Readily Carbonizable
Substances Test h271i to replace the use of sulfuric acid TS with
sulfuric acid ACS reagent grade (see Limit Tests under General
Chapters, Chemical Tests and Assays on page 1258 of PF 33(6)
[Nov.–Dec. 2007]). To be consistent with the general chapter, it is
proposed to revise each affected monograph to reflect this change.

(EM1: R. Lafaver; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Pour 2 mL carefully
upon 10 mL of sulfuric acid TS

&

&2S (NF26)
so as to form separate layers: no dark zone is developed within 15
minutes.

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(5) [Sept.–Oct. 2008] IN-PROCESS REVISION 1223



BRIEFING

Ethyl Maltol. Because there is no existing NF monograph for this
excipient, a new monograph, based on the monograph appearing in
the Food Chemicals Codex, 5th ed., page 159, is proposed.
Interested parties are encouraged to comment on the proposal.

(EM1: R. Lafaver) RTS—C63579

Add the following:

&Ethyl Maltol

C7H8O3 140.14

2-Ethyl-3-hydroxy-4-pyrone.

2-Ethyl-3-hydroxy-4H-pyran-4-one.

2-Ethyl pyromeconic acid [4940–11-8].

» Ethyl Maltol contains not less than 99.0 percent

of C7H8O3, calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed containers.

No storage requirements are specified.

USP Reference standards h11i—USP Ethyl Maltol RS.

Identification—Infrared Absorption h197Si, 1 : 50 solution

in chloroform.

Residue on ignition h281i: not more than 0.2%, at 8008 for

15 minutes.

Water, Method I h921i: not more than 0.5%.

Assay—

Standard solution—Dissolve about 50 mg of USP Ethyl

Maltol RS, accurately weighed, in sufficient 0.1N hydro-

chloric acid to make 250.0 mL, and mix. Transfer 5.0 mL of

this solution into a 100-mL volumetric flask, dilute with 0.1 N

hydrochloric acid to volume, and mix.

Assay solution—Dissolve about 50 mg of Ethyl Maltol,

accurately weighed, in sufficient 0.1 N hydrochloric acid to

make 250.0 mL, and mix. Transfer 5.0 mL of this solution to

a 100-mL volumetric flask, dilute with 0.1N hydrochloric

acid to volume, and mix.

Procedure—Using a suitable spectrophotometer and 0.1N

hydrochloric acid as the blank, determine the absorbance of

each solution in a 1-cm cell at the wavelength of maximum

absorption (about 276 nm). Calculate the quantity, in mg, of

C7H8O3 in the sample taken by the formula:

5C (AU /AS)

in which C is the concentration, in mg per mL, of USP Ethyl

Maltol RS in the Standard solution; AU is the absorbance of

the Assay solution; and AS is the absorbance of the Standard

solution.&2S (NF27)

BRIEFING

Lauroyl Polyoxylglycerides, NF 26 page 1161. On the basis of
comments and data received, and to align with the corresponding
Lauroyl Macrogolglycerides monograph in the European Pharma-
copoeia, Sixth Edition, the following revisions are proposed.
1. Update the Definition and Labeling sections.
2. Delete the reference in Identification test B, and add a detailed

procedure.
3. Add Identification test C for fatty acid composition.
4. In the Fatty acid composition section, add a table summarizing

the percentages of fatty acids.
5. In the test for Hydroxyl value, provide a table of specifications

for Lauroyl Polyoxylglycerides formulated with different types
of polyethylene glycols.

6. Similarly, in the test for Saponification value, provide a table of
specifications for Lauroyl Polyoxylglycerides formulated with
different types of polyethylene glycols.

7. In the test for Water, specify the solvent system.
8. Update the test for Total ash by eliminating the sample amount

and following the procedure in the general chapter Articles of
Botanical Origin h561i.
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9. Add a test for Alkaline impurities.
Additional changes are editorial.

(EM2: H. Wang) RTS—C61017

Lauroyl Polyoxylglycerides

(Title for this new monograph—to become official January 1,
2011)
(Prior to January 1, 2011, the current practice of labeling the
article of commerce with the name Lauroyl Macrogolglycerides
may be continued.)

Change to read:

» Lauroyl Polyoxylglycerides are mixtures of monoes-
ters, diesters, and triesters of glycerol and monoesters
and diesters of polyethylene glycols with a mean
relative molecular weight between 300 and 1500.

&Lauroyl Polyoxylglycerides are mixtures of mono-

esters, diesters, and triesters of glycerol and

monoesters and diesters of polyethylene glycols.

The polyethylene glycols used have a mean

molecular weight between 300 and 1500.&2S (NF27)

They are produced by partial alcoholysis of saturated
oils, mainly containing triglycerides of lauric acid with
polyethylene glycols, by esterification of glycerol and
polyethylene glycols with fatty acids, or as a mixture of
glycerol esters and ethylene oxide condensate with the
fatty acids of the hydrogenated oils. The average
molecular weight is not less than 90.0 percent and not
more than 110.0 percent of the labeled nominal value.

&They may contain free polyethylene gly-

cols.&2S (NF27)

Change to read:

Labeling—Label it to indicate the average nominal molecular
weight of esters as part of the official title. The label also indicates
the nominal saponification value.

&Label it to indicate the type and the average nominal

molecular weight of polyethylene glycols used as part of the

official title.&2S (NF27)

Change to read:

Identification—
A: Infrared Absorption h197Ki.
B: It meets the requirements for Identification test B under

Caprylocaproyl Polyoxylglycerides.

&Thin-Layer Chromatographic Identification Test h201i—

Test solution: 50 mg per mL, in methylene chloride.
Standard solution: 50 mg of USP Lauroyl Polyoxylgly-

cerides RS per mL, in methylene chloride.

Application volume: 10 mL.

Developing solvent system: a mixture of ether and

hexanes (7 : 3).

Spray reagent—Prepare a 0.1 mg per mL solution of

rhodamine B in alcohol.

Procedure—Proceed as directed in the chapter. Then spray

the plate with Spray reagent, and locate the spots on the plate

by examination under UV light at a wavelength of 365 nm:

the RF values of the principal spots obtained from the Test

solution correspond to those obtained from the Standard

solution.

C: It meets the requirements of the test for Fatty acid

composition.&2S (NF27)

Change to read:

Hydroxyl value h401i: between 36 and 85, determined on a 1.0-g
specimen, accurately weighed.

&within the range specified in Table 1 for the labeled type

when determined on a 1.0-g specimen, accurately weighed.

Table 1

Type of

Polyethylene

Glycols

Hydroxyl

Value

300 65–85

400 60–80

600 50–70

1500 36–56

&2S (NF27)

Change to read:

Saponification value h401i: between 79 and 204, determined on a
2.0-g specimen.

&within the range specified in Table 2 for the labeled type

when determined on a 2.0-g specimen.
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Table 2

Type of

Polyethylene

Glycols

Saponification

Value

300 190–204

400 170–190

600 150–170

1500 79–93

&2S (NF27)

Change to read:

Fatty acid composition h401i: not more than 15.0% of caprylic
acid is found; not more than 12.0% of capric acid is found; between
30% and 50% of lauric acid is found; between 5% and 25% of
myristic acid is found; between 4% and 25% of palmitic acid is
found; and between 5% and 35% of stearic acid is found.

&Lauroyl Polyoxylglycerides exhibits the following compo-

sition profile of fatty acids, as determined in the section Fatty

Acid Composition under Fats and Fixed Oils h401i (see Table

3).

Table 3

Carbon-Chain

Length

Number of

Double Bonds

Percentage

(%)

8 0 515.0

10 0 512.0

12 0 30.0–50.0

14 0 5.0–25.0

16 0 4.0–25.0

18 0 5.0–35.0

&2S (NF27)

Change to read:

Water, Method I h921i: not more than 1.0%, determined on a 1.0-
g specimen.

&Use as the solvent anhydrous pyridine or a mixture of

methylene chloride and anhydrous methanol (7 : 3).&2S (NF27)

Change to read:

Total ash h561i: not more than 0.1%, determined on a 1.0-g
specimen.

&not more than 0.1%.&2S (NF27)

Change to read:

Heavy metals, Method II h231i:
&not more than&2S (NF27)
0.001%.

Add the following:

&Alkaline impurities—Weigh 5.0 g of Lauroyl Polyoxylgly-

cerides, heat slightly until the test substance melts, add 10 mL

of alcohol and 0.05 mL of bromophenol blue TS, and mix

well. While the solution is still warm, titrate with 0.01N

hydrochloric acid VS to change the color to yellow: not more

than 1.0 mL of 0.01N hydrochloric acid is required.&2S (NF27)

BRIEFING

Methyl Alcohol, NF 26 page 1174 and page 139 of PF 34(1)
[Jan.–Feb. 2008]—See briefing under Ethyl Acetate.

(EM1: R. Lafaver; M. Puderbaugh) RTS—C65000

Add the following:

~USP Reference standards h11i—USP Acetone RS. USP

Methyl Alcohol RS.~NF27

Change to read:

Identification—The IR absorption spectrum of a thin film of it
between potassium bromide plates or zinc selenide cells exhibits a
broad, strong band at 2.7 mm to 3.2 mm, a strong maximum at about
3.4 mm, a medium strong maximum at about 3.5 mm, a weak region
of absorption between 6.6 mm and 7.6 mm, and a very strong
maximum at about 9.7 mm.

~A: Infrared Absorption h197Fi.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.~NF27

Change to read:

Readily carbonizable substances h271i—Cool 5 mL of sulfuric
acid TS

&

&2S (NF27)
, contained in a small conical flask, to 108, and add 5 mL of Methyl
Alcohol dropwise with constant mixing, maintaining the temperature
below 208 throughout the test: no discoloration develops.
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Change to read:

Assay—Under typical conditions, the instrument is equipped with a
flame-ionization detector and a 3-mm 6 2-m stainless steel column
packed with 50- to 80-mesh S4. The temperatures of the column, the
injection port, and the detector are maintained at 1408, 2208, and
2508, respectively; and dry nitrogen is used as the carrier gas, at a
flow rate of 20 mL per minute. Inject about 1 mL of Methyl Alcohol,
and determine the peak responses by a convenient means. The
retention time of methyl alcohol is about 2.5 minutes and that of
acetone is about 7 minutes. Calculate the percentage of CH4O in the
Methyl Alcohol by dividing the response due to the methyl alcohol
by the sum of the responses for all the peaks, and multiplying by
100.

~System suitability solution—Dilute 1.0 mL of USP Methyl

Alcohol RS and 1.0 mL of USP Acetone RS with

tetrahydrofuran to 50 mL.

Internal standard solution—Prepare a 2% (v/v) acetonitrile

solution in tetrahydrofuran.

Standard preparation—Dilute 1.0 mL of USP Methyl

Alcohol RS, accurately measured, with Internal standard

solution to 50.0 mL.

Assay preparation—Dilute 1.0 mL of Methyl Alcohol,

accurately measured, with Internal standard solution to 50.0

mL.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector, maintained at about 2808, and a 0.32-mm 6 30-m

fused-silica capillary column coated with a 1.8-mm layer of

phase G43. The carrier gas is helium with a linear velocity of

about 35 cm per second and a split ratio of 1 : 20. The column

temperature is set at 408, maintained at 408 for 5 minutes, and

then increased to 2408 over a period of 10 minutes. The

injection port temperature is maintained at 2008. Chromato-

graph the System suitability solution and the Standard

preparation, and record the peak responses as directed for

Procedure: the relative retention times are 1.0 for methyl

alcohol, about 1.6 for acetone, and about 1.8 for acetonitrile;

the resolution, R, between the methyl alcohol and acetone

peaks in the System suitability solution is not less than 15; the

tailing factor for methyl alcohol from the System suitability

solution is not more than 1.5; and the relative standard

deviation for replicate injections for the ratio of the peak area

response of methyl alcohol to acetonitrile in the Standard

preparation is not more than 2.0%.

Procedure—Separately inject equal volumes (about 1 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak responses. Calculate the quantity, in mg, of methyl

alcohol in the portion of Methyl Alcohol taken by the

formula:

50C(RU /RS)

in which C is the concentration, in mg per mL, of USP

Methyl Alcohol RS in the Standard preparation; and RU and

RS are the peak area response ratios obtained from the Assay

preparation and the Standard preparation, respectively.~NF27

BRIEFING

Hydrogenated Polydecene, NF 26 page 3614 of the First
Supplement—See briefing under Ethyl Acetate.

(EM2: H. Wang; M. Puderbaugh) RTS—C65000

Change to read:

Readily carbonizable substances h271i—Transfer 5 mL of
Hydrogenated Polydecene to a glass-stoppered test tube previously
treated to remove organic matter (see Cleaning Glass Apparatus
h1051i), add 5 mL of sulfuric acid TS

&

&2S (NF27)
, and heat in a boiling water bath for 30 seconds. Quickly remove the
test tube, and, while holding the stopper in place, shake three times
in a vertically reciprocating cycle with an amplitude of about 13 cm.
Repeat this procedure every 30 seconds for 10 minutes. Do not keep
the test tube out of the water bath any longer than 3 seconds for each
shaking cycle. Remove the test tube from the water bath, and let it
cool for about 20 minutes to room temperature: the oil phase may
turn hazy, but remains colorless; the interface between the two layers
is free from solids; and the acid layer does not become darker than
the standard color produced by mixing in a similar test tube 3 mL of
ferric chloride CS, 1.5 mL of cobaltous chloride CS, and 0.5 mL of
cupric sulfate CS, this mixture being overlaid with 5 mL of
Hydrogenated Polydecene (see Readily Carbonizable Substances
Test h271i).
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BRIEFING

Stearoyl Polyoxylglycerides, NF 26 page 1244. On the basis of
comments and data received, the following revisions are proposed:

1. Update the Definition and Labeling sections.
2. Delete the reference in Identification test B, and add a detailed

procedure.
3. Add an Identification test for Fatty acid composition.

Summarize the percentages of fatty acids in a table.
4. In the determination for Water, specify the solvent system.
5. Update the test for Total ash by eliminating the sample amount,

and following the procedure in the general chapter Articles of
Botanical Origin h561i.

6. Add a test for Alkaline impurities.
Additional changes are editorial.

(EM2: H. Wang) RTS—C61020

Stearoyl Polyoxylglycerides

(Title for this new monograph—to become official April 1, 2010)
(Prior to April 1, 2010, it is expected that the current practice of
labeling the article of commerce with the name Stearoyl
Macrogolglycerides will be continued.)

Change to read:

» Stearoyl Polyoxylglycerides are mixtures of monoes-
ters, diesters, and triesters of glycerol and monoesters
and diesters of polyethylene glycols with a nominal
mean relative molecular weight between 300 and 4000.

&Stearoyl Polyoxylglycerides are mixtures of

monoesters, diesters, and triesters of glycerol and

monoesters and diesters of polyethylene glycols.

The polyethylene glycols used have a mean

molecular weight between 300 and 4000.&2S (NF27)

They are produced by partial alcoholysis of saturated
oils, mainly containing triglycerides of stearic acid, with
polyethylene glycol, by esterification of glycerol and
polyethylene glycol with fatty acids, or as a mixture of
glycerol esters and ethylene oxide condensate with the
fatty acids of the hydrogenated oils. The Hydroxyl
Value does not differ by more than 15 units from the
nominal value, and the Saponification Value does not
differ by more than 10 units from the nominal value.
The average molecular weight is not less than 90.0
percent and not more than 110.0 percent of the labeled
nominal value.

&The Hydroxyl Value is not less than 85 percent

and not more than 115 percent of the labeled

nominal value, and the Saponification Value is not

less than 90 percent and not more than 110 percent

of the labeled nominal value. Stearoyl Polyoxyl-

glycerides may contain free polyethylene gly-

cols.&2S (NF27)

Change to read:

Labeling—Label it to indicate the average nominal molecular
weight of esters as part of the official title.

&Label it to indicate the type and the average nominal

molecular weight of polyethylene glycols used as part of the

official title.&2S (NF27)
The label also indicates the Hydroxyl Value and the Saponification
Value.

Change to read:

Identification—
A: Infrared Absorption h197Ki.
B: It meets the requirements for Identification test B under

Caprylocaproyl Polyoxylglycerides.

&Thin-Layer Chromatographic Identification Test h201i—

Test solution: 50 mg per mL, in methylene chloride.

Standard solution: 50 mg of USP Stearoyl Polyoxylgly-

cerides RS per mL, in methylene chloride.

Application volume: 10 mL.

Developing solvent system: a mixture of ether and

hexanes (7 : 3).

Spray reagent—Prepare a 0.1 mg per mL solution of

rhodamine B in alcohol.

Procedure—Proceed as directed in the chapter. Then spray

the plate with Spray reagent, and locate the spots on the plate

by examination under UV light at a wavelength of 365 nm:

the RF values of the principle spots obtained from the Test

solution correspond to those obtained from the Standard

solution.

C: It meets the requirements of the test for Fatty acid

composition.&2S (NF27)

Change to read:

Hydroxyl value h401i—The Hydroxyl Value, between 25 and 56,
does not differ by more than 15 units from the nominal value

&is not less than 85% and not more than 115% of the labeled

nominal value,&2S (NF27)
determined on a 1.0-g specimen, accurately weighed.
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Change to read:
Saponification value h401i—The Saponification Value, between 67
and 112, does not differ by more than 10 units from the nominal
value

&is not less than 90% and not more than 110% of the labeled

nominal value,&2S (NF27)
determined on a 2.0-g specimen.

Change to read:

Fatty acid composition h401i: not more than 5.0% each of lauric
acid and myristic acid is found; between 40.0% and 50.0% of
palmitic acid is found; and between 48.0% and 58.0% of stearic acid
is found.

&Stearoyl Polyoxylglycerides exhibit the following composi-

tion profile of fatty acids, as determined in the section Fatty

acid composition, under Fats and Fixed Oils h401i

(see Table 1):

Table 1

Carbon-Chain

Length

Number of Double

Bonds

Percentage (%)

12 0 55.0

14 0 55.0

16 0 40.0–50.0

18 0 48.0–58.0

&2S (NF27)

Change to read:

Water, Method I h921i: not more than 1.0%, determined on a
1.0-g specimen.

&Use as the solvent anhydrous pyridine or a mixture of

me thy l ene ch l o r i d e and anhyd rou s me th ano l

(7 : 3, v/v).&2S (NF27)

Change to read:

Total ash h561i: not more than 0.2%, determined on a 1.0-g
specimen.

&not more than 0.2%.&2S (NF27)

Change to read:

Heavy metals, Method II h231i:
&not more than&2S (NF27)
0.001%.

Add the following:

&Alkaline impurities—Weigh 5.0 g of Stearoyl Polyoxylgly-

cerides, heat slightly until the test substance melts, add 10 mL

of alcohol and 0.05 mL of bromophenol blue TS, and mix

well. While the solution is still warm, titrate with 0.01N

hydrochloric acid VS to change the color to yellow: not more

than 1.0 mL of 0.01N hydrochloric acid is required.&2S (NF27)
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h11i USP Reference Standards, USP 31 page 37, page 3572 of
the First Supplement, page 553 of the Interim Revision Announce-
ment in PF 34(3) [May–June 2008], page 2022 of PF 29(6) [Nov.–
Dec. 2003], page 1674 of PF 30(5) [Sept.–Oct. 2004], page 507 of
PF 31(2) [Mar.–Apr. 2005], page 1154 of PF 31(4) [July–Aug.
2005], page 1433 of PF 31(5) [Sept.–Oct. 2005], page 1680 of PF
31(6) [Nov.–Dec. 2005], page 181 of PF 32(1) [Jan.–Feb. 2006],
page 1161 of PF 32(4) [July–Aug. 2006], page 95 of PF 33(1)
[Jan.–Feb. 2007], page 267 of PF 33(2) [Mar.–Apr. 2007], page
497 of PF 33(3) [May–June 2007], page 716 of PF 33(4) [July–
Aug. 2007], page 981 of PF 33(5) [Sept.–Oct. 2007], page 1256 of
PF 33(6) [Nov.–Dec. 2007], page 142 of PF 34(1) [Jan.–Feb. 2008],
page 332 of PF 34(2) [Mar–Apr. 2008], page 680 of PF 34(3) [May–
June 2008], and page 1021 of PF 34(4) [July–Aug. 2008].

(HDQ) RTS—C43121; C43734; C44251; C44704; C49311;
C51145; C55189; C56391; C56123; C56124; C59088; C59089;
C63579

Add the following:

&USP Amlodipine Related Compound A RS

[3-ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chloro-

phenyl)-6-methyl-3,5-pyridinedicarboxylate] (C20H23ClN2O5

406.86)&2S (USP32)

Add the following:

&USP Silicified Microcrystalline Cellulose RS.&2S (USP32)

Add the following:

&USP Ecamsule Solution RS.&2S (USP32)

Add the following:

&USP Ecamsule Triethanolamine RS

[bicyclo[2.2.1]heptane-1-methanesulfonic acid, 3,3’-(1,4-

phenylenedimethylidyne)bis[7,7-dimethyl-2-oxo]-, ditrietha-

nolamine sal t (1 : 2) ] (C28H34O8S2 � (C6H15NO3) 2

861.07).&2S (USP32)

Add the following:

&USP Ecamsule Related Compound A RS

[1,4-phenylenedimethanol] (C8H10O2 138.16).&2S (USP32)

Add the following:

&USP Ecamsule Related Compound B RS

[ 4 - ( h y d r o x ym e t h y l ) b e n z o i c a c i d ] ( C 8 H 8O 3

152.15).&2S (USP32)

Add the following:

&USP Ecamsule Related Compound C RS

[Terephthalic acid] (C8H6O4 166.13).&2S (USP32)

Add the following:

&USP Ecamsule Related Compound D RS

[((1SR,4RS)-7,7-dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)-

methanesulfonic acid] (C10H16O4S 232.30).&2S (USP32)

Add the following:

&USP Ecamsule Related Compound E RS

[sodium ((1SR,4SR,E)-3-(4-(hydroxymethyl)benzylidene)-

7,7-dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)methanesulfo-

nate] (C18H21NaO5S 372.41).&2S (USP32)

Add the following:

&USP Ecamsule Related Compound F RS

[4-((E)-((1SR,4SR)-7,7-dimethyl-3-oxo-4-(sulfomethyl)bicy-

clo[2.2.1]heptan-2-ylidene)methyl)benzoic acid] (C18H20O6S

364.41).&2S (USP32)
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Add the following:

&USP Ecamsule Related Compound G RS

[4-((E)-((1SR,4SR)-7,7-dimethyl-3-oxo-4-(sulfomethyl)bicy-

clo[2.2.1]heptan-2-ylidene)methyl)benzaldehyde, sodium

salt] (C18H19NaO5S 370.40).&2S (USP32)

Add the following:

&USP Ethyl Maltol RS.&2S (USP32)

Add the following:

&USP Mesna RS

[sodium 2-sulphanylethanesulphonate] (C2H5NaO3S2

164.18 CAS-19767-45-4).&2S (USP32)

Add the following:

&USP Mesna Related Compound A RS

[2-(acetysulfanyl)ethanesulfonic acid ] (C4H8O4S2

184.23).&2S (USP32)

Add the following:

&USP Mesna Related Compound B RS

[2,2-(disulfane diyl)bis(ethanesulfonic acid)] (C4H10O6S4

282.38).&2S (USP32)

Add the following:

&USP Moxifloxacin Hydrochloride RS.&2S (USP32)

Add the following:

&USP Moxifloxacin Related Compound A RS

[1-cyclopropyl-6,8-difluoro-1,4-dihydro-7-[(4aS,7aS)-octa-

hydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-3-quinolinecar-

boxylic acid] (C20H21F2N3O3 389.40).&2S (USP32)

Add the following:

&USP Behenoyl Polyoxylglycerides RS.&2S (USP32)

Add the following:

&USP Oxcarbazepine RS.&2S (USP32)

Add the following:

&USP Risedronate Sodium RS.&2S (USP32)

Add the following:

&USP Risedronate Related Compound A RS

[2-py r id in i l i somer [1 -hyd roxy -2 - (2 -py r id iny l )

ethylidene]bis(phosphonic acid) monohydrate] (C7H11NO7P2

283.12).&2S (USP32)

Add the following:

&USP Risedronate Related Compound B RS

[cyclic dimer, disodium tetrahydrate salt [3,6-bis[(3-pyridi-

nyl)methyl]-2,5-dihydroxy-2,5-dioxido-1,4,2,5-dioxadipho-

sphorinane-3,6-diyl]bis[phosphonic acid] disodium

te t rahydra te sa l t ] (C1 4H16N2O12P4Na2 6 4H2O

646.22).&2S (USP32)

Add the following:

&USP Risedronate Related Compound C RS

[[2-(3-pyridinyl)ethylidene-1,1]-bis(phosphonic acid)]

(C7H11NO6P2 267.11).&2S (USP32)

Add the following:

&USP Sertraline Hydrochloride RS.&2S (USP32)

Add the following:

&USP Sertraline Hydrochloride Racemic Mixture RS

[(1RS,4RS)-4-(3,4-dichlorophenyl)-N-methyl-1,2,3,4-tetrahy-

dro-1-naphthylamine hydrochloride] (C17H17Cl2N � HCl

342.69).&2S (USP32)

Add the following:

&USP Sertraline Related Compound A RS

[(1R,4S)-4-(3,4-dichlorophenyl)-N-methyl-1,2,3,4-tetrahy-

dro-1-naphthylamine hydrochloride] (C17H17Cl2N �HCl

342.69).&2S (USP32)
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Chemical Tests and Assays

OTHER TESTS AND ASSAYS

BRIEFING

h467i Residual Solvents, USP 31 page 170, and page 752 of PF
34(3) [May–June 2008]. It is proposed to delete the section Other An-
alytical Procedures, which containsMethods I, IV, V, and VI. In order
to meet the new requirement for residual solvents, new methods de-
scribed in h467i or other suitable procedures need to be used.

(GC: H. Pappa) RTS—C67042

Change to read:

IDENTIFICATION, CONTROL, AND
QUANTIFICATION OF RESIDUAL SOLVENTS

Whenever possible, the substance under test needs to be dissolved
to release the residual solvent. Because the USP deals with drug prod-
ucts, as well as active ingredients and excipients, it may be acceptable
that in cases some of the components of the formulation will not dis-
solve completely. In those cases, the drug product may first need to be
pulverized into a fine powder so that any residual solvent that may be
present can be released. This operation should be as fast as possible to
prevent the loss of volatile solvents during the procedure.

NOTE—The organic-free water specified in the following proce-
dures produces no significantly interfering peaks when chromato-
graphed.

Class 1 and Class 2 Residual Solvents

The following procedures are useful to identify and quantify resid-
ual solvents when the information regarding which solvents are likely
to be present in the material is not available. When the information
about the presence of specific residual solvents is available, only Pro-
cedure C is needed to quantify the amount of residual solvents pre-
sent.

&A flow diagram for the application of the residual solvent

limit tests is shown in Figure 1.&1S (USP32)

WATER-SOLUBLE ARTICLES

Procedure A—

Class 1 Standard Stock Solution—Transfer 1.0 mL of USP Class 1
Residual Solvents Mixture RS to a 100-mL volumetric flask, add 9
mL of dimethyl sulfoxide, dilute with water to volume, and mix.
Transfer 1.0 mL of this solution to a 100-mL volumetric flask, dilute
with water to volume, and mix. Transfer 1.0 mL of this solution to a
10-mL volumetric flask, dilute with water to volume, and mix.

Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard
Stock Solution to an appropriate headspace vial, add 5.0 mL of water,
apply the stopper, cap, and mix.

Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Resid-
ual Solvents Class 2—Mixture A RS to a 100-mL volumetric flask,
dilute with water to volume, and mix. This is Class 2 Standard Stock
Solution A. Transfer 1.0 mL of USP Residual Solvents Class 2—Mix-
ture B RS to a 100-mL volumetric flask, dilute with water to volume,
and mix. This is Class 2 Standard Stock Solution B.

Class 2Mixture A Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution A to an appropriate headspace vial, add 5.0
mL of water, apply the stopper, cap, and mix.

Class 2Mixture B Standard Solution—Transfer 5.0 mL of Class 2
Standard Stock Solution B to an appropriate headspace vial, add 1.0
mL of water, apply the stopper, cap, and mix.

Test Stock Solution—Transfer about 250 mg of the article under
test, accurately weighed, to a 25-mL volumetric flask, dissolve in
and dilute with water to volume, and mix.

Test Solution—Transfer 5.0 mL of Test Stock Solution to an appro-
priate headspace vial, add 1.0 mL of water, apply the stopper, cap,
and mix.

Class 1 System Suitability Solution—Transfer 1.0 mL of Class 1
Standard Stock Solution to an appropriate headspace vial, add 5.0 mL
of Test Stock Solution, apply the stopper, cap, and mix.

Chromatographic System (see Chromatography h621i)—The gas
chromatograph is equipped with a flame-ionization detector, a 0.32-
mm6 30-m fused-silica column coated with a 1.8-mm layer of phase
G43 or a 0.53-mm 6 30-m wide-bore column coated with a 3.0-mm
layer of phase G43. The carrier gas is nitrogen or helium with a linear
velocity of about 35 cm per second, and a split ratio of 1 : 5. [NOTE—
Split ratio can be modified in order to optimize sensitivity.] The col-
umn temperature is maintained at 408 for 20 minutes, then raised at a
rate of 108 per minute to 2408, and maintained at 2408 for 20 minutes.
The injection port and detector temperatures are maintained at 1408
and 2508, respectively. Chromatograph the Class 1 Standard Solu-
tion, Class 1 System Suitability Solution, and Class 2Mixture A Stan-
dard Solution, and record the peak responses as directed for
Procedure: the signal-to-noise ratio of 1,1,1-trichloroethane in the
Class 1 Standard Solution is not less than 5; the signal-to-noise ratio
of each peak in the Class 1 System Suitability Solution is not less than
3; and the resolution, R, between acetonitrile and methylene chloride
in the Class 2Mixture A Standard Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents.]&1S (USP32)
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Separately inject (following one of the headspace operating parame-
ter sets described in the table below) equal volumes of headspace
(about 1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A
Standard Solution, Class 2Mixture B Standard Solution, and the Test
Solution into the chromatograph, record the chromatograms, and
measure the responses for the major peaks. If a peak response of
any peak, other than a peak for 1,1,1-trichloroethane, in the Test So-
lution is greater than or equal to a corresponding peak in either the

Class 1 Standard Solution or either of the two Class 2Mixture Stan-
dard Solutions, or a peak response of 1,1,1-trichloroethane is greater
than or equal to 150 times the peak response corresponding to 1,1,1-
trichloroethane in the Class 1 Standard Solution, proceed to Proce-
dure B to verify the identity of the peak; otherwise the article meets
the requirements of this test.

Table 5. Headspace Operating Parameters

Headspace Operating
Parameter Sets

1 2 3

Equilibration temperature (8) 80 105 80
Equilibration time (min.) 60 45 45
Transfer-line temperature (8)

&(if appropriate)&1S (USP32)

85 110 105

&Syringe temperature (8) (if appropriate)&1S (USP32)
&80–85&1S (USP32)

&80–85&1S (USP32)
&80–85&1S (USP32)

Carrier gas: nitrogen or helium at an appropriate pressure
Pressurization time (s) 30

&�60&1S (USP32)

30

&�60&1S (USP32)

30

&�60&1S (USP32)

Injection volume (mL)

&*
&1S (USP32)

1 1 1

&

* Or follow the instrument manufacturer’s recommendations, as long as the method criteria are met. Injecting less than this amount is allowed as
long as adequate sensitivity is achieved.&1S (USP32)

Procedure B—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
2 Standard Stock Solutions, Class 2Mixture A Standard Solution,
Class 2Mixture B Standard Solution, Test Stock Solution, Test Solu-
tion, and Class 1 System Suitability Solution—Prepare as directed for
Procedure A.

Chromatographic System (see Chromatography h621i)—The gas
chromatograph is equipped with a flame-ionization detector, a 0.32-
mm 6 30-m fused-silica column coated with a 0.25-mm layer of
phase G16, or a 0.53-mm 6 30-m wide-bore column coated with a
0.25-mm layer of phase G16. The carrier gas is nitrogen or helium
with a linear velocity of about 35 cm per second and a split ratio of
1 : 5. [NOTE—Split ratio can be modified in order to optimize sensitiv-
ity.] The column temperature is maintained at 508 for 20 minutes,
then raised at a rate of 68 per minute to 1658, and maintained at
1658 for 20 minutes. The injection port and detector temperatures
are maintained at 1408 and 2508, respectively. Chromatograph the
Class 1 Standard Solution and the Class 1 System Suitability
Solution, and record the peak responses as directed for Procedure:
the signal-to-noise ratio of benzene in the Class 1 Standard Solution
is not less than 5; the signal-to-noise ratio of each peak in the Class 1
System Suitability Solution is not less than 3; and the resolution, R,
between acetonitrile and cis-dichloroethene in the Class 2Mixture A
Standard Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents.]&1S (USP32)

Separately inject (following one of the headspace operating parame-
ter sets described in Table 5) equal volumes of headspace (about 1.0
mL) of the Class 1 Standard Solution, the Class 2Mixture A Standard
Solution, the Class 2Mixture B Standard Solution, and the Test Solu-
tion into the chromatograph, record the chromatograms, and measure

the responses for the major peaks. If the peak response(s) in the Test
Solution of the peak(s) identified in Procedure A is/are greater than or
equal to a corresponding peak(s) in either the Class 1 Standard Solu-
tion or either of the two Class 2Mixture Standard Solutions, proceed
to Procedure C to quantify the peak(s); otherwise the article meets the
requirements of this test.

Procedure C—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
2 Standard Stock Solution A, Class 2Mixture A Standard Solution,
Test Stock Solution, Test Solution, and Class 1 System Suitability So-
lution—Prepare as directed for Procedure A.

Standard Solution—[NOTE—Prepare a separate Standard Solution
for each peak identified and verified by Procedures A and B. For the
Class 1 solvents other than 1,1,1-trichloroethane, prepare the first di-
lution as directed for the first dilution under Class 1 Standard Stock
Solution in Procedure A.] Transfer an accurately measured volume of
each individual USP Reference Standard corresponding to each resid-
ual solvent peak identified and verified by Procedures A and B to a
suitable container, and dilute quantitatively, and stepwise if neces-
sary, with water to obtain a solution having a final concentration of
1/20 of the value stated in Table 1 or 2 (under Concentration Limit).
Transfer 1.0 mL of this solution to an appropriate headspace vial, add
5.0 mL of water, apply the stopper, cap, and mix.

Spiked Test Solution—[NOTE—Prepare a separate Spiked Test Solu-
tion for each peak identified and verified by Procedures A and B.]
Transfer 5.0 mL of Test Stock Solution to an appropriate headspace
vial, add 1.0 mL of the Standard Solution, apply the stopper, cap, and
mix.

Chromatographic System (see Chromatography h621i)—[NOTE—
If the results of the chromatography from Procedure A are found to be
inferior to those found with Procedure B, the Chromatographic Sys-
tem from Procedure Bmay be substituted.] The gas chromatograph is
equipped with a flame-ionization detector, a 0.32-mm6 30-m fused-
silica column coated with a 1.8-mm layer of phase G43 or a 0.53-mm
6 30-m wide-bore column coated with a 3.0-mm layer of phase G43.
The carrier gas is nitrogen or helium with a linear velocity of about 35
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cm per second, and a split ratio of 1 : 5. [NOTE—The split ratio can be
modified in order to optimize sensitivity.] The column temperature is
maintained at 408 for 20 minutes, then raised at a rate of 108 per mi-
nute to 2408, and maintained at 2408 for 20 minutes. The injection
port and detector temperatures are maintained at 1408 and 2508,
respectively. Chromatograph the Class 1 Standard Solution, the Class
1 System Suitability Solution, and the Class 2Mixture A Standard So-
lution, and record the peak responses as directed for Procedure: the
signal-to-noise ratio of 1,1,1-trichloroethane in the Class 1 Standard
Solution is not less than 5; the signal-to-noise ratio of each peak in the
Class 1 System Suitability Solution is not less than 3; and the resolu-
tion, R, between acetonitrile and methylene chloride in the Class
2Mixture A Standard Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents.]&1S (USP32)

Separately inject (following one of the headspace operating parame-
ters described in Table 5) equal volumes of headspace (about 1.0 mL)
of the Standard Solution, the Test Solution, and the Spiked Test Solu-
tion into the chromatograph, record the chromatograms, and measure
the responses for the major peaks. Calculate the amount, in ppm, of
each residual solvent found in the article under test by the formula:

5(C/W)[rU /(rST – rU)]

in which C is the concentration, in mg per mL, of the appropriate USP
Reference Standard in the Standard

&Stock&1S (USP32)

Solution; W is the weight, in g, of the article under test taken to pre-
pare the Test Stock Solution; and rU and rST are the peak responses of
each residual solvent obtained from the Test Solution and the Spiked
Test Solution, respectively.

WATER-INSOLUBLE ARTICLES

Procedure A—[NOTE—Dimethyl sulfoxide may be substituted as
an alternative solvent to dimethylformamide.]

Class 1 Standard Stock Solution—Transfer 1.0 mL of USP Class 1
Residual Solvents Mixture RS to a 100-mL volumetric flask previ-
ously filled with about 80 mL of dimethylformamide, dilute with di-
methylformamide to volume, and mix. Transfer 1.0 mL of this
solution to a 100-mL volumetric flask, previously filled with about
80 mL of dimethylformamide, dilute with dimethylformamide to vol-
ume, and mix (reserve a portion of this solution for the Class 1 System
Suitability Solution). Transfer 1.0 mL of this solution to a 10-mL vol-
umetric flask, dilute with dimethylformamide to volume, and mix.

Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard
Stock Solution to an appropriate headspace vial, containing 5.0 mL of
water, apply the stopper, cap, and mix.

Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Resid-
ual Solvents Class 2—Mixture A RS to a 100-mL volumetric flask,
previously filled with about 80 mL of dimethylformamide, dilute with
dimethylformamide to volume, and mix. This is Class 2 Standard
Stock Solution A. Transfer 0.5 mL of USP Residual Solvents Class
2—Mixture B RS to a 10-mL volumetric flask, dilute with dimethyl-
formamide to volume, and mix. This is Class 2 Standard Stock Solu-
tion B.

Class 2Mixture A Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution A to an appropriate headspace vial, contain-
ing 5.0 mL of water, apply the stopper, cap, and mix.

Class 2Mixture B Standard Solution—Transfer 1.0 mL of Class 2
Standard Stock Solution B to an appropriate headspace vial, contain-
ing 5.0 mL of water, apply the stopper, cap, and mix.

Test Stock Solution—Transfer about 500 mg of the article under
test, accurately weighed, to a 10-mL volumetric flask, dissolve in
and dilute with dimethylformamide to volume, and mix.

Test Solution—Transfer 1.0 mL of Test Stock Solution to an appro-
priate headspace vial, containing 5.0 mL of water, apply the stopper,
cap, and mix.

Class 1 System Suitability Solution—Mix 5 mL of Test stock solu-
tion with 0.5 mL of the intermediate dilution reserved from Class 1
Standard Stock Solution. Transfer 1.0 mL of this solution to an appro-
priate headspace vial, containing 5.0 mL of water, apply the stopper,
cap, and mix.

Chromatographic System (see Chromatography h621i—The gas
chromatograph is equipped with a flame-ionization detector, a 0.53-
mm 6 30-m wide-bore column coated with a 3.0-mm layer of phase
G43. The carrier gas is helium with a linear velocity of about 35 cm
per second, and a split ratio of 1 : 3 [NOTE—Split ratio can be modified
in order to optimize sensitivity.] The column temperature is main-
tained at 408 for 20 minutes, then raised at a rate of 108 per minute
to 2408, and maintained at 2408 for 20 minutes. The injection port and
detector temperatures are maintained at 1408 and 2508, respectively.
Chromatograph the Class 1 Standard Solution, Class 1 System Suit-
ability Solution, and Class 2Mixture A Standard Solution, and record
the peak responses as directed for Procedure: the signal-to-noise ratio
of 1,1,1-trichloroethane in the Class 1 Standard Solution is not less
than 5; the signal-to-noise ratio of each peak in the Class 1 System
Suitability Solution is not less than 3; and the resolution, R, between
acetonitrile and methylene chloride in the Class 2Mixture A Standard
Solution is not less than 1.0.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents.]&1S (USP32)

Separately inject (use headspace operating parameters 3 in Table 5
with a vial pressure of 10 psi) equal volumes of headspace (about
1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A Standard
Solution, Class 2Mixture B Standard Solution, and Test Solution into
the chromatograph, record the chromatograms, and measure the re-
sponses for the major peaks. If a peak response of any peak, other
than a peak for 1,1,1-trichloroethane, in the Test Solution is greater
than or equal to a corresponding peak in either the Class 1 Standard
Solution or either of the two Class 2Mixture Standard Solutions, or a
peak response of 1,1,1-trichloroethane is greater than or equal to 150
times the peak response corresponding to 1,1,1-trichloroethane in the
Class 1 Standard Solution, proceed to Procedure B to verify the iden-
tity of the peak; otherwise the article meets the requirements of this
test.

Procedure B—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
1 System Suitability Solution, Class 2 Standard Stock Solutions, Class
2Mixture A Standard Solution, and Class 2Mixture B Standard So-
lution, Test Stock Solution, and Test Solution—Proceed as directed for
Procedure A.

Chromatographic System—Proceed as directed for Procedure B
under Water-Soluble Articles with a split ratio of 1 : 3. [NOTE—The
split ratio can be modified in order to optimize sensitivity.]

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents.]&1S (USP32)

Separately inject (use headspace operating parameters 3 in Table 5
with a vial pressure of 10 psi) equal volumes of headspace (about
1.0 mL) of the Class 1 Standard Solution, Class 2Mixture A Standard
Solution, Class 2Mixture B Standard Solution, and Test Solution, into
the chromatograph, record the chromatograms, and measure the re-
sponses for the major peaks. If the peak response(s) in Test Solution
of the peak(s) identified in Procedure A is/are greater than or equal to
a corresponding peak(s) in either the Class 1 Standard Solution or
any of the two Class 2Mixture Standard Solutions, proceed to Pro-
cedure C to quantify the peak(s); otherwise the article meets the re-
quirements of this test.
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Procedure C—

Class 1 Standard Stock Solution, Class 1 Standard Solution, Class
1 System Suitability Solution, Class 2 Standard Stock Solution A, and
Class 2Mixture A Standard Solution—Proceed as directed for Proce-
dure A.

Standard Stock Solution—[NOTE—Prepare a separate Standard So-
lution for each peak identified and verified by Procedures A and B.]
Transfer an accurately measured volume of each individual USP Ref-
erence Standard corresponding to each residual solvent peak identi-
fied and verified by Procedures A and B to a suitable container, and
dilute quantitatively, and stepwise if necessary, with water to obtain a
solution having a final concentration of 1/20 of the value stated in
Table 1 or Table 2 (under Concentration Limit).

Standard Solution—Transfer 1.0 mL of the Standard Stock Solu-
tion to an appropriate headspace vial, containing 5.0 mL of water,
apply the stopper, cap, and mix.

Test Stock Solution—Proceed as directed for Procedure A.

Test Solution—Transfer 1.0 mL of the Test Stock Solution to an ap-
propriate headspace vial, containing 5.0 mL of water, apply the stop-
per, cap, and mix.

Spiked Test Solution—[NOTE—Prepare a separate Spiked Test Solu-
tion for each peak identified and verified by Procedures A and B.]
Transfer 1.0 mL of Test Stock Solution to an appropriate headspace
vial, add 1 mL of Standard Stock Solution and 4.0 mL of water, apply
the stopper, cap, and mix.

Chromatographic System—Proceed as directed for Procedure C
under Water-Soluble Articles.

Procedure—

&[NOTE—It is recommended to increase the temperature of the

transfer line between runs to eliminate any potential conden-

sation of solvents.]&1S (USP32)

Separately inject (use headspace operating parameters 3 in Table 5
with a vial pressure of 10 psi) equal volumes of headspace (about
1.0 mL) of the Standard Solution, Test Solution, and Spiked Test So-
lution into the chromatograph, record the chromatograms, and mea-
sure the responses for the major peaks. Calculate the amount, in ppm,
of each residual solvent found in the article under test by the formula:

10(C/W)[rU /(rST – rU)]

in which C is the concentration, in mg per mL, of the appropriate USP
Reference Standard in the Standard

&Stock&1S (USP32)

Solution;W is the weight, in g, of the article under test taken to pre-
pare the Test Stock Solution; and rU and rST are the peak responses of
each residual solvent obtained from Test Solution and Spiked Test So-
lution, respectively.

Class 3 Residual Solvents

If Class 3 solvents are present, the level of residual solvents may be
determined as directed under Loss on Drying h731i when the mono-
graph for the article under test contains a loss on drying procedure, or
a specific determination of the solvent may be made. If there is no loss
on drying procedure in the monograph for the article under test or if a
Class 3 solvent limit in an individual monograph is greater than 50
mg per day (corresponding to 5000 ppm or 0.5% under Option 1), the
individual Class 3 residual solvent or solvents present in the article
under test should be identified and quantified, and the procedures
as described above, with appropriate modifications to the standard so-
lutions, are to be applied wherever possible. Otherwise an appropriate
validated procedure is to be employed. USP Reference Standards,
where available, should be used in these procedures. A flow diagram
for the application of residual solvent limit tests is shown in Figure 1.

&

&1S (USP32)
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Figure 1. Diagram relating to the identification of residual solvents and the application of limit tests.

Delete the following:

&OTHER ANALYTICAL PROCEDURES

The following procedures, with any necessary variations, are used
where specified in the individual monographs.

Method I

A gas chromatograph capable of temperature programming and
equipped with a wide-bore, wall-coated open tubular column and a
flame-ionization detector is used in the following procedure.

Standard Solution—Prepare a solution, in organic-free water, or
the solvent specified in the monograph, containing in each mL, 12.0
mg of methylene chloride, 7.6 mg of 1,4-dioxane, 1.6 mg of trichloro-
ethylene, and 1.2 mg of chloroform. [NOTE—Prepare fresh daily.]

Test Solution—Dissolve in organic-free water, or the solvent spec-
ified in the monograph, an accurately weighed portion of the material
to be tested to obtain a final solution having a known concentration of
about 20 mg of the test material per mL.

Chromatographic System (see Chromatography h621i)—The
gas chromatograph is equipped with a flame-ionization detector, a
0.53-mm 6 30-m fused silica analytical column coated with a 5-
mm chemically cross-linked G27 stationary phase and a 0.53-mm
6 5-m silica guard column deactivated with phenylmethyl siloxane.
The carrier gas is helium with a linear velocity of about 35 cm per
second. [NOTE—When a makeup gas is used, nitrogen is recom-
mended.] The injection port temperature and the detector temperature
are maintained at 708 and 2608, respectively. The column temperature
is programmed as follows. Initially, the column temperature is main-
tained at 358 for 5 minutes, then increased at a rate of 88 per minute to
1758, followed by an increase at a rate of 358 per minute to 2608, and
maintained at 2608 for at least 16 minutes.
Inject the Standard Solution, and record the peak responses as di-

rected for Procedure: a suitable system is one that yields chromato-
grams in which all of the components in the Standard Solution are
resolved; the resolution, R, between any two components is not less
than 1.0; and the relative standard deviation of the individual peak
responses from replicate injections is not more than 15%.

Procedure—Separately inject equal volumes (about 1 mL) of the
Standard Solution and the Test Solution into the chromatograph, re-
cord the chromatograms, and measure the peak responses.
Identify, on the basis of retention time, any peaks present in the

chromatogram of the Test Solution. The identity and peak response
in the chromatogram may be established as being from any of the or-
ganic volatile impurities listed in the table shown below or from some
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other volatile impurity eluting with a comparable retention time as
determined by mass spectrometric relative abundance procedures or
by the use of a second validated column containing a different station-
ary phase.
Unless otherwise specified in the individual monograph, the

amount of each organic volatile impurity present in the material does
not exceed the limit given in the table shown below.

Organic Volatile Impurity Limit (mg per g)

Chloroform 60
1,4-Dioxane 380
Methylene Chloride 600
Trichloroethylene 80

Method IV

Standard Solution—Prepare as directed for Standard Solution in
Method I. Pipet 5 mL of the solution into a vial fitted with a septum
and crimp cap, containing 1 g of anhydrous sodium sulfate, and seal.
Heat the sealed vial at 808 for 60 minutes.

Test Solution—Transfer 100 mg, accurately weighed, of the ma-
terial under test to a vial, add 5.0 mL of water, or the solvent specified
in the monograph, and 1 g of anhydrous sodium sulfate, and seal with
a septum and crimp cap. Heat the sealed vial at 808 for 60 minutes, or
as specified in the individual monograph.

Chromatographic System and Procedure—[NOTE—The use of
headspace apparatuses that automatically transfer a measured amount
of headspace is allowed. Also, the use of a guard column in this head-
space procedure is not necessary.] Proceed as directed for Method V,
except to inject, using a heated gas-tight syringe, 1 mL of the head-
space.

Method V

Standard Solution and Test Solution—Prepare as directed for
Method I.

Chromatographic System (see Chromatography h621i)—The
gas chromatograph is equipped with a flame-ionization detector, a
0.53-mm 6 30-m fused silica analytical column coated with a 3.0-
mmG43 stationary phase, and a 0.53-mm6 5-m silica guard column
deactivated with phenylmethyl siloxane. The carrier gas is helium
with a linear velocity of about 35 cm per second. The injection port
and detector temperatures are maintained at 1408 and 2608, respec-
tively. The column temperature is programmed according to the fol-
lowing steps. It is maintained at 408 for 20 minutes, then increased
rapidly to 2408, and maintained at 2408 for 20 minutes.
Inject the Standard Solution, and record the peak responses as di-

rected for Procedure: a suitable system is one that yields chromato-
grams in which all of the components in the Standard Solution are
resolved; the resolution, R, between any two components is not less
than 3; and the relative standard deviation of the individual peak re-
sponses from replicate injections is not more than 15%.

Procedure—Proceed as directed for Method I, the injection vol-
ume being about 1 mL.

Method VI

Standard Solution and Test Solution—Prepare as directed for
Method I.

Chromatographic System (see Chromatography h621i)—The
gas chromatograph is equipped with a flame-ionization detector.
The column and column temperature conditions, as chosen from
the list below (see Table 6), are specified in the individual mono-
graph. The carrier gas, linear velocity or flow rate, and detector and
injection port temperatures are appropriate to the column dimensions
and column temperatures chosen from the list below.
Inject the Standard Solution, and record the peak responses as di-

rected for Procedure: a suitable system is one that yields the chromat-
ograms in which all of the components in the Standard Solution are
resolved; the resolution, R, between any two components is not less
than 1.0; and the relative standard deviation of the individual peak
responses from replicate injections is not more than 15%.

Procedure—Proceed as directed for Method I, the injection vol-
ume being about 1 mL.

Table 6. Chromatographic Conditions for Method VI

Chromatographic
Conditions

USP Column
Designation Column Size Column Temperature

A S3 3-mm 6 2-m 1908
B S2 3-mm 6 2.1-m 1608
C G16 0.53-mm 6 30-m 408
D G39 3-mm 6 2-m 658
E G16 3-mm 6 2-m 708
F S4 2-mm 6 2.5-m Hold 1208 (35 min.)

Gradient 1208–2008(28/min.)
Hold 20 min.

H G14 2-mm 6 2.5-m Hold 458 (3 min.)
Gradient 458–1208 (88/min.)

Hold 15 min.
I G27 0.53-mm 6 30-m Hold 358 (5 min.)

358–1758 (88 /min.)
1758–2608(358/min.)

Hold 16 min.
J G16 0.33-mm 6 30-m Hold 508 (20 min.)

508–1658 (68/min.)
Hold 20 min.

&2S (USP32)
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Physical Tests and
Determinations

BRIEFING

h621i Chromatography, USP 31 page 232 and page 757 of PF
34(3) [May–June 2008]. On the basis of comments received, a clari-
fication is made that the flow rate in HPLC can be adjusted+50%, in
addition to the adjustments made to compensate for the different col-
umn dimensions. A definition and calculation of the signal-to-noise
ratio is also included in this revision. The purpose of the chapter ad-
dition is to provide guidance in signal-to-noise ratio calculations
when the parameter is listed in monographs as a part of the system
suitability requirements. The Expert Committee recognizes that there
are multiple methods available to obtain an acceptable value of sig-
nal-to-noise ratio; however, in the interest of harmonization, an ap-
proach is proposed similar to that of the European Pharmacopoeia.

(GC: H. Pappa) RTS—C65279; C65280; C63050

Change to read:

SYSTEM SUITABILITY

System suitability tests are an integral part of gas and liquid chro-
matographic methods. They are used to verify that the resolution and
reproducibility of the chromatographic system are adequate for the
analysis to be done.

&chromatographic system is adequate for the intended analy-

sis.&1S (USP32)

The tests are based on the concept that the equipment, electronics,
analytical operations, and samples to be analyzed constitute an inte-
gral system that can be evaluated as such.
The resolution, R [NOTE—All terms and symbols are defined in the

Glossary of Symbols], is a function of column efficiency, N, and

&the separation factor (see Relative Retention under Glossary

of Symbols), and the capacity factor, k’. For a given stationary

phase and mobile phase, N&2S (USP32)

is specified to ensure that closely eluting compounds are resolved
from each other, to establish the general resolving power of the sys-
tem, and to ensure that internal standards are resolved from the drug.
Column efficiency may be specified also as a system suitability re-
quirement, especially if there is only one peak of interest in the chro-
matogram; however, it is a less reliable means to ensure resolution
than direct measurement. Column efficiency is a measure of peak
sharpness, which is important for the detection of trace components.

Replicate injections of a standard preparation used in the assay
or other standard solution are compared to ascertain whether require-
ments for precision are met. Unless otherwise specified in the individ-
ual monograph, data from five replicate injections of the analyte are
used to calculate the relative standard deviation, SR,

~

%RSD,~USP32

if the requirement is 2.0% or less; data from six replicate injections
are used if the relative standard deviation requirement is more than
2.0%.

The tailing factor, T, a measure of peak symmetry, is unity for per-
fectly symmetrical peaks and its value increases as tailing becomes
more pronounced (see Figure 2). In some cases, values less than unity
may be observed. As peak asymmetry increases, integration, and
hence precision, becomes less reliable.

&The signal-to-noise ratio (S/N) is a useful system suitability

parameter. The S/N is calculated as follows:

S/N = 2h/hn

in which h is the height of the peak corresponding to the com-

ponent concerned; and hn is the difference between the largest

and smallest noise values observed over a distance equal to at

least five times the width at the half-height of the peak and, if

possible, situated equally around the peak of interest.&2S (USP32)

Figure 2. Asymmetrical chromatographic peak

These tests are performed by collecting data from replicate injec-
tions of standard or other solutions as specified in the individual
monograph. The specification of definitive parameters in a mono-
graph does not preclude the use of other suitable operating conditions
(see Procedures under Tests and Assays in the General Notices). If
adjustments of operating conditions to meet system suitability re-
quirements are necessary, each of the following is the maximum var-
iation that can be considered, unless otherwise directed in the
monograph. Adjustments are permitted only when suitable standards
(including Reference Standards) are available for all compounds used
in the suitability test and only when those standards are used to show
that the adjustments have improved the quality of the chromatogra-
phy in meeting system suitability requirements. Adjustments to chro-
matographic systems performed in order to comply with system
suitability requirements are not to be made to compensate for column
failure or system malfunction. The changes described below may re-
quire additional validation data. The user should verify the suitability
of the method under the new conditions by assessing the relevant an-
alytical performance characteristics potentially affected by the
change. Multiple adjustments can have a cumulative effect in the per-
formance of the system and should be considered carefully before im-
plementation.

~

Adjustments to the composition of the mobile phase in gra-

dient elution is not recommended. If adjustments are neces-

sary, only column changes (same packing material) or dwell

volume adjustments are recommended~USP32
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pH of Mobile Phase (HPLC)—The pH of the aqueous buffer used
in the preparation of the mobile phase can be adjusted to within+0.2
units of the value or range specified.

Concentration of Salts in Buffer (HPLC)—The concentration of
the salts used in the preparation of the aqueous buffer used in the mo-
bile phase can be adjusted to within +10%, provided the permitted
pH variation (see above) is met.

Ratio of Components in Mobile Phase (HPLC)—The following
adjustment limits apply to minor components of the mobile phase
(specified at 50% or less). The amount(s) of these component(s)
can be adjusted by+30% relative. However, the change in any com-
ponent cannot exceed+10% absolute (i.e., in relation to the total mo-
bile phase). Adjustment can be made to one minor component in a
ternary mixture. Examples of adjustments for binary and ternary mix-
tures are given below.

Binary Mixtures—

SPECIFIED RATIO OF 50 : 50—Thirty percent of 50 is 15% absolute,
but this exceeds the maximum permitted change of +10% absolute
in either component. Therefore, the mobile phase ratio may be adjust-
ed only within the range of 40 : 60 to 60 : 40.

SPECIFIED RATIO OF 2 : 98—Thirty percent of 2 is 0.6% absolute.
Therefore the maximum allowed adjustment is within the range of
1.4 : 98.6 to 2.6 : 97.4.

Ternary Mixtures—

SPECIFIEDRATIOOF 60 : 35 : 5—For the second component, 30% of 35
is 10.5% absolute, which exceeds the maximum permitted change of
+10% absolute in any component. Therefore the second component
may be adjusted only within the range of 25% to 45% absolute. For
the third component, 30% of 5 is 1.5% absolute. In all cases, a suffi-
cient quantity of the first component is used to give a total of 100%.
Therefore, mixture ranges of 50 : 45 : 5 to 70 : 25 : 5 or 58.5 : 35 : 6.5
to 61.5 : 35 : 3.5 would meet the requirement.

Wavelength of UV-Visible Detector (HPLC)—Deviations from
the wavelengths specified in the method are not permitted. The pro-
cedure specified by the detector manufacturer, or another validated
procedure, is to be used to verify that error in the detector wavelength
is, at most, +3 nm.

Column Length (GC, HPLC): can be adjusted by as much as
+70%.

Column Inner Diameter (GC, HPLC): can be adjusted by as
much as +25% for HPLC and +50% for GC.

Film Thickness (Capillary GC): can be adjusted by as much as
–50% to 100%.

Particle Size (HPLC): can be reduced by as much as 50%.

Particle Size (GC): going from a larger to a smaller or a smaller
to a larger (if it is the same ‘‘Range Ratio’’, which is the diameter of
the largest particle divided by the diameter of the smallest particle)
particle size GC mesh support is acceptable, provided the chromatog-
raphy meets the requirements of the system suitability.

Flow Rate (GC, HPLC): can be adjusted by as much as+50%.

&Stationary Phase—

Column Length (GC, HPLC): can be adjusted by as much

as +70%.

Column Inner Diameter (HPLC): can be adjusted pro-

vided that the linear velocity is kept constant [see Flow rate

(HPLC)].

Column Inner Diameter (GC): can be adjusted by as much

as +50% for GC.

Film Thickness (Capillary CG): can be adjusted by as

much as –50% to 100%.

Particle Size (HPLC): can be reduced by as much as 50%.

Particle Size (GC)— Going from a larger to a smaller or a

smaller to a larger (if it is the same range ratio, which is the

diameter of the largest particle divided by the diameter of the

smallest particle) particle size GC mesh support is acceptable,

provided the chromatography meets the requirements of sys-

tem suitability.

Flow Rate (GC): can be adjusted by as much as +50%.

Flow Rate (HPLC): can be adjusted by as much as

+50%.&&2S (USP32) When column dimensions have been mod-

ified, the flow rate can be adjusted using the following formu-

la:

in which F1 is the flow rate indicated in the monograph, in mL

per minute; F2 is the adjusted flow rate, in mL per minute; l1 is

the length of the column indicated in the monograph; l2 is the

length of the column used; and d1 is the column inner diameter

indicated in the monograph, and d2 is the internal diameter of

the column used. &Additionally, the flow rate can be adjusted

by +50%&2S (USP32)&2S (USP32)

Injection Volume (GC, HPLC): can be reduced as far as is con-
sistent with accepted precision and detection limits.

Column Temperature (HPLC): can be adjusted by as much as
+108. Column thermostating is recommended to improve control
and reproducibility of retention time.

Oven Temperature (GC): can be adjusted by as much as
+10%.

Oven Temperature Program (GC)—Adjustment of temperatures
is permitted as stated above. For the times specified for the tempera-
ture to be maintained or for the temperature to be changed from one
value to another, an adjustment of up to +20% is permitted.

Unless otherwise directed in the monograph, system suitability
parameters are determined from the analyte peak.

Relative retention times may be provided in monographs for infor-
mational purposes only, to aid in peak identification. There are no ac-
ceptance criteria applied to relative retention times.
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To ascertain the effectiveness of the final operating system, it
should be subjected to suitability testing. Replicate injections of the
standard preparation required to demonstrate adequate system preci-
sion may be made before the injection of samples or may be inter-
spersed among sample injections. System suitability must be
demonstrated throughout the run by injection of an appropriate con-
trol preparation at appropriate intervals, including at the end of the
analysis.

&Injections of the appropriate preparation(s) required to dem-

onstrate adequate system suitability (as described under the

Chromatographic system section of the method), are made

to demonstrate that the system is suitable throughout the

run.&1S (USP32)

The control

&

&1S (USP32)

preparation can be a standard preparation or a solution containing a
known amount of analyte and any additional materials useful in the
control of the analytical system, such as excipients or impurities.
Whenever there is a significant change in equipment or in a critical
reagent, suitability testing should be performed before the injection of
samples. No sample analysis is acceptable unless the requirements of
system suitability have been met. Sample analyses obtained while the
system fails &system suitability&2S (USP30) requirements are unaccept-
able.

&Whenever there is a significant change in the chromato-

graphic system (equipment, mobile phase component, etc) or

in a critical reagent, system suitability should be reestablished.

No sample analysis is acceptable unless the suitability of the

system has been demonstrated.&1S (USP32)

Change to read:

GLOSSARY OF SYMBOLS

To promote uniformity of interpretation, the following symbols
and definitions are employed where applicable in presenting formulas
in the individual monographs. Where a different symbol or definition
is used in an individual monograph, the monograph text takes prece-
dence (see General Notices). [NOTE—Where the terms W and t both
appear in the same equation they must be expressed in the same
units.]

f distance from the peak maximum to the lead-
ing edge of the peak, the distance being mea-
sured at a point 5% of the peak height from
the baseline.

k’ capacity factor,

~2
~USP32

N number of theoretical plates in a chromato-
graphic column,

~2
~USP32

r relative retention,

~2
~USP32

ri peak response of an impurity obtained from a
chromatogram.

rIS peak response of the internal standard ob-
tained from a chromatogram.

rS peak response of the Reference Standard ob-
tained from a chromatogram.

rU peak response of the analyte obtained from a
chromatogram.

R resolution between two chromatographic
peaks,

RF chromatographic retardation factor equal to
the ratio of the distance from the origin to
the center of a zone divided by the distance
from the origin to the solvent front.

Rr relative retention time,

~2
~USP32

Rrel relative retardation

RS peak response ratio for a Standard prepara-
tion containing Reference Standard and in-
ternal standard,

RU peak response ratio for Assay preparation
containing the analyte and internal standard,
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SR (%)

~

%RSD~USP32

relative standard deviation in percentage,

~

~USP32

where Xi is an individual measurement in a
set of Nmeasurements and X is the arithmetic
mean of the set.

T tailing factor,

~3
~USP32

t retention time measured from time of injec-
tion to time of elution of peak maximum.

tM retention time of nonretarded component, air
with thermal conductivity detection.

W width of peak measured by extrapolating the
relatively straight sides to the baseline.

Wh/2 width of peak at half height.
W0.05 width of peak at 5% height.

~

2 The parameters k’, N, r, and Rr were developed for isothermal GC
separations and isocratic HPLC separations. Because these terms are
thermodynamic parameters, they are valid only for separations made
at constant temperature, mobile phase composition, and flow rate.
However, for separations made with a temperature program or solvent
gradient, these parameters may be used simply as comparative means
to ensure that adequate chromatographic conditions exist to perform
the methods as intended in the monographs.
3 It is also a common practice to measure the Asymmetry factor as the
ratio of the distance between the vertical line connecting the peak
apex with the interpolated baseline and the peak front, and the dis-
tance between that line and the peak back measured at 10% of the
peak height (in Figure 2), it would be (W0.10–f0.10)/ f0.10. However,
for the purposes of USP, only the formula presented in the Glossary
of Symbols is valid.~USP32

BRIEFING

h643i Total Organic Carbon, USP 31 page 244, and page 720 of
PF 33(4) [July–Aug. 2007]. The Pharmaceutical Waters Expert Com-
mittee has reviewed the comments that were received from the In-
Process Revision. The comments have been incorporated into an ad-
ditional revision that is being made on the following topics: descrip-
tion of the TOC attribute, sampling location, Container Preparation,
concentration of the Standard Solution, on-line or off-line Water
Sample, and units for Response Efficiency.

(PW: G. Ritchie) RTS—C61911

Change to read:

Total organic carbon (TOC) is an indirect measure of organic mol-
ecules present in pharmaceutical waters measured as carbon. Organic
molecules are introduced into the water from the source water, from
purification and distribution system materials, and from biofilm
growing in the system. TOC can also be used as a process control
attribute to monitor the performance of unit operations comprising
the purification and distribution system.

&ATOC measurement is not a replacement test for endotoxin

or microbiological control. While there can be a qualitative re-

lationship between a food source (TOC) and microbiological

activity, there is no direct numerical correlation.&2S (USP32)

A number of acceptable methods exist for analyzing TOC. This
chapter does not limit or prevent alternative

&endorse, limit, or prevent any&2S (USP32)

technologies from being used, but

&this chapter&2S (USP32)

provides guidance on how to qualify these analytical technologies for
use as well as guidance on how to interpret instrument results for use
as a limit test. The Standard Solution is a theoretically easy-to-oxidize
solution that gives an instrument response at the attribute limit. The
analytical technology is qualified by challenging the capability of the
instrument using a theoretically difficult to oxidize solution in the sys-
tem suitability portion of the method.
Analytical technologies utilized to measure TOC share the objec-

tive of completely oxidizing the organic molecules in an aliquot of
sample water to carbon dioxide (CO2), measuring the resultant CO2

levels, and expressing this response as carbon concentration. All tech-
nologies must discriminate between the inorganic carbon, which may
be present in the water from sources such as dissolved CO2 and bi-
carbonate, and the CO2 generated from the oxidation of organic mol-
ecules in the sample.
Two general approaches are used to measure TOC. One approach

determines TOC by subtracting the measured inorganic carbon (IC)
from the measured total carbon (TC), which is the sum of organic
carbon and inorganic carbon:

TOC = TC – IC.

The other approach first purges the IC from the sample before any
carbon measurement is performed. However, this IC purging step also
purges some of the organic molecules, which can be retrapped, oxi-
dized to CO2, and quantitated as purgeable organic carbon (POC).
The remaining organic matter in the sample is also oxidized to CO2

and quantitated as nonpurgeable organic carbon (NPOC). In this ap-
proach, TOC is the sum of POC and NPOC:

TOC = POC + NPOC.
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In pharmaceutical waters, the amount of POC is negligible and can
be discounted. Therefore, for the purpose of this methodology, NPOC
is equivalent to TOC.

&TOC measurement technologies should discriminate the

inorganic carbon, which may be present in the water from

sources such as dissolved CO2 and bicarbonate, from any

CO2 which may be generated during the analysis of the organ-

ic components. In addition to other requirements listed below,

the System Suitability test is the challenge to the TOC &2S (USP31)

&Apparatus commonly used to determine TOC in water for

pharmaceutical use have in common the objective of oxidizing

the organic molecules in the water to produce carbon dioxide

followed by the measurement of the amount of carbon dioxide

produced. Then the amount of CO2 produced is determined

and used to calculate the organic carbon concentration in the

water.

All technologies must discriminate between the inorganic

carbon, which may be present in the water from sources such

as dissolved CO2 and bicarbonate, and the CO2 generated from

the oxidation of organic molecules in the sample. The discrim-

ination may be accomplished either by determining the inor-

ganic carbon and subtracting it from the total carbon, or by

purging inorganic carbon from the sample before oxidization.

While purging may entrain organic molecules, such purgeable

organic carbon is present in negligible quantities in water for

pharmaceutical use.

In addition to other requirements listed below, the System

Suitability test is the challenge to the TOC instrument.
&2S (USP32)

Change to read:

Apparatus Requirements—This test method is performed either
as an on-line test or as an off-line laboratory test using a calibrated
instrument.

&On-line TOC measurements for bulk-produced waters

such as Purified Water, Water for Injection, and Pure Steamcon-

densate have the advantage of providing real-time measure-

ments and opportunities for real-time process control and

decisions, in addition to recording the TOC quality attribute

for release of water to production. Due to the high purity of

these waters, off-line measurements of bulk waters have the

disadvantage of being impacted adversely by the sampling

method, sampling container, and uncontrollable environmen-

tal factors such as organic vapors. Because water production

could be a batch operation or a continuous operation, the na-

ture of the water production should be considered when deter-

mining if off- l ine or on-l ine measurement is to be

used.&2S (USP31)

The suitability of the apparatus must be periodically demonstrated
as described below. In addition, it must have a manufacturer’s spec-
ified limit of detection of 0.05 mg of carbon per L (0.05 ppm of car-
bon) or lower.

&For both on-line and off-line measurements, the appropri-

ateness of the instrument for quality control purposes is also

dependent on the sampling location(s) in the water system.

The selected sampling instrument location(s) must reflect the

quality of the water used. The nature of the water production

and use should be considered when selecting either off-line or

on-line measurement.&2S (USP32)

Change to read:

Glassware Preparation—

&Container Preparation—&2S (USP32)

Organic contamination of glassware

&containers&2S (USP32)

results in higher TOC values. Therefore, use glassware and sample

&labware and&2S (USP32)

containers that have been scrupulously cleaned of organic residues.
Any method that is effective in removing organic matter can be used
(see Cleaning Glass Apparatus h1051i). Use Reagent Water for the
final rinse.

Change to read:

Standard Solution—Unless otherwise directed in the individual
monograph, dissolve in the Reagent Water an accurately weighed
quantity of USP Sucrose RS, to obtain a solution having a concentra-
tion of about 1.2 mg

&1.19 mg&2S (USP32)

of sucrose per L (0.50 mg of carbon per L).

Delete the following:

&Test Solution—[NOTE—Use extreme caution when obtaining
samples for TOC analysis. Water samples can be easily contaminated
during the process of sampling and transportation to a testing facility.]
Collect the Test Solution in a tight container with minimal head space,
and test in a timely manner to minimize the impact of organic con-
tamination from the closure and container.

&FOR OFF-LINE TESTING—Use caution when obtaining sam-

ples for TOC analysis. Water samples can be easily contami-

nated during the process of sampling and transportation to a

testing facility. Collect the Test Solution in a tight container
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with minimal head space, and test in a timely manner to min-

imize the impact of organic contamination from the closure

and container.

FORON-LINETESTING—Use caution when connecting the on-

line TOCmeasurement system to the water production system.

The piping and measurement system may require substantial

time to rinse depending on many factors.&2S (USP31)&2S (USP32)

Add the following:

&Water Sample—Obtain an on-line or off-line sample that

suitably reflects the quality of water used.&2S (USP32)

Change to read:

Other Control Solutions—Prepare appropriate reagent blank so-
lutions or other specified solutions needed for establishing the appa-
ratus baseline or for calibration adjustments following the
manufacturer’s instructions, and run the appropriate blanks to zero
the instrument,

&if necessary.&2S (USP32)

Change to read:

System Suitability—Test the Reagent Water Control in the appa-
ratus, and record the response, rw. Repeat the test using the Standard
Solution, and record the response, rS. Calculate the corrected Stan-
dard Solution response, which is also the limit response, by subtract-
ing the Reagent Water Control response from the response of the
Standard Solution. The theoretical limit of 0.50 mg of carbon per L
is equal to the corrected Standard Solution response, rS – rw. Test the
System Suitability Solution in the apparatus, and record the response,
rss. Calculate the corrected System Suitability Solution response by
subtracting the Reagent Water Control response from the response
of the System Suitability Solution, rss – rw. Calculate the response ef-
ficiency

&percent Response Efficiency&2S (USP32)

for the System Suitability Solution by the formula:

100[(rss – rw) / (rS – rw)]

&% Response Efficiency = 100[(rSS – rW) / (rS – rW)]

where rS is the instrument response to the Standard Solution;

rSS is the instrument response to the System Suitability Solu-

tion; and rW is the instrument response to the Reagent Water

Control.&2S (USP32)

The system is suitable if the response efficiency

&percent Response Efficiency&2S (USP32)

is not less than 85% and not more than 115%. of the theoretical re-
sponse.

&

&2S (USP32)

Change to read:

Procedure—Perform the test on the Test Solution, and re-
cord the response, rU. The Test Solution meets the require-
ments if rU is not more than the limit response, rS – rw. This
method also can be performed alternatively using on-line
nstrumentation that has been appropriately calibrated, stan-
dardized, and has demonstrated acceptable system suitability.
The acceptability of such on-line instrumentation for quality
attribute testing is dependent on its location(s) in the water
system. These instrument location(s) and responses must re-
flect the quality of the water used

& meets the Apparatus Requirements. For both on-line and

off-line measurements, the suitability of instrumentation for

quality control testing is also dependent on the sampling loca-

tion(s) in the water system. The selected sampling location(s)

must reflect the quality of the water used.&2S (USP31)

&Perform the test on the Water Sample, and record the re-

sponse, rU. The Water Sample meets the requirements if rU is

not more than the limit response, rS – rW. This method can be

performed using on-line or off-line instrumentation that meets

the Apparatus Requirements.&2S (USP32)

BRIEFING

h711i Dissolution, USP 31 page 267, and page 626 of PF 33(4)
[July–Aug. 2007]. The Biopharmaceutics Expert Committee (BPC
EC) proposes the removal of the use of USP Salicylic Acid Tablets
RS from the Performance Verification Test (PVT) for test assemblies
using Apparatus 1 (Basket Apparatus) and Apparatus 2 (Paddle Ap-
paratus). The deletion of USP Salicylic Acid Tablets RS from Dis-
solution h711i has an intended implementation date of December 1,
2009, which is the official date of the Second Supplement to USP 32.
A study published on page 1120 of PF 26(4) [July–Aug. 2000] in-

dicated that the results of performance verification using Salicylic Ac-
id Tablets offered no unique sensitivity beyond that available from
other reference materials. Further comment questioned the value of
any PVT, where mechanical calibration was available to control in-
strument-related contributions to the variability of the results of the
dissolution testing. In response, the BPC EC initiated an evaluation of
the value of USP reference materials, including Salicylic Acid Tablets
in the PVT.
Extensive work on the sources of variability in dissolution testing

using Prednisone Tablets, Lot P0E203 was performed and published
by the USP Dosage Forms Performance Laboratory (DFPL). These
studies demonstrated that the variability of results and thus the mag-
nitude of the range specified in the technical data sheet for Prednisone
Tablets was due primarily to inter-lab operational differences, and
less to the tablets themselves, which had only a small contribution.
USP concluded that a PVT can add value relative to mechanical cal-
ibration alone, and that a sensitive PVT probe will assess the overall
performance of the dissolution assembly (e.g., stirring element, heat-
ing element, vessel, environmental conditions) without being a major
contributor to the variability. By that measure, USP Salicylic Acid
Tablets RS were evaluated to be less valuable for the PVT of test as-
semblies, due to the lower variability in results relative to Prednisone
Tablets under a wide range of test conditions. The data were reviewed
by the BPC EC, which subsequently approved the deletion of Salicyl-
ic Acid Tablets from the PVT, as described in Dissolution h711i.
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In recognition of the anticipated effects on laboratories that elimi-
nation of these tablets will have, this change is presented as an In-
Process Revision, allowing considerable advance notice for affected
parties.
Control of the results from the dissolution test assemblies requires

recognition of the contributions of trueness, as well as precision to
generated data. Starting with USP Prednisone Tablets, Lot Q, the re-
sults of the PVT for Apparatus 1 and Apparatus 2 will be evaluated
based on the mean (trueness) and standard deviation (precision) of the
data generated. This approach will provide greater control of the dis-
solution test assembly for the laboratory. A Stimuli to the Revision
Process article by Walter W. Hauck et al. on page 574 of PF 33(3)
[May–June 2007] presented early notification of analysis that led to
this approach.

(BPC: W. Brown) RTS—C62777

Change to read:

h711i DISSOLUTION
This general chapter is harmonized with the corresponding texts of

the European Pharmacopoeia and/or the Japanese Pharmacopoeia.
These pharmacopeias have undertaken not to make any unilateral
change to this harmonized chapter.
Portions of the present general chapter text that are national USP

text, and therefore not part of the harmonized text, are marked with
symbols (^^) to specify this fact.
This test is provided to determine compliance with the dissolution

requirements ^where stated in the individual monograph^ for dosage
forms administered orally. In this general chapter, a dosage unit is
defined as 1 tablet or 1 capsule or the amount specified. ^Of the types
of apparatus described herein, use the one specified in the individual
monograph. Where the label states that an article is enteric-coated,
and where a dissolution or disintegration test that does not specifical-
ly state that it is to be applied to delayed-release articles is included in
the individual monograph, the procedure and interpretation given for
Delayed-Release Dosage Forms is applied unless otherwise specified
in the individual monograph. For hard or soft gelatin capsules and
gelatin-coated tablets that do not conform to the Dissolution specifi-
cation, repeat the test as follows. Where water or a medium with a pH
of less than 6.8 is specified as the Medium in the individual mono-
graph, the same Medium specified may be used with the addition of
purified pepsin that results in an activity of 750,000 Units or less per
1000 mL. For media with a pH of 6.8 or greater, pancreatin can be
added to produce not more than 1750 USP Units of protease activity
per 1000 mL.

Change to read:

USP Reference Standards h11i—USP Chlorpheniramine Male-
ate Extended-Release Tablets RS. USP Prednisone Tablets RS. USP
Salicylic Acid Tablets RS.
&

&2S (USP32)

^

Change to read:

APPARATUS

Apparatus 1 (Basket Apparatus)

The assembly consists of the following: a vessel, which may be
covered, made of glass or other inert, transparent material1; a motor;
a metallic drive shaft; and a cylindrical basket. The vessel is partially
immersed in a suitable water bath of any convenient size or heated by
a suitable device such as a heating jacket. The water bath or heating
device permits holding the temperature inside the vessel at 37+ 0.58
during the test and keeping the bath fluid in constant, smooth motion.
No part of the assembly, including the environment in which the as-
sembly is placed, contributes significant motion, agitation, or vibra-
tion beyond that due to the smoothly rotating stirring element. An
apparatus that permits observation of the specimen and stirring ele-
ment during the test is preferable. The vessel is cylindrical, with a
hemispherical bottom and ^with one of the following dimensions
and capacities: for a nominal^ capacity of 1 L, the height is 160
mm to 210 mm and its inside diameter is 98 mm to 106 mm; ^for
a nominal capacity of 2 L, the height is 280 mm to 300 mm and its
inside diameter is 98 mm to 106 mm; and for a nominal capacity of 4
L, the height is 280 mm to 300 mm and its inside diameter is 145 mm
to 155 mm^. Its sides are flanged at the top. A fitted cover may be
used to retard evaporation.2 The shaft is positioned so that its axis is
not more than 2 mm at any point from the vertical axis of the vessel
and rotates smoothly and without significant wobble that could affect
the results. A speed-regulating device is used that allows the shaft
rotation speed to be selected and maintained at the specified rate ^gi-
ven in the individual monograph,^ within +4%.
Shaft and basket components of the stirring element are fabricated

of stainless steel, type 316, or other inert material, to the specifica-
tions shown in Figure 1. A basket having a gold coating of about
0.0001 inch (2.5 mm) thick may be used. A dosage unit is placed in
a dry basket at the beginning of each test. The distance between the
inside bottom of the vessel and the bottom of the basket is maintained
at 25+ 2 mm during the test.

1 The materials should not sorb, react, or interfere with the specimen being
tested.
2 If a cover is used, it provides sufficient openings to allow ready insertion of
the thermometer and withdrawal of specimens.
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Figure 1. Basket Stirring Element

Apparatus 2 (Paddle Apparatus)

Use the assembly from Apparatus 1, except that a paddle formed
from a blade and a shaft is used as the stirring element. The shaft is
positioned so that its axis is not more than 2 mm from the vertical axis
of the vessel at any point and rotates smoothly without significant
wobble that could affect the results. The vertical center line of the
blade passes through the axis of the shaft so that the bottom of the
blade is flush with the bottom of the shaft. The paddle conforms to
the specifications shown in Figure 2. The distance of 25+ 2 mm be-
tween the bottom of the blade and the inside bottom of the vessel is
maintained during the test. The metallic or suitably

inert, rigid blade and shaft comprise a single entity. A suitable two-
part detachable design may be used provided the assembly remains
firmly engaged during the test. The paddle blade and shaft may be
coated with a suitable coating so as to make them inert. The dosage
unit is allowed to sink to the bottom of the vessel before rotation of
the blade is started. A small, loose piece of nonreactive material, such
as not more than a few turns of wire helix, may be attached to dosage
units that would otherwise float. An alternative sinker device is
shown in Figure 2a. Other validated sinker devices may be used.
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Figure 2. Paddle Stirring Element

Figure 2a. Alternative sinker. All dimensions are expressed in mm.
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Apparatus 3 (Reciprocating Cylinder)

NOT ACCEPTED BY THE JAPANESE PHARMACOPOEIA

The assembly consists of a set of cylindrical, flat-bottomed glass
vessels; a set of glass reciprocating cylinders; inert fittings (stainless
steel type 316 or other suitable material), and screens that are made of
suitable nonsorbing and nonreactive material and that are designed to
fit the tops and bottoms of the reciprocating cylinders; and a motor
and drive assembly to reciprocate the cylinders vertically inside the
vessels and, if desired, index the reciprocating cylinders horizontally
to a different row of vessels. The vessels are partially immersed in a
suitable water bath of any convenient size that permits holding the
temperature at 37+ 0.58 during the test. No part of the assembly, in-
cluding the environment in which the assembly is placed, contributes
significant motion, agitation, or vibration beyond that due to the
smooth, vertically reciprocating cylinder. A device is used that allows
the reciprocation rate to be selected and maintained at the specified
dip rate ^given in the individual monograph^ within + 5%. An ap-
paratus that permits observation of the specimens and reciprocating
cylinders is preferable. The vessels are provided with an evaporation
cap that remains in place for the duration of the test. The components
conform to the dimensions shown in Figure 3 unless otherwise spec-
ified ^in the individual monograph^.

Figure 3. Apparatus 3 (reciprocating cylinder)

Apparatus 4 (Flow-Through Cell)

The assembly consists of a reservoir and a pump for the Dissolu-
tion Medium; a flow-through cell; and a water bath that maintains the
Dissolution Medium at 37+ 0.58. Use the specified cell size ^as gi-
ven in the individual monograph^.

The pump forces the Dissolution Medium upwards through the
flow-through cell. The pump has a delivery range between 240 and
960 mL per hour, with standard flow rates of 4, 8, and 16 mL per
minute. It must deliver a constant flow (+5% of the nominal flow
rate); the flow profile is sinusoidal with a pulsation of 120+ 10 pul-
ses per minute.
The flow-through cell (see Figures 4 and 5), of transparent and in-

ert material, is mounted vertically with a filter system (specified in the
individual monograph) that prevents escape of undissolved particles
from the top of the cell; standard cell diameters are 12 and 22.6 mm;
the bottom cone is usually filled with small glass beads of about 1-
mm diameter with one bead of about 5 mm positioned at the apex to
protect the fluid entry tube; and a tablet holder (see Figures 4 and 5) is
available for positioning of special dosage forms, for example, inlay
tablets. The cell is immersed in a water bath, and the temperature is
maintained at 37+ 0.58.

Figure 4. Large cell for tablets and capsules (top) Tablet holder for the
large cell (bottom) (All measurements are expressed in mm unless

noted otherwise.)
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Figure 5. Small cell for tablets and capsules (top) Tablet holder for the
small cell (bottom) (All measurements are expressed in mm unless

noted otherwise.)

The apparatus uses a clamp mechanism and two O-rings to assem-
ble the cell. The pump is separated from the dissolution unit in order
to shield the latter against any vibrations originating from the pump.
The position of the pump should not be on a level higher than the
reservoir flasks. Tube connections are as short as possible. Use suit-
ably inert tubing, such as polytef, with about 1.6-mm inner diameter
and chemically inert flanged-end connections.

APPARATUS SUITABILITY

The determination of suitability of a test assembly to perform dis-
solution testing must include conformance to the dimensions and tol-
erances of the apparatus as given above. In addition, critical test
parameters that have to be monitored periodically during use include
volume and temperature of the Dissolution Medium, rotation speed
(Apparatus 1 and Apparatus 2), dip rate (Apparatus 3), and flow rate
of medium (Apparatus 4).
Determine the acceptable performance of the dissolution test as-

sembly periodically. ^The suitability for the individual apparatus is
demonstrated by the .Performance Verification.4 Test.
Performance Verification Test, Apparatus 1 and 2—Individual-

ly test 1 tablet of the

&Test&2S (USP32)

USP Prednisone Tablets RS and 1 tablet of USP Salicylic Acid Tab-
lets RS,

&

&2S (USP32)

according to the operating conditions specified. The apparatus is suit-
able if the results obtained are within the acceptable range stated in
the certificate for that Reference Standard tablet in the apparatus
tested.

&technical data sheet specific to the lot used and the apparatus

tested.&2S (USP32)

Performance Verification Test, Apparatus 3—Individually test 1
tablet of the

&Test&2S (USP32)

USP Chlorpheniramine Maleate Extended-Release Tablets RS ac-
cording to the operating conditions specified. The apparatus is suit-
able if the results obtained are within the acceptable range stated in
the certificate

&technical data sheet specific to the lot used.&2S (USP32)

Performance Verification Test, Apparatus 4—[To come.]^

PROCEDURE

Apparatus 1 and Apparatus 2

IMMEDIATE-RELEASE DOSAGE FORMS

Place the stated volume of the Dissolution Medium (+1%) in the
vessel of the specified apparatus ^given in the individual mono-
graph^, assemble the apparatus, equilibrate the Dissolution Medium
to 37+ 0.58, and remove the thermometer. Place 1 dosage unit in the
apparatus, taking care to exclude air bubbles from the surface of the
dosage unit, and immediately operate the apparatus at the specified
rate ^given in the individual monograph^. Within the time interval
specified, or at each of the times stated, withdraw a specimen from
a zone midway between the surface of the Dissolution Medium and
the top of the rotating basket or blade, not less than 1 cm from the
vessel wall. [NOTE—Where multiple sampling times are specified, re-
place the aliquots withdrawn for analysis with equal volumes of fresh
Dissolution Medium at 378 or, where it can be shown that replacement
of the medium is not necessary, correct for the volume change in the
calculation. Keep the vessel covered for the duration of the test, and
verify the temperature of the mixture under test at suitable times.] Per-
form the analysis ^as directed in the individual monograph^ using a
suitable assay method.3 Repeat the test with additional dosage form
units.
If automated equipment is used for sampling or the apparatus is

otherwise modified, verification that the modified apparatus will pro-
duce results equivalent to those obtained with the standard apparatus
described in this general chapter is necessary.

Dissolution Medium—A suitable dissolution medium is used.
Use the solvent specified ^in the individual monograph^. The vol-
ume specified refers to measurements made between 208 and 258.
If the Dissolution Medium is a buffered solution, adjust the solution
so that its pH is within 0.05 unit of the specified pH ^given in the
individual monograph^. [NOTE—Dissolved gases can cause bubbles
to form, which may change the results of the test. If dissolved gases
influence the dissolution results, dissolved gases should be removed
prior to testing.4]

3 Test specimens are filtered immediately upon sampling unless filtration is
demonstrated to be unnecessary. Use an inert filter that does not cause adsorp-
tion of the active ingredient or contain extractable substances that would in-
terfere with the analysis.
4 One method of deaeration is as follows: Heat the medium, while stirring
gently, to about 418, immediately filter under vacuum using a filter having a
porosity of 0.45 mm or less, with vigorous stirring, and continue stirring under
vacuum for about 5 minutes. Other validated deaeration techniques for remov-
al of dissolved gases may be used.
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Time—Where a single time specification is given, the test may be
concluded in a shorter period if the requirement for minimum amount
dissolved is met. Specimens are to be withdrawn only at the stated
times within a tolerance of +2%.

^Procedure for a Pooled Sample for Immediate-Release Dos-
age Forms—Use this procedure where Procedure for a Pooled Sam-
ple is specified in the individual monograph. Proceed as directed in
Procedure for Apparatus 1 and Apparatus 2 in Immediate-Release
Dosage Forms. Combine equal volumes of the filtered solutions of
the six or twelve individual specimens withdrawn, and use the pooled
sample as the test specimen. Determine the average amount of the
active ingredient dissolved in the pooled sample.^

EXTENDED-RELEASE DOSAGE FORMS

Proceed as directed for Immediate-Release Dosage Forms.

Dissolution Medium—Proceed as directed for Immediate-Release
Dosage Forms.

Time—The test-time points, generally three, are expressed in
hours.

DELAYED-RELEASE DOSAGE FORMS

NOT ACCEPTED BY THE JAPANESE PHARMACOPOEIA

Use Method A or Method B and the apparatus specified ^in the in-
dividual monograph^. All test times stated are to be observed within a
tolerance of + 2%, unless otherwise specified.

Method A—

Procedure ^(unless otherwise directed in the individual mono-
graph)^—

ACID STAGE—Place 750 mL of 0.1N hydrochloric acid in the ves-
sel, and assemble the apparatus. Allow the medium to equilibrate to a
temperature of 37+ 0.58. Place 1 dosage unit in the apparatus, cover
the vessel, and operate the apparatus at the specified rate ^given in the
monograph^.
After 2 hours of operation in 0.1N hydrochloric acid, withdraw an

aliquot of the fluid, and proceed immediately as directed under Buffer
Stage.
Perform an analysis of the aliquot using a suitable assay method.

^The procedure is specified in the individual monograph.^
BUFFER STAGE—[NOTE—Complete the operations of adding the

buffer and adjusting the pH within 5 minutes.]
With the apparatus operating at the rate specified ^in the mono-

graph^, add to the fluid in the vessel 250 mL of 0.20M tribasic so-
dium phosphate that has been equilibrated to 37+ 0.58. Adjust, if
necessary, with 2N hydrochloric acid or 2N sodium hydroxide to a
pH of 6.8+ 0.05. Continue to operate the apparatus for 45 minutes,
or for the specified time ^given in the individual monograph^. At the
end of the time period, withdraw an aliquot of the fluid, and perform
the analysis using a suitable assay method. ^The procedure is speci-
fied in the individual monograph. The test may be concluded in a
shorter time period than that specified for the Buffer Stage if the re-
quirement for the minimum amount dissolved is met at an earlier
time.^
Method B—

Procedure ^(unless otherwise directed in the individual mono-
graph)^—

ACID STAGE—Place 1000 mL of 0.1N hydrochloric acid in the ves-
sel, and assemble the apparatus. Allow the medium to equilibrate to a
temperature of 37+ 0.58. Place 1 dosage unit in the apparatus, cover
the vessel, and operate the apparatus at the rate specified ^in the
monograph^. After 2 hours of operation in 0.1N hydrochloric acid,
withdraw an aliquot of the fluid, and proceed immediately as directed
under Buffer Stage.
Perform an analysis of the aliquot using a suitable assay method.

^The procedure is specified in the individual monograph.^

BUFFER STAGE—[NOTE—For this stage of the procedure, use buffer
that previously has been equilibrated to a temperature of 37+ 0.58.]
Drain the acid from the vessel, and add to the vessel 1000 mL of pH
6.8 phosphate buffer, prepared by mixing 0.1 N hydrochloric acid
with 0.20M tribasic sodium phosphate (3 : 1) and adjusting, if neces-
sary, with 2N hydrochloric acid or 2N sodium hydroxide to a pH of
6.8+ 0.05. [NOTE—This may also be accomplished by removing
from the apparatus the vessel containing the acid and replacing it with
another vessel containing the buffer and transferring the dosage unit
to the vessel containing the buffer.]
Continue to operate the apparatus for 45 minutes, or for the spec-

ified time ^given in the individual monograph^. At the end of the
time period, withdraw an aliquot of the fluid, and perform the analysis
using a suitable assay method. ^The procedure is specified in the in-
dividual monograph. The test may be concluded in a shorter time pe-
riod than that specified for the Buffer Stage if the requirement for
minimum amount dissolved is met at an earlier time.^

Apparatus 3 (Reciprocating Cylinder)

NOT ACCEPTED BY THE JAPANESE PHARMACOPOEIA

IMMEDIATE-RELEASE DOSAGE FORMS

Place the stated volume of the Dissolution Medium in each vessel
of the apparatus, assemble the apparatus, equilibrate the Dissolution
Medium to 37+ 0.58, and remove the thermometer. Place 1 dosage-
form unit in each of the six reciprocating cylinders, taking care to ex-
clude air bubbles from the surface of each dosage unit, and immedi-
ately operate the apparatus as specified ^in the individual
monograph^. During the upward and downward stroke, the recipro-
cating cylinder moves through a total distance of 9.9 to 10.1 cm.
Within the time interval specified, or at each of the times stated, raise
the reciprocating cylinders and withdraw a portion of the solution un-
der test from a zone midway between the surface of the Dissolution
Medium and the bottom of each vessel. Perform the analysis as direct-
ed ^in the individual monograph^. If necessary, repeat the test with
additional dosage-form units.

Dissolution Medium—Proceed as directed for Immediate-Release
Dosage Forms under Apparatus 1 and Apparatus 2.

Time—Proceed as directed for Immediate-Release Dosage Forms
under Apparatus 1 and Apparatus 2.

EXTENDED-RELEASE DOSAGE FORMS

Proceed as directed for Immediate-Release Dosage Forms under
Apparatus 3.

Dissolution Medium—Proceed as directed for Extended-Release
Dosage Forms under Apparatus 1 and Apparatus 2.

Time—Proceed as directed for Extended-Release Dosage Forms
under Apparatus 1 and Apparatus 2.

DELAYED-RELEASE DOSAGE FORMS

Proceed as described for Delayed-Release Dosage Forms, Method
B under Apparatus 1 and Apparatus 2 using one row of vessels for
the acid stage media and the following row of vessels for the buffer
stage media and using the volume of medium specified (usually 300
mL).

Time—Proceed as directed for Immediate-Release Dosage Forms
under Apparatus 1 and Apparatus 2.
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Apparatus 4 (Flow-Through Cell)

IMMEDIATE-RELEASE DOSAGE FORMS

Place the glass beads into the cell specified ^in the monograph^.
Place 1 dosage unit on top of the beads or, if specified ^in the mono-
graph^, on a wire carrier. Assemble the filter head, and fix the parts
together by means of a suitable clamping device. Introduce by the
pump the Dissolution Medium warmed to 37+ 0.58 through the bot-
tom of the cell to obtain the flow rate specified ^in the individual
monograph^ and measured with an accuracy of 5%. Collect the elu-
ate by fractions at each of the times stated. Perform the analysis as
directed ^in the individual monograph^. Repeat the test with addi-
tional dosage-form units.

Dissolution Medium—Proceed as directed for Immediate-Release
Dosage Forms under Apparatus 1 and Apparatus 2.

Time—Proceed as directed for Immediate-Release Dosage Forms
under Apparatus 1 and Apparatus 2.

EXTENDED-RELEASE DOSAGE FORMS

Proceed as directed for Immediate-Release Dosage Forms under
Apparatus 4.

Dissolution Medium—Proceed as directed for Immediate-Release
Dosage Forms under Apparatus 4.

Time—Proceed as directed for Immediate-Release Dosage Forms
under Apparatus 4.

DELAYED-RELEASE DOSAGE FORMS

Proceed as directed for Delayed-Release Dosage Forms under Ap-
paratus 1 and Apparatus 2, using the specified media.

Time—Proceed as directed for Delayed-Release Dosage Forms
under Apparatus 1 and Apparatus 2.

INTERPRETATION

Immediate-Release Dosage Forms

Unless otherwise specified ^in the individual monograph^, the re-
quirements are met if the quantities of active ingredient dissolved
from the dosage units tested conform to Acceptance Table 1. Contin-
ue testing through the three stages unless the results conform at either
S1 or S2. The quantity, Q, is the amount of dissolved active ingredient
^specified in the individual monograph^, expressed as a percentage
of the labeled content of the dosage unit; the 5%, 15%, and 25% val-
ues in Acceptance Table 1 are percentages of the labeled content so
that these values and Q are in the same terms.

Acceptance Table 1

Stage
Number
Tested Acceptance Criteria

S1 6 Each unit is not less than Q + 5%.
S2 6 Average of 12 units (S1 + S2) is equal to or

greater than Q, and no unit is less than
Q – 15%.

S3 12 Average of 24 units (S1 + S2 + S3) is equal to
or greater than Q, not more than 2 units
are less than Q – 15%, and no unit is less
than Q – 25%.

^Immediate-Release Dosage Forms Pooled Sample—Unless
otherwise specified in the individual monograph, the requirements
are met if the quantities of active ingredient dissolved from the pooled
sample conform to the accompanying Acceptance Table for a Pooled
Sample. Continue testing through the three stages unless the results
conform at either S1 or S2. The quantity, Q, is the amount of dissolved
active ingredient specified in the individual monograph, expressed as
a percentage of the labeled content. ^

Acceptance Table for a Pooled Sample

Stage
Number
Tested Acceptance Criteria

S1 6 Average amount dissolved is not less than Q
+ 10%.

S2 6 Average amount dissolved (S1 + S2) is equal
to or greater than Q + 5%.

S3 12 Average amount dissolved (S1 + S2 + S3) is
equal to or greater than Q.

Extended-Release Dosage Forms

Unless otherwise specified ^in the individual monograph^, the re-
quirements are met if the quantities of active ingredient dissolved
from the dosage units tested conform to Acceptance Table 2. Contin-
ue testing through the three levels unless the results conform at either
L1 or L2. Limits on the amounts of active ingredient dissolved are ex-
pressed in terms of the percentage of labeled content. The limits em-
brace each value of Qi, the amount dissolved at each specified
fractional dosing interval. Where more than one range is specified
^in the individual monograph^, the acceptance criteria apply individ-
ually to each range.

Acceptance Table 2

Level

Num-
ber

Tested Criteria

L1 6 No individual value lies outside each of the stat-
ed ranges and no individual value is less than
the stated amount at the final test time.

L2 6 The average value of the 12 units (L1 + L2) lies
within each of the stated ranges and is not less
than the stated amount at the final test time;
none is more than 10% of labeled content out-
side each of the stated ranges; and none is
more than 10% of labeled content below the
stated amount at the final test time.

L3 12 The average value of the 24 units (L1 + L2 + L3)
lies within each of the stated ranges, and is not
less than the stated amount at the final test
time; not more than 2 of the 24 units are more
than 10% of labeled content outside each of
the stated ranges; not more than 2 of the 24
units are more than 10% of labeled content
below the stated amount at the final test time;
and none of the units is more than 20% of la-
beled content outside each of the stated rang-
es or more than 20% of labeled content below
the stated amount at the final test time.
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Delayed-Release Dosage Forms

NOT ACCEPTED BY THE JAPANESE PHARMACOPOEIA.

Acid Stage—Unless otherwise specified ^in the individual mono-
graph^, the requirements of this portion of the test are met if the quan-
tities, based on the percentage of the labeled content, of active
ingredient dissolved from the units tested conform to Acceptance Ta-
ble 3. Continue testing through all levels unless the results of both
acid and buffer stages conform at an earlier level.

Acceptance Table 3

Level
Number
Tested Criteria

A1 6 No individual value exceeds 10% dissolved.
A2 6 Average of the 12 units (A1 + A2) is not more

than 10% dissolved, and no individual
unit is greater than 25% dissolved.

A3 12 Average of the 24 units (A1 + A2 + A3) is not
more than 10% dissolved, and no individ-
ual unit is greater than 25% dissolved.

Buffer Stage—Unless otherwise specified ^in the individual
monograph^, the requirements are met if the quantities of active in-
gredient dissolved from the units tested conform to Acceptance Table
4. Continue testing through the three levels unless the results of both
stages conform at an earlier level. The value ofQ in Acceptance Table
4 is 75% dissolved unless otherwise specified ^in the individual
monograph^. The quantity, Q, ^specified in the individual mono-
graph^ is the total amount of active ingredient dissolved in both
the Acid and Buffer Stages, expressed as a percentage of the labeled
content. The 5%, 15%, and 25% values in Acceptance Table 4 are
percentages of the labeled content so that these values and Q are in
the same terms.

Acceptance Table 4

Level
Number
Tested Criteria

B1 6 Each unit is not less than Q + 5%.
B2 6 Average of 12 units (B1 + B2) is equal to or

greater than Q, and no unit is less than Q
– 15%.

B3 12 Average of 24 units (B1 + B2 + B3) is equal to
or greater than Q, not more than 2 units
are less than Q – 15%, and no unit is less
than Q – 25%.

BRIEFING

h785i Osmolality and Osmolarity, USP 31 page 307 and page
157 of PF 34(1) [Jan.–Feb. 2008]. On the basis of comments re-
ceived, it is proposed to make two revisions in the section Measure-
ment of Osmolality.
1. Further clarify the use of the Standard Solution for verification

of calibration.
2. Add a note explaining how to calculate osmolality from a freez-

ing point depression reading.

(GC: H. Pappa) RTS—C64997; C65290

Change to read:

MEASUREMENT OF OSMOLALITY

The osmolality of a solution is commonly determined by the mea-
surement of the freezing point depression of the solution.

Apparatus—The apparatus, an osmometer for freezing point de-
pression measurement, consists of the following: a means of cooling
the container used for the measurement; a resistor sensitive to temper-
ature (thermistor), with an appropriate current- or potential-difference
measurement device that may be graduated in temperature change or
in osmolality; and a means of mixing the sample.
Osmometers that measure the vapor pressures of solutions are less

frequently employed. They require a smaller volume of specimen
(generally about 5 mL), but the accuracy and precision of the resulting
osmolality determination are comparable to those obtained by the use
of osmometers that depend upon the observed freezing points of so-
lutions.

Standard Solutions—Prepare Standard Solutions as specified in
Table 1, as necessary.

Test Solution—For a solid for injection, constitute with the appro-
priate diluent as specified in the instructions on the labeling. For so-
lutions, use the sample as is. [NOTE—A solution can be diluted to
bring it within the range of measurement of the osmometer, if neces-
sary, but the results must be expressed as that of the diluted solution
and must NOT be multiplied by a dilution factor to calculate the os-
molality of the original solution, unless otherwise indicated in the
monograph. The molal osmotic coefficient is a function of concentra-
tion. Therefore, it changes with dilution.]

Table 1. Standard Solutions for Osmometer Calibration*

Standard Solutions
(Weight in g of sodium chloride

per kg of water)

Osmolality
(mOsmol/kg)

(�m)

Molal Osmotic
Coefficient
(�m, NaCl)

Freezing Point
Depression (8)

DTf

3.087 100 0.9463 0.186
6.260 200 0.9337 0.372
9.463 300 0.9264 0.558
12.684 400 0.9215 0.744
15.916 500 0.9180 0.930
19.147 600 0.9157 1.116
22.380 700 0.9140 1.302

* Adapted from the European Pharmacopoeia, 4th Edition, 2002, p. 50.
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Procedure—First, calibrate the instrument by the manufacturer’s
instructions. Confirm the instrument calibration with at least two so-
lutions

&one solution&2S (USP32)

from Table 1 such that the osmolalities of the Standard Solutions span
the expected range of osmolality of the Test Solution

&the osmolality of the Standard Solution lies within 50 mOs-

mol/kg of the expected value of the test solution or the center

of the expected range of osmolality of the Test Solution.
&2S (USP32)

The instrument reading should be within +2 mOsmol/kg

&+4 mOsmol per kg&2S (USP32)

from the Standard Solution. (over the standard range of 100 to 700
mOsmol/kg).

&

&2S (USP32)

Introduce an appropriate volume of each Standard Solution into the
measurement cell as in the manufacturer’s instructions, and start the
cooling system. Usually, the mixing device is programmed to operate
at a temperature below the lowest temperature expected from the
freezing point depression. The apparatus indicates when the equilib-
rium is attained. Calibrate

&If necessary, calibrate&2S (USP32)

the osmometer, using an appropriate adjustment device such that the
reading corresponds to either the osmolality or freezing point depres-
sion value of the Standard Solution shown in Table 1. [NOTE—Some
instruments indicate osmolality and some others show freezing point
depression.

&If the instrument reading indicates the freezing point depres-

sion, the osmolality can be derived by using the appropriate

formula under Osmolality.]&2S (USP32)

Before each measurement, rinse the measurement cell at least twice
with the solution to be tested.

&

&2S (USP32)

Repeat the procedure with each Test Solution. Read the osmolality of
the Test Solution directly, or calculate it from the measured freezing
point depression.
Assuming that the value of the osmotic coefficient is essentially the

same whether the concentration is expressed in molality or molarity,
the experimentally determined osmolality of a solution can be con-
verted to osmolarity in the same manner in which the concentration
of a solution is converted from molality to molarity. Unless a solution
is very concentrated, the osmolarity of a solution (�c) can be calculat-
ed from its experimentally determined osmolality (�m):

�c = 1000�m / (1000 / r + Swi�i)

where wi is the weight in g; and �i is the partial specific volume, in mL
per g, of the ith solute. The partial specific volume of a solute is the
change in volume of a solution when an additional 1 g of solute is
dissolved in the solution. This volume can be determined by the mea-
surement of densities of the solution before and after the addition of
the solute. The partial specific volumes of salts are generally very
small, around 0.1 mL per g. However, those of other solutes are gen-
erally higher. For example, the partial specific volumes of amino ac-
ids are in the range of 0.6–0.9 mL per g. It can be shown from the
above equation correlating osmolarity with osmolality that,

�c = �m (r – c)

where r is the density of the solution, and c is the total solute con-
centration, both expressed in g per mL. Thus, alternatively, the osmo-
larity can also be calculated from experimentally determined
osmolality from the measurement of density of the solution by a suit-
able method and the total weight of the solute, after correction for
water content, dissolved per mL of the solution.

BRIEFING

h853i Fluorescence Spectroscopy. This new chapter on fluores-
cence spectroscopy is being proposed by the General Chapters Expert
Committee Advisory Panel on Spectroscopy. The advisory panel re-
commended updating general chapter Spectrophotometry and Light-
Scattering h851i considered by the panel to be the gateway to other
spectroscopy chapters by eliminating the fluorescence topic of the
chapter and replacing it with this technique-specific chapter. In order
to better describe modern instruments and techniques, the advisory
panel proposes this new chapter. In addition, the advisory panel pro-
poses draft chapters on mid-infrared and UV-Visible spectroscopy
that also appear in this edition of Pharmacopeial Forum. This new
chapter follows an established effort to broaden and update the gen-
eral chapters already in USP. This general chapter is based on a doc-
ument written by Paul C. DeRose. The advisory panel is grateful for
the receipt of this document.

(GC: G. Ritchie) RTS—C59983

Add the following:

&h853i FLUORESCENCE
SPECTROSCOPY

INTRODUCTION

Fluorescence is a two-step process that requires an initial ab-

sorption of light, followed by emission. [NOTE—Many terms

and variables used in this general chapter are explained in

the Definition of Terms at its conclusion.] Fluorescence spec-

troscopy is an electronic spectroscopic technique related to ul-

traviolet-visible-near infrared (UV-vis-NIR) absorption

spectroscopy, but it also is a background-free technique that

involves light emitted from the sample in all directions, as is

the case with Raman spectroscopy. The initial absorption of a

photon by a molecule in the sample promotes an electron to an

excited state. The excited electron returns to the ground elec-

tronic state by emitting a photon. If the emission arises from an

‘‘allowed’’ transition that typically has a short lifetime be-

tween 1 ns and 10 ns, then it is called fluorescence. If the em-

ission arises from a ‘‘forbidden’’ transition that typically has a

long lifetime between 1 ms and 1 s, then it is called phospho-

rescence.Under similar conditions phosphorescence usually is
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less intense than fluorescence. This general chapter specifical-

ly discusses fluorescence spectroscopy, but many points raised

here also apply to phosphorescence. The basic concepts be-

hind fluorescence spectroscopy have been well-established,

but its applications and standardization are still expanding

and progressing, making it a developing, not yet mature, tech-

nique.

Figure 1. Fluorescence excitation and emission spectra for

fluorescein in borate buffer. The wavelength axis shows

excitation and emission wavelength.

The most common type of fluorescent sample is a dilute,

transparent solution that absorbs light following the Beer-

Lambert law and that emits a corresponding fluorescence in-

tensity directly proportional to the concentration, the absorp-

tivity, and the fluorescence quantum yield of the fluorescent

species or fluorophore. A conventional fluorescence spectrom-

eter has both excitation and emission wavelength selectors,

and a spectrum is collected by fixing the wavelength of one

of the selectors and scanning the other wavelength selector o-

ver a range. When the excitation wavelength is fixed and the

emission wavelength is scanned, the resulting spectrum is

termed an emission spectrum. When the emission wavelength

is fixed and the excitation wavelength is scanned, the resulting

spectrum is termed an excitation spectrum (Figure 1). The

fluorescence spectrum is plotted as relative intensity or count-

ed photons of fluorescence versus wavelength. The appear

ance of a fluorescence spectrum is much like a UV-vis-NIR

absorption spectrum. In fact, the shape or contour of an exci-

tation spectrum often is identical to that of the corresponding

absorption spectrum for an organic dye in solution over the

same wavelength range.

Polyatomic fluorophores in condensed media (e.g., solu-

tions, thin films, and solids at room temperature) exist in the

ground or excited electronic state in a broad distribution of vi-

brational energy levels, which causes homogeneous broaden-

ing of excitation or emission spectra, respectively. A

microenvironment or shell also surrounds each fluorophore

in condensed media, and differences in the structure of this

shell between individual fluorophores cause inhomogeneous

broadening. These two types of broadening cause fluorescence

spectra to be broader than some other types of spectra (e.g.,

mid-infrared or Raman spectra); the typical width of a fluores-

cence band is between 10 nm and 100 nm. Once electronically

excited, a polyatomic fluorophore experiences vibrational re-

laxation before emitting a photon, causing a red shift, or

Stokes shift, of the fluorescence spectrum relative to the wave-

length at which it was excited.

Few naturally occurring biological compounds fluoresce

strongly. This apparent disadvantage has been turned into an

advantage by the synthesis of fluorescent probes that are de-

signed to bind to target analytes only. A large number of ana-

lyte-specific fluorophores are now commercially available.

Many of these fluorescent probes, such as fluorescein, rhoda-

mine, and their derivatives, have relatively large absorptivities

and quantum yields close to one—i.e., they fluoresce nearly as

many photons as they absorb. Fluorescence techniques also

are termed ‘‘background-free’’ because very little excitation

light reaches the detector. These advantages make fluores-

cence detection highly sensitive, down to single-molecule de-

tection in some cases. Specificity and sensitivity are two of the
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more significant strengths of fluorescence techniques. Fluores-

cence spectroscopy also typically is not destructive to the sam-

ple, and measurements can be made quickly (on the order of

seconds to minutes).

Figure 2. Schematic of the excitation beam (EX) and detected

emission (EM) orientations for a) 08/908 right angle

transmitting, b) front face, and c) 08/1808 transmitting

geometries.

A right angle or 08/908 geometry often is used to measure

dilute solutions and other transparent samples. In such cases

the excitation beam is normal to the sample, and fluorescence

is detected at a 908 angle relative to the beam (Figure 2a). A

front-face geometry is used to measure optically dense sam-

ples where the excitation beam is incident on the sample at

5908 and the fluorescence is collected at an angle �908 (Fig-

ure 2b). The epifluorescence geometry is a special case of the

front-face geometry that is often used in fluorescence micros-

copy and optical fiber-based fluorometers where the excitation

beam and collected fluorescence are both normal to and on the

same side of the sample, i.e., a 08/08 geometry. A 08/1808

transmitting geometry is often used in microscopy (Figure 2c).

The number of chemical assays and screening techniques

using fluorescence detection continues to increase rapidly

and has resulted in a corresponding increase in the need for

standardization of fluorescence measurements. Only a few

standard methods and reference materials have been well-es-

tablished and are readily available at present for the character-

ization of fluorescence measuring systems. National

metrology institutes and international standards organizations

are working to provide new fluorescence standard materials

and methods in the near future. This general chapter briefly

discusses the major issues that should be considered by users

of fluorescence instruments who aim to achieve high-quality

measurements. Standard methods and materials also are de-

scribed where appropriate. A few guideline/recommendation

documents have appeared, but this general chapter aims to

be most useful to nonexpert users of fluorescence spectro-

meters in the bioanalytical, pharmaceutical, and clinical com-

munities.

QUALITATIVE AND QUANTITATIVE

FLUORESCENCE MEASUREMENTS

Two general classes of measurements are commonly per-

formed by fluorescence spectrometry: qualitative and quanti-

tative.

Qualitative Fluorescence Measurements

Qualitative fluorescence measurements are used to detect

the presence of particular analytes, yielding a positive or ne-

gative answer. The excitation and emission wavelengths often

are fixed at the peak maximum of the fluorophore to be detect-

ed. The observation at the peak position of a fluorescence in-

tensity that is greater than a set threshold, typically based on

the noise level, e.g., the limit of detection, indicates a positive

result. For more complex systems, e.g., when multiple fluoro-

phores are present, the shape of the fluorescence emission

spectrum or the value of the fluorescence lifetime can be used

to determine which of the fluorophores of interest are present.

Quantitative Fluorescence Measurements

Quantitative fluorescence measurements are used to deter-

mine amounts or concentrations of analytes in unknown sam-

ples. These quantities may be determined in absolute units,

such as moles or moles per L, or in relative units, such as

the ratio of the concentrations of two fluorescent analytes con-
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tained in a single unknown solution. These determinations use

the following proportionality relating fluorescence signal (S)

at a given pair of excitation and emission wavelengths (lex,

lem) to fluorescent analyte concentration (c):

S / I0 �Rd a�c,

where I0 is the intensity of the excitation beam; � is the frac-

tion of the fluorescence collected by the detection system; Rd is

the responsivity of the detection system; and a, �, and c are

the absorption coefficient, fluorescence quantum yield, and

concentration of the fluorescent analyte, respectively. This lin-

ear proportionality with concentration applies to optically di-

lute samples, e.g., solutions with an absorbance of less than

0.05 at a path length of 1 cm..

FACTORS THAT AFFECT QUANTIFICATION

Instrument-Based Factors

Measurements on a fluorescence instrument require that in-

strument parameters, such as wavelengths, bandwidths, and

detector gain, be set. All of these parameters can be set with

varying degrees of repeatability and accuracy, depending on

the instrument used. These factors can introduce measurement

uncertainty or bias that is particularly significant when mea-

sured values are compared between instruments. For instance,

the measured peak positions of the emission bands of two ana-

lytes may differ between instruments due to a wavelength bias.

A corresponding bias between instruments could be intro-

duced in the results of an assay that depends on the ratio of

the fluorescence intensities at the two specified emission

wavelengths.

The intensity of the excitation beam can change significant-

ly with excitation wavelength or with time due to the wave-

length dependence of the intensity of the light source and

the transmittance of the excitation wavelength selector or the

time dependence of the light source intensity, respectively. It is

therefore advisable to monitor the excitation beam intensity

and to correct the measured fluorescence intensity for these

fluctuations. This can be particularly important when excita-

tion spectra are collected because the excitation intensity often

has sharp peaks and valleys with wavelength when lamp

sources, such as a xenon (Xe) lamp, are being used.

The responsivity of a detection system is not linear with in-

tensity at all intensities, which makes it important to know the

linear intensity range of the detection system used. The linear

range for most detection systems is from its limit of detection

up to a threshold intensity above which the responsivity be-

comes increasingly nonlinear with increasing intensity. Estab-

lish the linear range of the fluorescence detection system

before attempting to calibrate the responsivity of the detection

system.

The responsivity of the detection system is also wavelength

dependent due to the wavelength dependence of both the

transmittance of the emission wavelength selector and the re-

sponsivity of the detector. These factors can affect the shape of

a measured emission spectrum.

The diffraction efficiency of gratings and the responsivity of

detectors often depend on polarization. This can result in

changes in the excitation intensity and the responsivity of

the detection system as a result of changing excitation and em-

ission polarization settings. Even when polarizers are not used,

the excitation beam may be polarized and the responsivity of

the detection system may be polarization dependent. Both of

these factors will be different for different instruments. Not on-

ly can this cause intensity differences, but spectral correction

factors also will likely change with emission polarization.

The passing of multiple wavelengths by a diffraction grating

can introduce unexpected sharp peaks into a fluorescence

spectrum. A particular wavelength is chosen using a diffrac-

tion grating by setting the angle of the grating with respect

to the incident light so that the incident light is diffracted at

the desired wavelength according to the grating equation.

The value of ml, not l, is fixed according to this equation,

where m is an integer termed the diffraction order. Therefore,

the grating equation can be satisfied by more than one wave-
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length for a single grating position. For instance, if a grating in

an emission monochromator is set to pass 500 nm light at first

order, it will also pass 250 nm light at second order. As a re-

sult, the scattered light from a 250 nm excitation beam will be

detected as a peak at an emission wavelength of 500 nm, un-

less a suitable optical filter is inserted in the beam.

Sample-Based Factors

The fluorescence intensity of optically dense samples (e.g.,

absorbance A40.05 at a path length of 1 cm) does not increase

linearly with concentration due to significant absorption of the

excitation beam and/or emission (reabsorption) by the sample.

These ‘‘inner filter effects’’ also can greatly reduce the amount

of fluorescence that reaches the detector, especially for a right

angle transmitting geometry. The fluorescence intensity can

become strongly dependent on sample position and optical ge-

ometry. At even higher concentrations aggregation of fluoro-

phores often occurs, causing the shape of the fluorescence

spectrum to be different from that of a dilute sample, along

with nonlinear concentration behavior.

The fluorescence intensity of a sample may decrease with

time of exposure to light due to photobleaching and photodeg-

radation. This is particularly true of most organic dyes, which

are the most widely used fluorescent probes. The time that

such samples are exposed to light needs to be limited in order

to obtain reproducible fluorescence intensities and in some

cases even reproducible spectral shapes.

The fluorescence intensity of fluorophores is temperature

dependent. Typically, the rates of fluorescence quenching pro-

cesses, such as collisional quenching in solutions, increase

with temperature, causing a corresponding decrease in fluores-

cence intensity. Temperature coefficients for fluorescence in-

tensity for particular fluorophores can be used to correct for

this temperature dependence.

The absorbance and consequently the intensity of fluores-

cence from a sample depend on the orientation of the sample’s

absorption transition dipole with respect to that of the polari-

zation of the excitation light. The polarization of fluorescence

is parallel to the direction of polarization of the fluorescent

species’ emission transition dipole. Fluorescence anisotropy

(r) is used to describe the extent of polarization of emission

and is defined by

r = (I|| – I?)/(I|| + 2I?)

where I|| and I? are the observed fluorescence intensities when

the fluorometer’s emission polarizer is oriented parallel and

perpendicular, respectively, to the direction of the polarized

excitation. A sample whose fluorophores are oriented nonran-

domly and have a rotational period that is long compared to

their fluorescence lifetime will emit anisotropic fluorescence.

The spectral shape and intensity of such fluorescence depends

on the viewing angle and the polarization factors of the instru-

ment.

The fluorescence intensity and peak position, and some-

times even the spectral shape, of a fluorophore often depend

on the environment, including changes due to the solvent

used, the pH of a solution, or the species to which a fluoro-

phore is bound. This can be of particular concern when refer-

ence samples containing the same fluorophores as an unknown

sample, but in a different environment, are used to quantify the

amount of analyte in the unknown.

A Raman signal can introduce peaks into the fluorescence

spectrum. The Raman peaks of the sample’s solvent or matrix

are those most commonly encountered. For instance, the Ra-

man peak of water, found red-shifted about 3400 cm-1 from the

chosen excitation wavelength, typically would be observed in

the fluorescence spectrum of any aqueous solution excited by

UV or blue light.
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APPARATUS COMPONENTS

All modern fluorescence measurements involve irradiating

the sample with the beam from a suitable light source, select-

ing the excitation wavelength, collecting the resulting fluores-

cence, rejecting the Rayleigh-scattered light, selecting the

emission wavelength, and detecting the fluorescence signal.

The following functions will be discussed individually, along

with the equipment used to achieve these functions in com-

mercial instruments:

1. Excitation light source

2. Excitation wavelength selector

3. Sampling device

4. Emission wavelength selector

5. Detector

Excitation Light Source

Avariety of lamps, lasers, and light-emitting diodes (LEDs)

are used as excitation sources. Continuous and pulsed versions

of these sources are used for steady-state and time-resolved

instruments, respectively. The Xe lamp is the most commonly

used due to its relatively high intensity and broad wavelength

range (UV to NIR). Lasers are the highest intensity sources

and are used in applications where short collection times

and small amounts of sample are required, e.g., for flow cyto-

metry or microarrays.

Excitation Wavelength Selector

The intensity of scattered light at the excitation wavelength

can be comparable to or greater than that of the fluorescence at

the sample. Therefore, it is important that the excitation wave-

length profile not overlap with the emission wavelength region

being detected. This is achieved for lamps by using an excita-

tion wavelength selector (e.g., a filter or a monochromator) be-

tween the lamp and sample with a known peak transmission

wavelength and bandwidth. The inherent bandwidth of the ra-

diation from a laser or an LED is often narrow enough that an

excitation wavelength selector is not necessary. This selector

also enables fluorescence excitation spectra to be resolved.

Sampling Device

The sampling device includes all optics and other equip-

ment needed to deliver the excitation beam to the sample, col-

lect the emission from the sample, and hold the sample in

place. Sample formats include cuvettes, microwell plates, mi-

croarrays, microscope slides, and flow systems and can be ac-

companied by a variety of optical delivery and collection

systems, including conventional transmitting, front face, and

epifluorescence systems and fiber optic-based probes.

Emission Wavelength Selector

Like the selector for excitation, the emission wavelength se-

lector helps to ensure that the emission wavelength region be-

ing detected does not overlap with the excitation wavelength

profile. In addition, it enables individual fluorescence bands to

be detected when multiple bands are present and allows fluo-

rescence emission spectra to be resolved. Emission wave-

length selectors also are important for the rejection of stray

light. Filters, monochromators, and grating polychromators

most often are used for emission wavelength selection.

Detector

For the detection of emission, a photomultiplier tube (PMT)

or a charged-coupled device (CCD) array is placed after the

emission wavelength selector. The detection of the excitation

beam for monitoring its intensity is commonly done by a

quantum counter detector or a photodiode before the sample,

where a small fraction of the excitation beam is split off from

the rest.
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CALIBRATIONOF FLUORESCENCE INSTRUMENTS

Two types of fluorescence instrument calibrations are used.

The first is analyte specific, and the relationship between the

response of the instrument (fluorescence intensity) and the

concentration or amount of a specific analyte is determined

for the sample of interest. This is the most commonly used

type of calibration for fluorescence. The second is analyte in-

dependent and is intended for spectral instruments. In this

case, the wavelength accuracy for emission and/or excitation

and the spectral responsivity of the detection system are cali-

brated across the entire or a continuous part of the wavelength

range of the instrument.

Analyte Concentration—Calibration Curves

Calibration curves of instrument response (fluorescence in-

tensity) versus analyte concentration are determined using ref-

erence materials that contain the analyte of interest. For

instance, the fluorescence intensities of a set of solutions at dif-

ferent, known analyte concentrations that cover a desirable

concentration range can be measured and plotted versus con-

centration. The plot is then fitted to a polynomial, typically a

straight line. The resulting calibration curve is both analyte

and instrument specific and can be used to determine analyte

concentrations of unknown samples. Note that this method

may not be accurate when the microenvironment surrounding

the fluorophore is different in the reference and unknown sam-

ples. In addition, users must ensure that the fluorescence inten-

sities of samples are reproducible and do not decrease over the

time period that they are being excited and measured because

the organic dyes typically used may be prone to photobleach-

ing.

It is not always possible to use this method effectively. First,

organic dyes, which are used as fluorescent probes, often are

not commercially available at a known, high purity that en-

ables production of reference solutions. Second, in complex

systems where fluorophores are bound to large molecules,

cells, or microbeads, the concentration of bound fluorophores

in a solution or suspension may be difficult to determine. In

the latter case, the molecules of equivalent soluble fluorophore

(MESF) scale has been proposed as an alternative way to use

calibration curves to quantify fluorescence intensity for a par-

ticular analyte.

Emission Wavelength and Spectral Slit Width

A variety of reference samples have been proposed for use

in the determination of emission wavelength accuracy, includ-

ing several lamps, and inorganic and organic fluorophores.

The most widely used and best characterized of these are

low-pressure atomic lamps, commonly referred to as ‘‘pen’’

lamps. In this case, the type of pen lamp (e.g., Hg, Ne, Kr,

etc.) is chosen so that its radiated atomic lines are within the

desired wavelength range. The lamp is placed at the sample

position so that its light is centered in the optical path of the

detection system of the instrument. Note that the accuracy of

this method may decrease if the pen lamp is not properly

aligned. The emission wavelength selector with detector then

measures the signal over the wavelength range of interest. The

measured wavelength positions of the resulting sharp peaks

are then compared with the known positions to determine

wavelength accuracy.

Spectral slit width accuracy of the emission wavelength se-

lector can be determined by measuring the spectral bandwidth,

taken to be the full width at half the peak maximum (FWHM),

of a single line of a pen lamp. For fluorescence spectrometers

with both excitation and emission monochromators, an alter-

native method may be used when one monochromator is

scanned over the position of the other.

Excitation Wavelength and Spectral Slit Width

Many of the reference samples that can be used for deter-

mining emission wavelength accuracy also can be used for ex-

citation wavelength accuracy. For instance, a pen lamp can be

placed at the excitation light source position and detected after

the excitation wavelength selector, using the instrument’s ref-
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erence detector. In this case a relatively weak signal that limits

the number of useful atomic lines is likely to be observed, and

alignment of the pen lamp is more critical than for the emis-

sion wavelength accuracy determination.

Once the accuracy of the emission wavelength selector has

been determined, one can use a diffuse scatterer, e.g., a scat-

tering solution or a diffuse reflector, at the sample to scatter a

fraction of the excitation beam into the detection system to de-

termine excitation wavelength accuracy. One wavelength se-

lector is set at a fixed wavelength and the other is tuned

over the same wavelength to obtain a spectrum. The wave-

length bias between the two wavelength selectors is equal to

the difference between the set wavelength position and the ob-

served peak position of the collected spectrum. This method

can be used at any wavelength, unlike many other methods

that depend on a limited number of set excitation wavelengths

determined by the reference material chosen. Methods similar

to those used for spectral slit width accuracy of the emission

wavelength selector may also be used for spectral slit width

accuracy of the excitation wavelength selector.

Linearity of the Detection System

Several methods can be used to determine the linear inten-

sity range of the detection system. They can be separated into

three types, based on the tools used to vary the intensity of

light reaching the detector: 1) double aperture, 2) optical filters

and/or polarizers, and 3) fluorophore concentrations. The dou-

ble-aperture method is the best established and probably the

most accurate when done correctly but is also the most diffi-

cult to perform. A variety of methods using optical filters, po-

larizers, or a combination of the two have been reported. These

methods require high-quality, often costly, components and

some expertise on the part of the user. The third method is

the most popular and easiest to implement. It uses a set of so-

lutions obtained by serial dilution of a fluorescent stock solu-

tion, similar to that used for obtaining calibration curves for

analyte concentration, as described earlier. In this case, use so-

lutions with low concentration (A50.05 at 1-cm path length);

however, fluorophore adsorption to cuvette walls may affect

measurements at vey low concentrations. Users must ensure

that the fluorescence intensities of samples are reproducible

and do not decrease over the time period that they are being

excited and measured because the organic dyes typically used

can be prone to photobleaching.

Signal Level (Relative Emission)

Calibration of the relative responsivity of the emission de-

tection system with emission wavelength, also referred to as

spectral correction of emission, is necessary for successful

quantification when intensity ratios at different emission

wavelengths are being compared or when the true shape or

peak maximum position of an emission spectrum must be

known. Such a calibration is necessary because the relative

spectral responsivity of a detection system can change signifi-

cantly over its wavelength range (Figure 3). The degree of

photometric precision required for the successful outcome of

quantitative methods should be known. It is highly recom-

mended that the linear range of the detection system be deter-

mined before this calibration is performed and that appropriate

steps be taken (e.g., the use of attenuators) to ensure that all

measured intensities during this calibration are within the lin-

ear range. Also note that when one uses an emission polarizer,

the spectral correction for emission depends on the polarizer

setting.

There are two preferred methods for calibrating photometric

responsivity. One (Method A) uses a calibrated light source

(CS) and the other (Method B) uses certified reference mate-

rials (CRMs). Both give results that are traceable to national

metrology institutes (NMIs). A calibrated tungsten white light

source is most commonly used for Method A, covering the

wavelength range from about 350 nm into the NIR. National

Institute of Standards and Technology (NIST) SRMs and Fed-

eral Institute for Materials Research and Testing, Germany

(BAM) CRMs are currently available for use in Method B.
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Corrected emission spectra of some commonly used dyes also

have been reported recently in the literature.Method A is more

difficult to implement thanMethod B and requires periodic re-

certification of the CS, which is more expensive over time. A

third method,Method C, can be used, implementing a calibrat-

ed detector and a calibrated diffuse reflector. This method typ-

ically has larger uncertainties associated with it thanMethod A

and B but is recommended in wavelength regions in the UV

and NIR not covered by the other two methods.

Figure 3. Example of the relative spectral responsivity of an

emission detection system (grating monochromator-PMT

based), for which a correction needs to be applied to a

measured emission spectrum to obtain its true spectral shape

(relative intensities).

METHOD A

The light from a calibrated source (CS) is directed into the

emission detection system by placing the CS at the sample po-

sition. If the CS is too large to be placed at the sample position,

a calibrated diffuse reflector (CR) may be placed at the sample

position to reflect the light from the CS into the emission de-

tection system. The emission wavelength selector is scanned

over the emission region of interest, using the same instrument

settings as that used with the sample, and the signal channel

output (S’’) is collected. The known radiance of the CS inci-

dent on the detection system (L) can be used to calculate the

relative correction factor (CCS), such that CCS = L/S’’. The cor-

rected emission intensity is equal to the product of the signal

output of the sample (S) and CCS.

METHOD B

The fluorescence standard is placed at the sample position.

Its spectrum is collected and compared to the certified spec-

trum according to the instructions given on the accompanying

certificate, yielding spectral correction factors for the instru-

ment.

METHOD C

This is a two-step method: Step 1 uses a calibrated detector

(CD) at the sample position to measure the flux of the excita-

tion beam as a function of excitation wavelength. Step 2 uses a

calibrated diffuse reflector (CR) to reflect a known fraction of

the flux of the excitation beam into the detection system. This

is done by placing the CD at the sample position at a 458 angle,

assuming a 08/908 instrument geometry, and synchronously

scanning both the excitation and emission wavelength selec-

tors over the emission region of interest while collecting both

the signal output and the reference output. This method en-

ables the relative correction factor to be calculated. Note that

this method has larger uncertainties than those forMethod A or

Method B and is typically more difficult to implement.

Reference Signal Level (Relative Excitation)

Calibration of the excitation intensity with excitation wave-

length is necessary for successful quantification when intensi-

ty ratios at different excitation wavelengths are being

compared or when the true shape or peak maximum position

of an excitation spectrum needs to be known. Such a calibra-

tion is necessary because the relative spectral flux of an exci-

tation beam at the sample can change significantly over its

wavelength range (see Figure 4). The neglect of excitation in-

tensity correction factors can cause even greater errors than
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that of emission correction factors. Fortunately, many fluores-

cence instruments have a built-in reference detection system to

monitor the intensity of the excitation beam. This is usually

done using a photodiode, PMT, CCD, or a quantum counter

detector to measure a fraction of the excitation beam that is

split off from the rest of the beam. The collected reference sig-

nal can be used to correct the fluorescence signal for fluctua-

tions due to changes in the excitation beam intensity.

Reference detectors are often not calibrated with excitation

wavelength, thus introducing errors that can be particularly

large over longer excitation wavelength ranges (e.g., greater

than 50 nm) or in a wavelength region where the excitation

intensity changes rapidly with excitation wavelength, such

as the UV. Also note that when using an excitation polarizer,

the spectral correction for excitation intensity depends on the

polarizer setting.

Figure 4. Example of the relative flux of an excitation beam

(Xe lamp-grating monochromator based), for which a

correction needs to be applied to a measured excitation

spectrum to obtain its true spectral shape (relative intensities).

When a reference detector is not built into an instrument, a

spectral correction for the reference channel is determined, or

an independent spectral correction of excitation intensity is de-

sired. There are three methods for determining the spectral

correction of excitation intensity: using a calibrated detector

(Method 1); using a calibrated diffuse reflector (Method 2);

or using a quantum counter (Method 3). The latter two meth-

ods use the instrument’s fluorescence detection system as a de-

tector.

For Methods 1 and 2 the detector and diffuse reflector must

be calibrated for responsivity and reflectance, respectively, as

a function of wavelength. For Method 2, excitation and emis-

sion wavelength selectors must be scanned synchronously and

the spectral correction for the emission channel [see Signal Le-

vel (Relative Emission)] must be applied to the measured in-

tensities. Method 3 should be used only in the quantum

counter’s effective wavelength range, where a wavelength-in-

dependent response can be achieved. This method is probably

the least expensive of the three to implement because no cal-

ibrations and recalibrations are required. Method 1, using a

calibrated detector (CD), has fewer caveats associated with

it than the other two methods. A CD is put at the sample po-

sition with the excitation beam incident on it. The output of the

CD is measured as a function of emission wavelength by scan-

ning the excitation wavelength selector over the excitation re-

gion of interest using the same instrument settings as those

used with the sample. The known responsivity of the CD is

used to calculate the flux of the excitation beam. If the instru-

ment’s reference detector is used to measure the intensity of

the excitation beam simultaneously with the CD, then the cor-

rection factor for the responsivity of the reference detector can

also be calculated.

Intensity and Sensitivity

As explained in the Quantitative Fluorescence Measure-

ments section, the absolute value of the fluorescence signal

measured by the detection system depends not only on the

sample itself but also on the excitation intensity at the sample

and the optical geometry of the instrument. Therefore, it is

nontrivial to determine the instrument-independent fluores-

cence intensity of any sample or the absolute responsivity of

Pharmacopeial Forum
Vol. 34(5) [Sept.–Oct. 2008] IN-PROCESS REVISION 1261

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



any detection system in terms of the intensity coming out of

the sample or being measured by the detector, respectively, rel-

ative to the excitation intensity at the sample.

The most accurate way to calibrate an instrument for abso-

lute intensity is to use conventional physical transfer standard-

based methods, such as those employing a calibrated light

source or a calibrated detector in combination with a calibrated

reflector. These methods are difficult to perform and require a

certain degree of user skill and knowledge. Also, the certifica-

tion and recertification, typically annual, of such standards is

expensive. In addition, these standards tend to be bulky and

are not compatible with many instruments. More simple, eas-

y-to-use, alternative standards and methods are, therefore,

used by most researchers.

One approach is to relate fluorescence signal to analyte con-

centration, using calibration curves or MESF units (see Ana-

lyte Concentration—Calibration Curves). Another approach

is to measure the intensity of a standard sample that can be

expected to always give the same fluorescence intensity under

the same conditions.

Organic dyes, such as those used as fluorescent probes, gen-

erally are not good choices for intensity standards because of

issues with photobleaching, stability, and reproducible con-

centration. If organic dyes are used in this way, then those with

known high purity and known shelf life, such as those pro-

duced by NMIs, are recommended for single-time use, i.e.,

Use a fresh solution every time.

A better alternative is to use fluorescent samples that are sta-

ble over time even when exposed to light. For example, fluo-

rescent , inorganic glasses with well-character ized

photostability and spectral properties and long shelf lives are

commercially available. Such materials can be used for deter-

mining a quasi-absolute intensity scale by measuring fluores-

cent signal at fixed wavelength values within their

recommended range, using a specified set of experimental pa-

rameters such as bandwidths, excitation intensity, and temper-

ature.

The sensitivity of a fluorescence instrument also can be de-

termined by measuring the signal-to-noise ratio of the fluores-

cence signal of intensity standards. The Raman line of water is

often used to measure sensitivity in a similar way, but the Ra-

man signal typically is strong enough only to be useful in the

UV region. Organic dye solutions also can be used to measure

instrument sensitivity or limit of detection with caveats that

are identical to those that apply when they are used as intensity

standards.

The methods outlined previously enable a quasi-absolute in-

tensity scale that is expected to be instrument independent for

instruments with similar optical geometries and designs, po-

tentially enabling the sensitivity of different fluorescence in-

struments to be compared, but such comparisons should be

approached with caution due to the relatively large and diffi-

cult-to-quantify uncertainties involved.

QUALIFICATION AND VERIFICATION OF

FLUORESCENCE INSTRUMENTS

Instrument qualification is an essential part of method vali-

dation when the results of the method depend on the perfor-

mance of the instrument. Perform instrument qualification at

well-defined, periodic intervals or after significant changes

or maintenance on the instrument has been carried out. In be-

tween qualifications, performance verifications may need to be

done to demonstrate that the instrument is performing at a con-

sistent quality level.

Many of the methods in the Calibration section may be ap-

propriate for qualification and verification of fluorescence in-

struments. The instrumental variables and desired accuracy of

the quantities to be determined will define the particular types

of test methods needed. The criteria for acceptable instrument

performance given in the following subsections are applicable

for general use unless specified otherwise. Two general types

of instrumental measurements will be differentiated here:

spectral, i.e., those that measure intensity versus wavelength,

and fixed, i.e., those that measure intensity at a fixed wave-

length and bandwidth.
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Wavelength Accuracy

The confidence level of measured peak positions is defined

by wavelength accuracy for spectral measurements. Determin-

ing and calibrating the wavelength accuracy (see sections

above) at a single point (one for emission and one for excita-

tion) often is sufficient to qualify an instrument for this param-

eter, because it is common for the relative wavelength

accuracy not to change dramatically, e.g., on the order of 1

nm, across an instrument’s effective wavelength range. Deter-

mination of the accuracy of many wavelengths across the de-

sired wavelength range demonstrates if further calibration,

beyond a single point, is needed. Multi-point calibration in-

volves measuring wavelength biases at multiple wavelengths

and correcting for the wavelength dependence of the bias. A

single-point calibration often can be applied to the wavelength

axis in an instrument’s software before data are collected, but a

multi-point calibration may require that the correction be ap-

plied to spectra after they are collected.

For fixed measurements it is most important that the wave-

length position and bandwidth be reproducible. For filter-

based wavelength selection, this just requires that the same fil-

ter be used when comparing data over time. If a different filter

has to be used, for instance when data are compared across

instruments and laboratories, then the transmission curves of

the filters must be compared.

Signal Level (Relative Emission)

Correction for the relative responsivity of the detection sys-

tem with emission wavelength (see section above) is important

for comparing spectral shapes and integrated intensities of em-

ission spectra and intensities at different emission wave-

lengths. Note that the linearity of the detection system must

be determined before a calibration of spectral emission is per-

formed (see Linearity of the Detection System,). Corrected em-

ission spectra are required for obtaining accurate results for

assays that depend on such intensity values and for quantum

yield determinations. Spectral correction is particularly needed

in emission regions where the responsivity of the detection

system is highly sloped, typically in the UV and red/NIR.

For filter-based wavelength selection, the detected spectral

range is determined by the transmission profile of the filter,

which changes from one filter to another.

Reference Signal Level (Relative Excitation)

Correction for the relative spectral flux of the excitation

beam at the sample [see Reference Signal Level (Relative Ex-

citation) ] is critical for accurate determination of fluorescence

intensities at different excitation wavelengths and the shape

and peak positions of excitation spectra. The spectral profile

of a broadband excitation source, such as a high-pressure

atomic lamp, may, in fact, exhibit even more dramatic spectral

changes with wavelength than typical detection systems. This

problem is compounded by possible changes of the source in-

tensity with time, even at a fixed wavelength. Determine the

relative spectral flux of a source or the relative spectral respon-

sivity of a reference detector periodically, along with correc-

tion factors that possess the accuracy and precision required

for the application.

Intensity, Sensitivity, and Performance Verification

The use of photostable, day-to-day intensity standards (see

Intensity and Sensitivity) is the easiest way to verify the per-

formance of an instrument. If the measured intensity does not

change from that observed when the instrument was qualified,

then it can be assumed that the instrument’s performance has

not changed and is, therefore, still qualified. Using such stan-

dards to determine an artifact-based or quasi-absolute intensity

scale potentially enables measured intensities and instrument

sensitivity to be compared over time or between instruments.

Note the importance of demonstrating that intensity measure-

ments are being measured within the linear range of the instru-

ment’s detection system before intensity comparisons are

attempted (see Linearity of the Detection System).
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For instruments with filter-based wavelength selection, fluo-

rescence standards for spectral correction can be used to deter-

mine expected intensity differences caused by filters with

different transmission profiles. By compensating for these in-

tensity differences due to spectral mismatch, one potentially

can determine a quasi-absolute intensity scale for these instru-

ments, as well. Again, note that instrument-to-instrument

comparisons should be approached with particular caution

due to the relatively large uncertainties involved, which are

difficult to quantify.

Fluorescence Lifetimes

Time-domain and frequency-domain measurements are the

two types of fluorescence measurements used to determine

fluorescence lifetimes. Conventional instruments include

those based on time-correlated single-photon counting (time-

domain) and multifrequency phase and modulation (frequen-

cy-domain) techniques that are typically used to measure life-

times from picoseconds to microseconds. More simple, time-

domain instruments commonly are used to measure lifetimes

on the order of milliseconds or longer. Criteria for fluores-

cence lifetime standards include 1) high purity, 2) a single ex-

ponential decay component, and 3) a lifetime independent of

excitation and emission wavelengths. A thorough comparison

of fluorescence lifetime candidates was recently performed by

nine expert laboratories.* Almost all of the candidates men-

tioned in the literature for use as lifetime standards have been

liquid organic dye solutions, probably due to the more com-

plex, excited-state kinetics that exist in most solid fluorescent

samples. Lifetime standards are measured in the same way as

typical unknown samples. A bias in the measured lifetime or

an observed multi-exponential decay of the standard indicates

the presence of systematic errors in the instrument.

METHOD VALIDATION

Validation of an analytical method demonstrates that the re-

sult yielded from the method is valid within a specified, ac-

ceptable uncertainty budget. For fluorescence measurements

this involves the consideration of one or more of the topics

already discussed. Instrument qualification, which may also

involve instrument calibration, usually is part of the process.

Sample-related errors also may need to be addressed (see Sam-

ple-Based Factors). These can arise due to the effects of con-

centration, anisotropy, photostability, and shape of the sample,

in combination with effects of the optical geometry of the in-

strument on measured quantities, such as fluorescence intensi-

ty. All suspected errors are quantified and combined to give a

total estimated error that must be less than the method-specific,

acceptable limit.

DEFINITION OF TERMS

Absorptivity (a): A measure of the absorption of radia-

tion from an incident beam as it traverses a sample, which is

equal to the quotient A/bc, where c is the concentration. Also

referred to as ‘‘specific absorption coefficient’’ by IUPAC.

Absorption Coefficient (a): A measure of absorption of

radiation from an incident beam as it traverses a sample ac-

cording to Bouguer’s law, I/I0 = e-ab, where I and I0 are the

transmitted and incident intensities, respectively, e represents

the base of natural logarithm, and b is the path length of the

beam through the sample. Note that transmittance T = I/I0 and

absorbance A = –log T.

Beer-Lambert law (or Beer’s law or Beer-Lambert-Bou-

quer law): The dependence of the absorbance (A) of a sam-

ple on its path length [see Absorptivity, (a)] and concentration

(c), such that A = abc.

* Boens N, Qin W, Basaric N, et al., Fluorescence lifetime standards
for time and frequency domain fluorescence spectroscopy. Anal
Chem. 2007;79(5)2137-1249.
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Calibrated Detector (CD): A light detector whose re-

sponsivity as a function of wavelength has been determined

along with corresponding uncertainties.

Calibrated Light Source (CS): A light source whose ra-

diance as a function of wavelength has been determined along

with corresponding uncertainties.

Calibrated Diffuse Reflector (CR): A Lambertian reflec-

tor whose reflectance as a function of wavelength has been de-

termined along with corresponding uncertainties.

Certified Reference Material (CRM): A material with

properties of interest, the values of which and corresponding

uncertainties have been certified by a standardizing group or

organization.

Diffuse Scatterer: A material that scatters light in multi-

ple directions; this includes diffuse reflectors, which are often

Lambertian, and scattering solutions, which are not Lamber-

tian.

Fluorescence Anisotropy (r): A measure of the degree of

polarization of fluorescence, defined as r = (I|| – I?)/(I|| + 2I?),

where I|| and I? are the observed fluorescence intensities when

the fluorometer’s emission polarizer is oriented parallel and

perpendicular, respectively, to the direction of the polarized

excitation.

Fluorescence Band: A region of a fluorescence spectrum

where the intensity passes through a maximum, usually corre-

sponding to a discrete electronic transition.

Fluorescence Lifetime: A parameter describing the time

decay of the fluorescence intensity of a sample component; if a

sample decays by first-order kinetics, this is the time required

for its fluorescence intensity and corresponding excited state

population to decrease to 1/e of its initial value.

Fluorescence Quantum Efficiency: The ratio of the

number of fluorescence photons leaving an emitter versus

the number of photons absorbed.

Fluorescence Quantum Yield (�): The probability that a

molecule or species will fluoresce once it has absorbed a pho-

ton. This quantity is an innate property of the species and is

typically calculated for a sample as the ratio of the number

of molecules that fluoresce versus the number of molecules

that absorbed.

Flux (or Radiant Flux): The rate of propagation of radi-

ant energy, typically expressed in watts (W); spectral flux is

the flux per unit spectral bandwidth, typically expressed in

W/nm.

Grating Equation: It describes the relationship between

the angle of diffraction and wavelength of radiation incident

on a grating, i.e., ml = d(sina + sinb), where d is the groove

spacing on the grating; a and b are the angles of the incident

and diffracted wavefronts, respectively, relative to the grating

normal; and m is the diffraction order, which is an integer.

Inner Filter Effects: A decrease in the measured quan-

tum efficiency of a sample due to significant absorption of

the excitation beam or reabsorption of the emission of the sam-

ple by itself. This causes the measured quantum efficiency to

be dependent on the absorbance, concentration, and excitation

and emission path lengths of the sample.

Intensity: A measure of the amount of electromagnetic

energy present. This general definition is synonymous with

or directly proportional to the signal output of a photodetector

or the flux of a sample or light source. A more specific defini-

tion, often used in radiometry, is ‘‘the radiant flux per unit sol-

id angle from a point source,’’ which is typically expressed in

W/sr, where sr is the SI unit of solid angle, or steradian.

Lambertian Reflector: A surface that reflects light ac-

cording to Lambert’s law, i.e., the light is unpolarized and

has a radiance that is isotropic or independent of viewing an-

gle.
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Limit of Detection: An estimate of the lowest concentra-

tion of an analyte that can be measured with a given technique,

often taken to be the analyte concentration with a measured

signal-to-noise ratio of 3.

Noise Level: The peak-to-peak noise of a blank.

Photobleaching: A loss of emission or absorption inten-

sity by a sample due to exposure to light. This loss can be re-

versible or irreversible with the latter typically referred to as

photodegradation or photodecomposition.

Quantum Counter: A photoluminescent emitter with a

quantum efficiency that is independent of excitation wave-

length over a defined spectral range. When a quantum counter

is combined with a detector to give a response proportional to

the number of incident photons, the pair is called a quantum

counter detector.

Quasi-Absolute Fluorescence Intensity Scale: A fluo-

rescence intensity scale that has been normalized to the inten-

sity of a fluorescent reference sample or artifact under a fixed

set of instrumental and experimental conditions. This artifact

should be known to yield a fluorescence intensity that is repro-

ducible with time and between instruments under the fixed set

of conditions.

Raman Scattering: The inelastic scattering of radiation

(the wavelengths of the scattered and incident radiation are

not equal) by a sample that occurs because of changes in the

polarizability of the relevant bonds of a sample during a mo-

lecular vibration. The radiation being scattered does not have

to be in resonance with electronic transitions in the sample,

unlike fluorescence.

Rayleigh Scattering: The elastic scattering of radiation

by a sample, i.e., the scattered radiation has the same energy

(same wavelength) as the incident radiation.

Responsivity (Spectral): The ratio of the photocurrent

output and the radiant power collected by a light detection sys-

tem. Spectral responsivity is the responsivity per unit spectral

bandwidth.

Sensitivity: A measure of an instrument’s ability to detect

an analyte under a particular set of conditions.

Spectral Bandwidth (or Spectral Bandpass or Resolu-

tion): Ameasure of the capability of a spectrometer to separ-

ate radiation or resolve spectral peaks of similar wavelengths.

Spectral Slit Width: The mechanical width of the exit slit

of a spectrometer divided by the linear dispersion in the exit

slit plane.

Transition Dipole Moment: An oscillating dipole mo-

ment induced in a molecular species by an electromagnetic

wave that is resonant with an energy transition of the species,

e.g., an electronic transition. Its direction defines that of the

transition polarization, and its square determines the intensity

of the transition.&2S (USP32)

BRIEFING

h854i Mid-Infrared Spectroscopy. This new chapter on Mid-In-
frared Spectroscopy is being proposed by the General Chapters Ex-
pert Committee Advisory Panel on Spectroscopy. The advisory panel
recommended updating general chapter Spectrophotometry and
Light-Scattering h851i considered by the panel to be the gateway
to other spectroscopy chapters, by eliminating the mid-infrared topics
of the chapter and replacing them with technique-specific chapters. In
order to better describe modern instruments and techniques, the advi-
sory panel has prepared this new chapter. In addition, the advisory
panel has prepared draft chapters on Ultraviolet-Visible and Fluores-
cence Spectroscopy that also appear in this PF. This new chapter fol-
lows an established effort to broaden and update the general chapters
already in USP. The chapter closely follows a chapter titled Sampling
Techniques and Fiber-Optic Probes by J.M. Chalmers and P.R. Grif-
fiths in Applications of Vibrational Spectroscopy in Pharmaceutical
Research and Development, D.E. Pivonka, J.M. Chalmers, and P.R.
Griffiths, Eds. John Wiley and Sons, Chichester, UK (2007) by per-
mission of the publisher.

(GC: G. Ritchie) RTS—C59985
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Add the following:

&h854i MID-INFRARED

SPECTROSCOPY

INTRODUCTION

Mid-infrared spectroscopy involves measurement of the ab-

sorption of electromagnetic radiation with wavelengths be-

tween 2.5 and 25 mm caused by the promotion of molecules

from the ground state of their vibrational modes to an excited

vibrational state. The most commonly used parameter to de-

note the energy of the transitions is the wavenumber, i.e.,

the number of waves per centimeter. The wavelength, l

(mm), and wavenumber, ~�� (cm–1), of radiation are related by

the expression:

~�� = 104 / l (1)

Thus, the mid-infrared spectrum extends from 4000 cm–1 (2.5

mm) to 400 cm–1 (25 mm). Molecules can move in a certain

number of vibrational modes. The energy of mode i is given

by:

Ei = h c ~��i (vi + ½) + h c ~��i xi (vi + ½)2 (2)

where h is Planck’s constant, c is the velocity of light, ~��i is the

fundamental vibrational frequency of mode i (cm–1), vi is the

vibrational quantum number of this mode, and xi is the so-

called anharmonicity constant.

The strongest bands in the mid-infrared spectrum are caused

by the fundamental transitions from the ground state of a given

mode (vi = 0) to its first excited vibrational state (vi = 1), al-

though weaker overtone and combination bands also are seen

in the spectrum. Overtone bands are caused by the promotion

of molecules from their ground state to their second and higher

vibrational states (vi = 0 ? 2, 3, etc.). Overtones are observed

only for those modes for which xi is non-zero. Combination

bands are caused by the simultaneous promotion of molecules

to two excited vibrational states.

Vibrational modes involve the motion of all atoms of the

molecule. However, many modes involve only large-ampli-

tude vibrations of the atoms in localized regions of the mole-

cule. When molecules contain a certain functional group, the

transitions often occur in narrow spectral ranges. In this case

the wavenumbers at which these transitions occur are known

as group frequencies.When a vibrational mode involves atom-

ic motions of more than just a few atoms, the frequencies oc-

cur over wider spectral ranges and are not characteristic of a

particular functional group but are more characteristic of the

molecules as a whole. Such bands are known as fingerprint

bands. All strong bands that absorb at wavenumbers above

1500 cm–1 are group frequencies. Strong bands that absorb be-

low 1500 cm–1 either can be group frequencies or fingerprint

bands. Thus not all strong bands in the infrared spectrum of a

given molecule can be attributed to the presence of a particular

functional group.

The motion of atoms during a particular vibrational mode, i,

is characterized by the normal coordinate, Qi . The intensity of

fundamental bands is governed by the square of the change in

dipole moment, m, during the vibrational cycle, (@m / @Qi)2.

Thus vibrational transitions of modes involving very polar

groups, such as C–O, C=O, O–H, N–H, and C–F, generally

give rise to strong bands in the spectrum. Transitions where

(@m / @Qi) is small are weak. When the symmetry of a mole-

cule leads to the condition that (@m / @Qi) = 0 for a certain

mode, the band corresponding to this mode does not appear

in the infrared spectrum. Overtone and combination bands

are always weaker than the fundamental modes from which

they are derived.

Pharmacopeial Forum
Vol. 34(5) [Sept.–Oct. 2008] IN-PROCESS REVISION 1267

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



For functional groups having the form XY2 (such as

–CH2, –NH2, –NO2, and –SO2) and XY3 (such as –CH3 and

–NH3
+), first-order coupling can occur, so that the mode is split

into a symmetrical mode (where both the Yatoms move to and

from the X atom with the same phase) and an antisymmetrical

mode (where one Y atom moves 1808 out of phase with the

other). The amount by which the two bands are split depends

on the Y–X–Y angle. The more closely this angle approaches

1808, the greater the splitting. Thus, for example, for the sym-

metric and antisymmetric stretching modes of ketenes and iso-

cyanates where the angle is ~1808, the splitting can approach

1000 cm–1, whereas for CH2 and CH3 groups where the angle

is ~1088, the splitting is on the order of 100 cm–1.

Second-order coupling, sometimes known as Fermi reso-

nance, occurs when an overtone or combination band happens

to occur at the same (or near coincident) wavenumber as a fun-

damental mode of the molecule that involves motion of the

same atoms. In this case the overtone or combination borrows

intensity from the fundamental band, and the two bands split

apart by as much as 40 cm–1. The closer the bands that interact

in this manner, the greater is the splitting and the closer in in-

tensity are the resulting bands.

SAMPLING TECHNIQUES

Mid-infrared spectra can be measured by transmission, ex-

ternal reflection, internal reflection (often called attenuated to-

tal reflection), diffuse reflection, and photoacoustic

spectroscopy. Each of these approaches is discussed below:

Transmission Measurements

The alkali-halide disk and mulling techniques are the tradi-

tional mid-infrared transmission sample presentation methods

for materials that are in the form of a finely divided powder, as

is the case for many drug substances and excipients. During

preparation of a sample suitable for infrared spectrometry,

the powdered material is uniformly dispersed throughout ei-

ther the alkali halide or mulling agent, which acts as a support

matrix for the analyte. The sample also may be dissolved in a

suitable solvent. Other techniques by which transmission

spectra can be acquired include the use of solutions and com-

pression cells. Neat compounds can be examined in a com-

pression cell, as a self-supporting film (for polymers), as a

capillary film between the infrared-transparent cell windows

(for liquids and semisolids), and as a gas.

The ratio of the single-beam spectrum of the sample and an

appropriate background spectrum at a given wavenumber, ~��,

is known as the transmittance, T (~��). In most prism or grating

spectrometers, the transmittance spectrum is output directly.

For spectra measured on a Fourier transform-infrared (FT-

IR) spectrometer, the two single-beam spectra are measured

at different times and are ratioed subsequently. Because trans-

mission spectra of nonscattering samples obey the Bouguer-

Beer-Lambert Law (usually abbreviated to Beer’s Law), the

transmittance is commonly converted to absorbance, A (~��),

–log10T (~��). Beer’s law states that the absorbance of compo-

nent i at wavenumber ~��, Ai (~��), is the product of the absorptiv-

ity of i at that wavenumber, ai (~��), the path length of the

sample, b, and the concentration of i,ci . The measured absor-

bance of a mixture at each wavenumber is the sum of the ab-

sorbance of each component of the mixture.

KBrDISKS

Certain powdered alkali halides, such as KBr, KCl, and CsI,

coalesce under high pressure and can be formed into self-sup-

porting disks that are transparent to mid-infrared radiation.

The alkali halide most commonly used is powdered, dry,

highly pure KBr, which is transparent to mid-infrared radia-

tion to ~400 cm–1. From this point, alkali-halide disks will

be referred to as KBr disks even though they can be made with

other alkali halides such as KCl and CsI. Infrared spectroscop-

ic-grade KBr with a particle size of 100 to 200 mesh (about

100 mm in diameter) can be purchased commercially. Non-

spectroscopic-grade material may contain impurities with ab-

sorption bands in the mid-infrared region. One of the more
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common impurities is KNO3, which has a sharp absorption

band at ~1378 cm–1. Powdered KBr has a tendency to adsorb

molecules from the air over a long period of time. The purest

form of KBr that can be purchased is in the form of chunks that

are several millimeters in size, which are often sold as ‘‘ran-

dom cuttings.’’ These are stored in a sealed jar in a desiccator.

A quantity of these chunks can be ground and stored in a de-

siccator with fresh desiccant for no more than a week, or it will

adsorb water and organic impurities. Prior to use, dry KBr for

at least 12 hours at a temperature between 1058 and 1208 in a

clean vacuum oven, and store the dried powder in a desiccator.

To avoid contaminating the KBr, keep the oven and desiccator

free from other materials. If the KBr is not dry, its spectrum

exhibits a broad absorption band due to adsorbed water at

~3400 cm–1 along with a weaker band near 1640 cm–1.

Commercial presses and dies in a range of diameters are

available for the preparation of alkali-halide and similar disks.

The most common diameter of KBr disks is 13 mm, but mini-

disks with a diameter as small as 0.5 mm can be prepared us-

ing commercially available presses. Follow the manufacturer’s

recommended procedures for operating the disk-making ac-

cessory and the press.

Typically, the weight ratio of sample to alkali halide is on

the order of 1 part of the sample to 100–400 parts of KBr.

An optimal procedure for preparing a 13-mm diameter disk

is to pregrind the sample to a fine particle size in a mullite

or agate mortar. A vibrating agate or steel ball mill also can

be used. Then 1–2 mg of the ground sample are weighed

and transferred to a clean mortar (or vial). A weighed amount

of dry ground KBr powder (300 mg) is then added and mixed

gently with the analyte to form a homogeneous mixture. The

optimum way of achieving homogeneity is to add about 10 mg

of ground KBr to the sample in a mortar and then to gently mix

with the pestle. This is followed by successively adding dou-

bled quantities of the KBr (i.e., ~20, 40, 80, and 160 mg) with

mixing after each addition. The applied pestle action should

induce good mixing with minimal grinding because further re-

duction of the KBr particle size will lead to increased water

absorption. (If the mixing is done in a vial, then the mixing

time is shortened.) The mixture of KBr and analyte is then

transferred completely to a clean 13-mm die, which is filled

and assembled according to the manufacturer’s instructions.

In a case where the die is connected to a rotary vacuum pump,

evacuate for about 2 minutes. The die (still under vacuum) is

placed in a hydraulic press, and a pressure of about 80MPa

(10 tons for a 13-mm disk) is applied to form the disk. Discard

any disk that visually shows lack of uniform transparency or

exhibits poor transmittance at about 2000 cm–1. Faulty, unsat-

isfactory, or poor-quality disks may be a consequence of inad-

equate or excessive grinding, moisture/humidity, impurities in

the dispersion medium, or insufficient reduction of the particle

size.

MINERAL OIL MULLS

To prepare a mineral oil mull, homogeneously distribute the

finely divided powder sample in a thin layer of a viscous liquid

that is semi-transparent to mid-infrared radiation and has a re-

fractive index closely matched to that of the sample. The pre-

pared mull is sandwiched between a pair of mid-infrared

transparent windows, and a transmission spectrum of the mull

preparation is recorded. The mull, which should have the con-

sistency of a paste, is formed in such a manner as to minimize

radiation scattering effects. (Radiation scatter from particles is

worse when there is greater mismatch between the refractive

index of the dispersant and surrounding medium.)

A typical procedure to prepare a mull is to place 10–20 mg

of the sample into an agate or mullite mortar and then to grind

the sample to a fine particle size powder using a vigorous ro-

tary motion of the pestle. A small drop of the mulling agent is

then added to the mortar. (A common fault is to add initially

too much of the mulling medium.) Rotary motion of the pestle

is then used to mix the components into a uniform paste. The

paste is then transferred to the center of a clean infrared trans-

parent window (e.g., KBr, NaCl, AgBr, or CsI). A second

matching window is then placed on top of the mull, and the
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mull is squeezed to form a thin translucent film that is free

from bubbles. The sandwich may be clamped together in a

mull cell. Commercial mull cells are available for both macro-

and micro-preparations.

The most widely used mulling agent for the mid-infrared re-

gion is a saturated hydrocarbon mineral oil (liquid paraffin,

Nujol). This material has strong absorption bands from 3000

to 2800 cm–1 and from 1500 to 1340 cm–1 and a weaker band at

720 cm–1 that may obscure the absorption bands of the sample

in these regions. In this case, a mull may require preparation in

a chemically different oil. This may be achieved by the use of a

perhalogenated oil mulling agent such as hexachlorobutadiene

or the chlorofluorocarbon Fluorolube. Combining the spectra

of the sample prepared in the two mulling oils and ignoring the

regions where one of them has strong absorption bands en-

ables observation of the full mid-infrared absorption spectrum

with minimal interference.

For the preparation of a mineral oil mull, the particle size of

the sample must be reduced to below that of the shortest wave-

length of the interrogating radiation (2.5 mm) in order to min-

imize light-scattering effects that decrease spectral contrast

and cause band distortions. The spectrum from a coarse pow-

der or one that is poorly ground will show a high degree of

scatter that is manifested as a sloping baseline that decreases

toward shorter wavelengths (higher wavenumbers). Also, a

coarser powder will increase the Christiansen effect, which

is caused by reflection from the interface between materials

of different refractive index. The refractive index of materials

with strong absorption bands varies in a way that is similar to

the first derivative of the profile of the absorption band—a

phenomenon that is referred to as anomalous dispersion.

The Christiansen effect is manifested as a transmission in-

crease on the short-wavelength (high-wavenumber) side of

an absorption band with a concomitant decrease on the longer

wavelength side. Furthermore, a coarse, poorly dispersed

powder can lead to a severely distorted mid-infrared spectrum

in which the relative intensity of the weaker bands is enhanced

and the intensity of the more intense bands in the spectrum

appears weaker and distorted. These effects are a consequence

of radiation that has reached the detector but has not been

transmitted through a representative sample of the analyte.

Similar effects can be seen in the spectra of poorly prepared

KBr disks.

During the preparation of mulls and KBr disks, some work

is done on the analyte, either in the form of grinding, mixing,

or pressing, and consequently there is the potential to induce

solid-state form transformations. Although laboratory me-

chanical mills can produce powders with a small particle size,

better control and a less aggressive process are usually better

achieved for organic pharmaceutical materials by hand grind-

ing using a mortar and pestle. Practitioners generally accept

that of the two techniques, the mull technique is the less ag-

gressive and is less prone to induce solid-state form changes

such as changes in the crystallinity (polymorphism) or chang-

es in the hydration or solvation state (pseudopolymorphism.)

The KBr disk technique does, however, have advantages over

the mull presentation method because KBr exhibits no absorp-

tion bands above 400 cm–1 (neglecting any adsorbed water or

impurities) and is better adapted to micro-sample preparations.

When the sample is a salt, as is frequently the case for active

pharmaceutical ingredients (APIs), ion exchange may occur

between the analyte and alkali halide, and the sample is better

prepared as a mineral oil mull.

COMPRESSION CELLS

The use of a compression cell has become a popular sam-

pling technique for recording a mid-infrared transmission

spectrum of a small or limited-quantity solid sample such as

a single particle of an API or excipient, a contaminant such

as a short length of fiber, or a small fragment from a packaging

material. This is particularly the case for investigations using

an infrared microscope system. Type IIa diamonds are quite

transparent over much of the mid-infrared region, although

they exhibit fairly strong absorption between ~2000 and

2400 cm–1. Because of the high strength of diamond, it is com-
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monly used as the window material of compression cells. The

sample is placed between the diamond windows of the cell, the

cell is then tightened, and the sample thickness is reduced to an

optimum for a transmission measurement. The compressed

sample can be examined while it is contained within the com-

pression cell.

SELF-SUPPORTED POLYMER FILMS

The mid-infrared transmission spectrum of many polymers

used as packaging materials may be recorded from samples

prepared as thin self-supporting films. Films of appropriate

thickness can be prepared by, for example, hot compression

moulding a sample or microtoming a thin section from a sam-

ple. Soft and low-melting solids that do not crystallize when

cooled can be prepared as a thin layer sandwiched between

two mid-infrared transparent windows by gently warming

the sample or from the melt. Thin films from some materials

can be cast from solution onto an infrared transparent window.

CAPILLARY FILMS

Nonvolatile liquids can be examined neat in the form of a

thin layer sandwiched between two matching windows that

are transparent to infrared radiation. The liquid layer must

be free of bubbles and must completely cover the diameter

of the infrared beam focused onto the sample.

LIQUIDS AND SOLUTIONS IN TRANSMISSION CELLS

For the examination of liquid and solution samples, trans-

mission cell assemblies that comprise a window pair, spacer,

filling ports, and a holder are available commercially in both

macro- and micro-sample configurations. They can be sealed,

semi-permanent, or flow-through. A wide range of standard

thickness spacers and window materials is available. For la-

boratory applications, spacers typically are formed from lead,

poly(tetrafluoroethylene), or poly(ethylene terephthalate) and

can be supplied, depending on spacer materials, in standard

thickness path lengths from approximately 6 mm to 1 mm or

larger.

The optimum path length required for examining a particu-

lar liquid or solution usually must be determined empirically

and depends on its absorption characteristics and whether the

application is qualitative or quantitative.

GASES

Mid-infrared transmission cells for static or flow-through

gas and vapor sampling are available in a wide range of ma-

terials to suit the application, from laboratory to process.

(Open-path monitoring may be appropriate for particular envi-

ronmental monitoring applications.) In the laboratory the tra-

ditional gas cell has been a 10-cm long cylinder made from

borosilicate glass or stainless steel with an ~40-mm aperture

at each end. Each open end is covered with an end cap that

contains one of a pair of mid-infrared transparent windows

constructed from, e.g., KBr, ZnSe, or CaF2. The cell body is

fitted with appropriate inlet and outlet ports. For the detection

of gases at the ppm level, long-path-length cells constructed

from borosilicate glass or metal are used. These cells may

be of fixed path length of up to ~2 meters or of variable path

length allowing for path lengths of 10 m to 200 m. Gas cells

may be jacketed and operated at temperature ratings up to 2508

or greater, and their pressure ratings may range from vacuum

to 450 atmospheres.

Attenuated Total Reflection Spectroscopy

Attenuated total reflection (ATR) spectroscopy, alternatively

known as internal reflection spectroscopy or evanescent wave

spectroscopy, has become a widely used technique within the

pharmaceutical industry. In the laboratory this is largely a con-

sequence of the new generation of simple-to-use single-reflec-

tion accessories.
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ATR spectroscopy relies on the optical property that radia-

tion passing through a medium of high refractive index, n2 [the

optically dense medium, also known as the internal reflection

element (IRE)] at an angle of incidence greater than the critical

angle will be totally internally reflected at a boundary in con-

tact with a material of lower refractive index, n1 (the optically

rare medium). The critical angle, �C , is given by n1 / n2 . The

electric field of the radiation penetrates a short distance into

the optically rare medium. The intensity of this electric field,

which is known as the evanescent wave, is confined within the

vicinity of the surface of the denser medium. Its intensity de-

creases exponentially with distance normal to the surface into

the optically rare medium. It can, therefore, be envisaged as

penetrating the surface layer of the rarer medium. The depth

of penetration, dp, is a convenient comparative term for differ-

ent experimental arrangements. It is the distance from the sur-

face of the IRE at which the amplitude of electric field

amplitude falls to 37% (1/e) of its value at the surface:

where l0 is the wavelength of the radiation in vacuum, � is the

angle at which the beam strikes the internal surface of the IRE,

and n12 = n2 / n1 . Note that, to achieve total internal reflection,

� must be greater than �C , so that n2 usually is greater than 2.3.

Some of the more commonly used internal reflection element

materials are the following: ZnSe (n2 ~ 2.4), Type IIa diamond

(n2 ~ 2.4), Si (n2 ~ 3.4), and Ge (n2 ~ 4.0). Also dp decreases

with increasing angle of incidence and increases with increas-

ing wavelength (decreasing wavenumber). As a consequence

of the increase in dp with increasing wavelength, the band in-

tensities within an ATR spectrum appear, by comparison with

a conventional transmission spectrum, to be relatively increas-

ingly enhanced with decreasing wavenumber.

Furthermore, the refractive index of all molecules is not

constant and varies across absorption bands (anomalous dis-

persion). For strong absorption bands n1 can vary between ap-

proximately 1 and 2. This effect causes a shift in the measured

wavenumber of a band with respect to transmission spectra.

Strong bands, particularly when equipment is operating at

high angles of incidence or with an IRE with a low refractive

index such as ZnSe or diamond, may also be accompanied by

the appearance of an underlying first-derivative-like shape

(see above for a discussion of the Christiansen effect in KBr

disks).

Many different geometrical shapes and sizes are used for

IREs. A trapezoidal IRE commonly is incorporated into so-

called horizontal ATR (H-ATR) units. Hemispherical IREs

are the core of some micro-sampling ATR accessories. Rod

or rod-like multiple internal reflection IREs often are used

for on-line monitoring of liquid processes.

Multiple internal reflection (MIR) elements allow the inter-

nally reflected radiation in the IRE to interact several or many

times with the surface layer of the sample with which it is in

contact, thereby increasing the intensity (effective path length)

of the recorded sample spectrum, although it should be noted

that the spectrum recorded still is only characteristic of the

depth probed by a single reflection. The number of internal re-

flections depends on the length and thickness of the IRE. MIR

elements may be several centimeters in length. A typical con-

figuration for a vertically mounted 458 angle of incidence IRE

may allow 25 internal reflections. Today the most commonly

used MIR systems in the pharmaceutical laboratory are those

in which the IRE is mounted horizontally, which are often re-

ferred to as H-ATR accessories. MIR systems based on cylin-

drical rods with cone-shaped ends or similar geometries often

are incorporated as liquid sampling devices in flow-through

solution cells or are utilized for on-line process monitoring.

The trapezoidal-shaped MIR elements incorporated into H-

ATR accessories enable or facilitate study of a wide range of

sample forms, including liquids, solutions, dispersions,

creams, pastes, waxes, semi-solids and soft powders, continu-
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ous flat surface solids, solutions, films cast from solution, and

many more. Micro- and macro-H-ATR accessories are com-

mercially available with 1, 3, 9, or more sample-interaction re-

flections.

Single-reflection, simple prism, and novel design IREs also

are used in commercial H-ATR units. They provide an effec-

tive and convenient means of analyzing and studying samples

in a diverse range of physical forms. In particular, small con-

tact area, single-reflection, fixed angle of incidence H-ATR ac-

cessories have become popular no-preparation sampling

devices within the pharmaceutical industry because they pro-

vide a ready means to record in a simple, quick manner a mid-

infrared spectrum from a limited quantity of almost any con-

densed-phase material. Hemispherical IREs act as focusing

lenses so that the area sampled generally is smaller than that

sampled with prismatic IREs. Even though the IRE may be

opaque to visible light, many accessories listed above allow

some form of viewing capability so that the sample under test

can be inspected.

Single-reflection micro-ATR units have the advantage that

there is virtually no requirement for a solid sample to have a

uniformly flat surface. The test sample is placed in contact

with the IRE sampling area and, if it is a solid, a clamp is used

to compress and secure the sample against the IRE. Hemi-

spherical ATR elements of ZnSe, Ge, and Si also form the

sensing elements for ATR objectives that can be fitted to

mid-infrared FT-IR microscopes. Several of the accessories

are capable of operation at controlled elevated temperatures

that permit, for instance, studies relating to thermally-induced

solid-state form transformations.

The hardness, scratch resistance, chemical inertness, and

mid-infrared transparency over a wide wavenumber range

make Type IIa diamond a unique material for ATR measure-

ments. Even though it does have a broad absorption feature

between ~2400 and 2000 cm–1, for most pharmaceutical appli-

cations this is not prohibitive because this is the region in

which only characteristic stretching bands occur for triple

and cumulated double bonds. Because of cost, the use of Type

IIa diamond as an IRE material usually is restricted to micro-

ATR accessories or when the IRE is used as the sensing ele-

ment in an ATR immersion probe for process monitoring. Di-

amond has a refractive index that is closely matched to that of

ZnSe, so composite IREs can be constructed. Lower-cost fo-

cusing or support optics made from ZnSe can be optically in-

terfaced with a Type IIa diamond ATR sensing element,

thereby minimizing the overall cost of the IRE while still ben-

efiting from the properties of the diamond. On the basis of this

technology, 3- and 9-reflection MIR configurations have been

designed for both laboratory systems and process probes.

External Reflection Spectroscopy

Several types of external reflection infrared spectra can be

measured. For each of the cases that will be discussed in this

section, the sample surface is flat so that the angle of incidence

is equal to the angle of reflection, a condition known as spec-

ular reflection. For bulk sample, the reflectance is governed by

the Fresnel equation, and so this type of measurement is some-

times called Fresnel reflection spectrometry, although it often

is simply called specular reflection, where the term specular

implies that the angle of incidence is equal to the angle of re-

flection.

FRESNEL REFLECTION

The reflectance of any sample depends on the refractive in-

dex and index of absorption of the material, n and k, respec-

tively, the angle of incidence, �, and the polarization of the

radiation. Polarization is defined in terms of the plane of inci-

dence, i.e., the plane that contains the incident and reflected

ray. Radiation polarized parallel to the plane of incidence is

denoted as p-polarized radiation, and radiation polarized per-

pendicular to the plane of incidence is denoted as s-polarized

radiation.1

1 This derives from the German word meaning perpendicular, senk-
recht.
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For normal incidence (� = 08) where there is no difference

between p- and s-polarization, the reflectance is given by:

where n and k are the indices of refraction and absorption,

respectively. For weak absorption bands where k2 is very

small, the reflectance spectrum is largely controlled by the re-

fractive index spectrum. The optical constant spectra, n (~��) and

k (~��), can be readily calculated from the reflectance spectrum,

R (~��), by an algorithm known as the Kramers-Kronig trans-

form, which is available as part of the data processing software

of most contemporary FT-IR spectrometers. In addition, there

are two types of measurement of the spectra of films on flat

metal surfaces, transflection and reflection-absorption spec-

troscopy:

TRANSFLECTION

Transflection describes the external reflection spectrum ob-

tained at near-normal incidence (typically ~308) of a relatively

thick film on a metallic substrate such as the materials used in

some blister packs. A transflection spectrum actually is a com-

posite spectrum that consists of a double-pass absorption spec-

trum that is almost identical to that of a transmission spectrum

recorded from a sample of twice the film thickness. Thus the

thickness of the sample usually is less than 25 mm. Superim-

posed on this transmission spectrum is a much weaker specu-

lar reflection spectrum from the front surface of the film.

Because of the shape of Fresnel reflection spectra, some band

distortion is observed, particularly near the maximum of

strong bands. This distortion can be eliminated, or at least

greatly minimized, if the spectrum is measured using p-polar-

ized radiation at Brewster’s angle (at which the Fresnel reflec-

tance of p-polarized light is zero.)

REFLECTION-ABSORPTION SPECTROSCOPY

When the thickness of the film on a metal substrate is much

less than the wavelength, the absorption of radiation by the

film is always very small. With s-polarized radiation, the ab-

sorption is so small that it is unmeasurable. With p-polarized

radiation, on the other hand, the absorption increases signifi-

cantly with �. When � is greater than 708, it often is possible to

observe bands from surface films that are less than 1 nm in

thickness.

Diffuse Reflection

Spectra recorded from powders or fairly fine granular sam-

ples are known as diffuse reflection (DR) spectra. Most of the

spectrum originates from radiation that has penetrated through

the surface of the sample and has been transmitted through

multiple particles. A relatively small fraction of the DR spec-

trum originates from radiation that has been reflected from the

front surface of the samples and therefore has the shape of a

Fresnel reflection spectrum. Because the shapes of bands in

mid-infrared Fresnel reflection spectra are asymmetrical, the

fraction of Fresnel reflection that contributes to a DR spectrum

should be as small as possible. This may be achieved in a num-

ber of ways, of which the most important and commonly used

is to dilute the sample by mixing it with 90% to 99% of a non-

absorbing diluent such as finely powdered KBr or KCl. The

sample dilution has the added benefit of reducing absorption

band intensities to an appropriate level.

DR spectra largely result from photons that have been trans-

mitted through tens to hundreds of particles and, therefore,

have an appearance similar to that of transmission spectra.

DR spectra do not obey Beer’s Law, however. Instead, the

DR spectrum, R1, is converted to the Kubelka-Munk function,

f (R1):

f (R1) = (1 – R1)2 / 2 R1 (5)
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and f (R1) is equal to the ratio of the absorption coefficient to

the scattering coefficient of the sample. DR usually is calculat-

ed by taking the ratio of the single-beam spectrum of the dilu-

ted sample to the single-beam spectrum of the neat diluent.

Ideally, the sample is ground to the point that the average par-

ticle diameter is 55 mm. The sample/diluent mixture is thick

enough that any increase in its thickness does not lead to a

change in the spectrum. Samples measured in this way are said

to be measured at infinite depth, and the reflectance is given

the symbol R1. For mid-infrared DR spectrometry, the infinite

depth criterion usually is obeyed when the thickness is at least

100 mm, but to be conservative, the depth of most sampling

cups for mid-infrared DR spectrometry is at least 1 mm.

A common way of preparing samples for DR spectrometry

is to overfill the cup and to level the sample with a spatula or

razor blade. However, this way of preparing the sample can

lead to a difference between the scattering coefficient near

the surface and the bulk of the sample. Because the intensity

of DR spectra depends on the scattering coefficient, a better

sample preparation technique is to slightly overfill the cup

and to tap the base of the cup on a bench until the top surface

is level with the rim of the cup.

Several types of accessories are used for the measurement of

DR spectra. On-axis, or bright-field, DR accessories are sim-

ilar to very efficient specular reflection accessories. They are

the most efficient devices for the measurement of DR spectra

but generally give the least rejection of Fresnel reflection. Off-

axis, or dark-field, DR accessories are less efficient than on-

axis devices but reject specular reflection more efficiently.

Compound parabolic concentrators also have been adapted

for DR measurements and appear to be intermediate in effi-

ciency and Fresnel reflection between on-axis and off-axis ac-

cessories. Finally, integrating spheres have been used for DR

spectrometry. These devices are the most accurate photomet-

rically but are the least efficient.

Photoacoustic Spectroscopy

Photoacoustic spectroscopy (PAS) perhaps is less con-

venient than modern micro-ATR analyses but occasionally

has been used in pharmaceutical industry laboratories for sol-

id-state form characterization. In a typical PAS measurement

the sample is held in a small cup that is placed within a small-

volume, sealed chamber (the PAS cell.) The chamber is filled

with an infrared-transparent gas, usually helium. Above the

sample cup an infrared-transparent window is fitted into the

cell body, and the cell body also is equipped with a sensitive

microphone. The infrared beam is modulated in the audio-fre-

quency range, usually by passing it through a standard FT-IR

spectrometer and onto the sample. Mid-infrared radiation ab-

sorbed by the sample is converted to heat, which induces ther-

mal waves that propagate to the sample surface and cause

modulated pressure oscillations (thermal-expansion-driven

pressurization) in the coupling gas. Because the frequency

of these waves is in the audio-frequency range, they are detect-

ed by the microphone. When modulation is effected by an FT-

IR spectrometer, the PAS signal generates an interferogram

that is converted in the normal way to a spectrum. A strongly

absorbing reference material, such as carbon black, is used to

generate a single-beam background spectrum to which the

sample single-beam spectrum is ratioed.

The depth of sample probed in a conventional PAS measure-

ment depends on the relative values of the optical absorption

and thermal diffusion lengths of the sample. The optical ab-

sorption length is the reciprocal of the linear absorption coef-

ficient. The thermal diffusion depth varies with the square root

of the modulation frequency. Thus, higher modulation fre-

quencies probe shallower depths. The modulation frequency

can be varied by altering the scan speed of the interferometer.

Overall signal intensity within a PAS spectrum also can be in-

fluenced by properties such as particle size and packing.
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Microspectroscopy and Imaging

TRANSMISSION MICROSCOPY

In any microscope, the area of a sample under study is de-

fined by one or more remote masking apertures mounted at

focused image planes conjugate to the sample focus plane. If

the sample is mounted on a computer-controlled x–y stage,

then successive neighboring or specified regions can be mea-

sured sequentially. These single-point spectra can be used to

generate absorbance-intensity contour maps or false-color im-

ages that highlight differences or inhomogeneities across the

area mapped. Such maps also can be generated by moving

the sample manually, but this procedure can be very time con-

suming. The linear dimension of the smallest sample that can

be studied by mid-infrared FT-IR microscopy is approximate-

ly equal to the wavelength, i.e., ~10 mm. In practice one usual-

ly can record a single-point spectrum of acceptable signal-to-

noise ratio (SNR) and spectral resolution within a reasonable

time-scale from a masked sample area of 10-mm diameter in

about a minute. For mapping over a relatively large sample

area, where hundreds or even thousands of spectra are needed,

a much more time-efficient process is to use an FT-IR micro-

scope equipped with an array detector. Variable temperature

studies with thermomicroscopy observations and variable

temperature studies undertaken on a FT-IR microscope can

be particularly useful for studying solid-state form and ther-

mally induced transitions in situ.

As with macroscopic sampling, microsamples presented for

transmission FT-IR microscopy measurements should be flat.

For a full mid-infrared fingerprint spectrum they should be of

an appropriate thickness, which in the case of many APIs may

require a sample of ~10-mm thickness or less. Compression

cells are particularly useful for thinning a sample. A thinned

sample can be examined under compression or (less preferab-

ly) with the top window of the cell removed and the thinned

sample examined while supported on the bottom window. A

good practical means of providing an appropriate sample from

which to record a single-beam background spectrum is to

mount a small particle of KBr alongside the sample and thin

both by compression under the same conditions. The single-

beam spectra of the sample and reference materials can then

be measured under the same conditions simply by moving

the compression cell using the x–y stage of the microscope.

Many continuous solids such as polymers used in packing

or fibers found as contaminants can be prepared to an appro-

priate thickness and examined in a compression cell by FT-IR

microscopy. Rolling with a tool specifically designed for this

purpose can also sometimes decrease the thickness of soft

samples. Laminated samples can be sectioned using a micro-

tome and can be examined either free-standing or supported

on an infrared transparent window. It is a common practice

to microtome a cross-section from a multi-layer polymer lam-

inate film so that its layer structure can be analyzed by FT-IR

microscopy.

REFLECTION MICROSCOPY

All four types of reflection spectroscopy discussed above

can be implemented on microscopes. Most microscopes have

optical configurations that enable them to be switched from

transmission to reflection measurements if the operator

switches a simple flip mirror. The angle of incidence for these

measurements usually is between 308 and 458 so that both

Fresnel reflection and transflection measurements can be car-

ried out easily. In contrast, special microscope objectives are

required for ATR or reflection-absorption spectrometry.

For ATR microspectroscopy the sample under investigation

is supported on the microscope stage, and the ATR objective is

lowered until the IRE is in optical contact with the uppermost

surface of the sample. Reproducible contact pressure may be

achieved by the use of a pressure gauge. A disadvantage of

using a Ge IRE is that, unlike ZnSe, it does not transmit visible

light, which precludes in situ visual inspection of the sample.

ATR mapping using a computer-controlled mapping stage, in

a manner analogous to that of transmission mapping, also is

possible, but this usually is restricted to soft materials.

Pharmacopeial Forum
1276 SECOND IN-PROCESS REVISION Vol. 34(5) [Sept.–Oct. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



HYPERSPECTRAL IMAGING

The term hyperspectral imaging came into use to describe

the process whereby a focal plane array (FPA) detector is used

to record simultaneously an array of spectra from a stationary

sample. Each pixel of the array records a spectrum of a differ-

ent region of the sample. This approach is a much more time-

efficient process than that of single-point mapping if many

spectra are measured from a large sample area. Typical array

sizes for mid-infrared applications are 2566 256, 1286 128,

and 646 64. The individual mercury cadmium telluride

(MCT) detector elements (pixels) of most FPAs are 6.25 mm

6 6.25 mm. The detectors that are incorporated in the FPA are

photovoltaic (PV) detectors, unlike the single-element photo-

conductive (PC) MCT detectors that are used for many

FT-IR measurements (see below). Whereas PC MCT

detectors operate at least to 750 cm–1, PV detectors that are in-

stalled in FPAs typically have a low wavenumber cut-off in the

region of ~900 cm–1. Limitations in digital electronics in the

mid-1990s restricted use of these arrays to FT-IR spec-

trometers operating in a step-scan mode. Today, advances in

digital electronics and FPA design enable 646 64 MCT FPAs

to be used with an FT-IR spectrometer operating in the more

conventional continuous-scan mode. The three-dimensional

array of data, two spatial and one spectral, recorded in such

an imaging measurement has become known as a hypercube

or data cube.

An alternative way of hyperspectral imaging that is now

commercially available is a hybrid approach in which a linear

array of small PCMCT detectors is used in combination with a

computer-controlled mapping stage. Adjacent regions are rap-

idly repositioned under the array detector until the full spatial

region of interest has been covered. The full field image is

built up as a mosaic of the individual area images recorded.

In one system, which incorporates a 16-detector linear array,

the lower wavenumber cut-off is ~700 cm–1.

Instrumentation

The vast majority of mid-infrared spectra are measured to-

day with an FT-IR spectrometer. These instruments generally

incorporate an incandescent silicon carbide (Globar1-type)

source. The radiation emitted by the source is collimated

and passed into a continuous scanning two-beam interferom-

eter. The rate of change of optical path difference in the inter-

ferometer (usually known as the optical velocity) typically is

on the order of 0.2 to 5.0 cm � s–1. The actual value depends on

the detector and the analog-to-digital converter (ADC.) The

beam emerging from the interferometer then is focused at

the center of the sample compartment of the spectrometer by

an off-axis paraboloidal mirror. After being transmitted

through, or reflected from, the sample, the beam is focused on-

to the detector. This signal is called an interferogram. The in-

terferogram is a record of the variation of the ac-component of

the energy incident on the detector as a function of the optical

path difference (retardation) of the interferometer. The Fourier

transform of the interferogram is the single-beam spectrum.

A laser beam is usually passed through the center of the in-

terferometer, and the sinusoidal interferogram generated by

this laser is measured by a detector of visible radiation at the

same time as the infrared interferogram by the infrared detec-

tor. The usual laser used for this purpose is a helium-neon

(HeNe) laser with a wavelength of 632.8 nm (15,802 cm–1).

This laser interferogram allows the exact position of the mov-

ing optical element in the interferometer to be determined. In

FT-IR spectrometers equipped with an externally triggerable

ADC, the infrared signal is digitized at each wavelength of

the laser interferogram, typically at the zero crossings. If the

infrared interferogram is sampled once per wavelength of a

HeNe laser, the spectral range is restricted to 0–7901 cm–1,

i.e., one-half the wavenumber of the laser. In some contempo-

rary FT-IR spectrometers a sigma-delta ADC is used. These

ADCs sample the interferogram at constant time intervals rath-

er than at constant intervals of optical path difference, but they
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have a greater dynamic range than do externally triggered

ADCs. In the latter case, the instrument’s software calculates

what the value of the interferogram would have been at the

laser zero crossings.

When one obtains the spectrum of a sample, the single-

beam spectrum of the sample and an appropriate reference

are measured, and the ratio of these two single-beam spectra

is calculated. If the sample is interrogated in the transmission

mode, the ratio is known as the transmittance spectrum, T (~��).

For many measurements, the negative logarithm of T (~��) is cal-

culated to give the absorbance, A (~��). If the sample is interro-

gated in the reflection mode, the ratio is the reflectance

spectrum, R (~��). For ATR, transflection and reflection-absorp-

tion measurements, R (~��) usually is converted to absorbance in

the same way as for transmission spectroscopy. Conversion to

A (~��) is essential for quantitative measurements. For Fresnel

reflection measurements, R (~��) is often subjected to a Kra-

mers-Kronig transformation to yield the absorption index

spectra, k (~��), and refractive index spectra, n (~��). For mid-in-

frared diffuse reflection measurements, R (~��) usually is con-

verted to the Kubelka-Munk function (see Equation 5).

The standard detector used in FT-IR spectrometers is a

room-temperature pyroelectric bolometer, most commonly

deuterated triglycine sulfate (DTGS) or deuterated l-alanine-

doped triglycine sulfate (DLATGS). These detectors respond

to infrared radiation of all wavelengths, and their low wave-

number cut-off is determined by the window behind which

they are mounted. The window typically is selected to match

the material on which the beamsplitter is deposited and usually

is KBr so that the range is restricted to 400 cm–1.

When the sensitivity of pyroelectric bolometers is inade-

quate, e.g., for measurements made through a microscope or

with a gas chromatography interface, the more sensitive MCT

detector is used. MCT detectors generally are operated in the

photoconductive mode and usually are cooled to 77 K with

liquid nitrogen (LN2). Thermoelectrically-cooled MCT detec-

tors are available, but their low wavenumber cut-off is usually

well above 1000 cm–1 and they are not as sensitive as LN2-

cooled MCT detectors. LN2-cooled indium antimonide (InSb)

detectors also may be used. These detectors are more sensitive

than MCT but have a cut-off at 1800 cm–1.

Two problems with MCT detectors should be noted. First,

because they are more sensitive than DTGS detectors they

should be used only when the sample or sampling accessory

attenuates the beam by at least a factor of 10. Otherwise the

ADC will be overloaded at the centerburst of the interfero-

gram, and the photometric accuracy of the spectrometer will

be very seriously affected. If the instrument is equipped only

with an MCT detector (a rare circumstance), a neutral-density

filter may be mounted in the spectrometer beam to reduce the

energy of the beam at the detector to an appropriate level. Sec-

ond, even when the ADC is not saturated, the response of

MCT detectors often is nonlinear at high signal levels near

the centerburst of the interferogram. The effect of this nonlin-

earity is to cause the baseline of the calculated single-beam

spectrum to be displaced from zero. This effect can be seen

readily when one plots the single-beam spectrum between 0

and 4000 cm–1. If the average energy in the single-beam spec-

trum between, say, 400 and 300 cm–1 is above or below zero,

the detector is responding in a nonlinear manner in the region

of the centerburst, and the photometric accuracy of the mea-

surement will be degraded concomitantly. Some vendors sup-

ply software to correct for this effect, but in general the signal

should be reduced by inserting a neutral-density filter, not an

aperture stop, in the beam.

FACTORS THAT AFFECT SPECTRAL RESOLUTION

The main factor that affects the resolution of an FT-IR spec-

trometer is the maximum optical path difference of the inter-

ferogram. The nominal resolution, D ~��, is the reciprocal of the

maximum optical path difference.
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The divergence angle of the beam passing through the inter-

ferometer also may degrade the resolution. The effective col-

limation of the beam that passes through the interferometer is

determined by the limiting aperture of the optical system. In

instruments designed for high resolution (D ~�� 40.5 cm–1),

an adjustable aperture (serving the same purpose as the en-

trance aperture of a monochromator) is installed at a focus be-

tween the source and the interferometer. As the desired

resolution is increased (i.e., D~�� is made numerically smaller),

the diameter of this aperture, which is known as the Jacquinot

stop or J-stop, is decreased, making the divergence angle of

the beam in the interferometer smaller. In lower resolution in-

struments (typically those with a maximum resolution of 1 or 2

cm–1), the detector serves the purpose of the Jacquinot stop.

If the true full-width at half-height of the bands or lines in

the spectrum is less than D ~��, side-lobes are seen on each nar-

row spectral feature. These side-lobes can be eliminated by

apodization, i.e., multiplying the interferogram by a function

that is equal to 1 at the centerburst and decays monotonically

with optical path difference. Besides reducing the amplitude of

the side-lobes, apodization also has the effect of degrading the

resolution (broadening the bands). When an interferogram is

not weighted, it is often (incorrectly) said to be apodized with

a boxcar apodization function, although a better term would be

a boxcar truncation function. The selection of apodization

function should be made on the basis of the purpose of the ex-

periment, but it is usually limited to a few choices.

The Norton-Beer weak, medium, and strong apodization

functions give the optimum combination of side-lobe ampli-

tude for a loss in resolution of 20%, 40%, and 60%, respec-

tively. The Norton-Beer medium apodization function

generally is appropriate for many measurements of con-

densed-phase samples. The Happ-Genzel apodization function

is also a nearly optimal function that degrades the resolution

by about 50% (i.e., it is midway between the Norton-Beer me-

dium and strong functions). The only other commonly used

function is the triangular apodization function. This is a non-

optimal function that has the effect of causing significant de-

viations from Beer’s law and is not recommended.

FACTORS THAT AFFECT PHOTOMETRIC AND

WAVENUMBER ACCURACY

FT-IR spectrometers are intrinsically very precise in both

the ordinate and abscissa scales. They are not always very ac-

curate, however.

Wavenumber Accuracy

The main factors that affect wavenumber accuracy are the

alignment of the laser and infrared beams in the interferometer

and the divergence of the beam passing through the interfe-

rometer as observed at the infrared detector. One might think

that because the wavenumber of the laser beam is known very

accurately, the wavenumber scale of a spectrum measured on

an FT-IR spectrometer should be known to equal accuracy.

However, the laser beam is highly collimated whereas the

beam from the infrared source is not. (A collimated beam

can be obtained only from a point source.) Because both the

source and detector have a finite size, this is never the case. As

the diameter of the Jacquinot stop is decreased, a small wave-

number shift (always less than 0.25 D ~��) will be observed.

When the diameter of a sample is less than the diameter of

the beam focus in the sample compartment or the sampling

accessory, the effect is also to vignette the beam (i.e., to stop

the beam down), and a small wavelength shift will be ob-

served.
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The best wavenumber standard for FT-IR spectrometers

may be a sheet of polystyrene film with a thickness of 37,

50, or 75 mm. Matte films are strongly recommended becau-

seinterference fringes are minimized. The National Institute of

Standards and Technology provides a matte polystyrene film

standard that lists the wavenumbers of several narrow bands.

When the wavenumbers of band maxima are measured, take

care to use appropriate software. The spectrum typically is cal-

culated with 2 points per resolution element; i.e., the interval

between data points is 0.5 D ~��. Thus the wavenumber of the

maximum data point in the spectrum is known only to an ac-

curacy of +0.25 D ~��. This can be improved upon by interpo-

lation, but the wavenumbers of absorption bands is more

precisely determined by either polynomial fitting or calcula-

tion of the band’s center of gravity.

Photometric Accuracy

The main factor that affects the photometric accuracy of FT-

IR spectrometers is the linearity of the detector response. As

noted above, the response of pyroelectric bolometers usually

varies linearly with the energy on the detector, but this is not

the case for MCT detectors. With MCT detectors measure-

ment of the nonphysical energy in the single-beam spectrum

below the detector cut-off is the best way of detecting photo-

metric error.

Beer’s Law Linearity

For quantitative measurements, the spectrum is measured at

a resolution that is at least twice as narrow as the narrowest

band in the spectrum. The use of either the Norton-Beer me-

dium or Happ-Genzel apodization function is recommended.

For optimal photometric accuracy the maximum absorbance

of the analytical bands is no greater than 1.0 absorbance unit

(AU).

INSTRUMENT QUALIFICATION

Because essentially all mid-infrared spectra are measured

with Fourier transform spectrometers today, only these instru-

ments will be discussed here. [NOTE—No recommended val-

ues for signal-to-noise ratio or 100% line stability are

included because these vary with manufacturer, model, and

age of the instrument.]

Wavenumber Accuracy

Because all FT-IR spectrometers today use a laser interfer-

ogram to trigger data acquisition and the wavenumber accura-

cy is governed to a first approximation by the accuracy to

which the wavenumber of the laser is known, rarely is the

wavenumber scale of a spectrum measured on such an instru-

ment with an error41 cm–1. However, a number of secondary

factors can lead to small shifts (usually less than 1 cm–1) in the

wavenumber scale. The following two are the most important:

� Changes in the diameter of the limiting aperture of the

spectrometer. These may be caused by changes in the di-

ameter of the Jacquinot stop or by changes in the sample

or optics of the sampling accessory.

� Changes in the angle at which the reference laser beam

passes through the interferometer after the laser is re-

placed or adjusted.

The wavenumber shift caused by these effects is propor-

tional to the wavenumber in the spectrum: that there is no error

at 0 cm–1 and the largest error is at the Nyquist frequency (i.e.,

the highest wavenumber allowed by the sampling interval of

the interferogram). The shift can be adjusted by changing the

value of the wavenumber of the reference laser in the instru-

ment’s software. The most commonly used wavenumber stan-

dard for infrared spectrometry is a matte polystyrene film of

thickness 37.5 or 50 mm. The spectrum of such films has sev-

eral sharp absorption bands of which the most frequently used
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is located at 1601.4 cm–1. The wavenumber of maximum ab-

sorption of the chosen band can be measured using the center-

of-gravity, polynomial spline technique, or other peak-picking

alogarithms.

Photometric Accuracy

There is no good way of measuring the absolute photometric

accuracy of an FT-IR spectrometer. A good way to test the ac-

curacy of the instrument’s zero-energy level is to check the re-

gion of the single-beam spectrum below the detector cut-off

between 200 and 300 cm–1 when a DTGS detector is used

and between 400 and 300 cm–1 when an MCT detector is used.

The average value of the single-beam spectrum in this region

should be less than 1000 times the maximum value of the sig-

nal in the single-beam spectrum. This criterion usually will be

met when a DTGS detector is used but is rarely met with an

MCT detector.

Sensitivity

The sensitivity of the instrument can be determined by mea-

suring two single-beam spectra under exactly the same condi-

tions and calculating their ratio to produce what is commonly

known as a 100% line. The noise level in different spectral re-

gions can be estimated either as the peak-to-peak noise, i.e.,

the difference between the maximum and minimum values

of the percent transmission in the selected spectral region(s),

or the root-mean-square (rms) noise, i.e., the standard devia-

tion of the spectrum in that region. The rms noise level is the

preferred metric because this calculation involves all the data

in the selected region rather than just the two most deviant

points. Typical measurement conditions to test the sensitivity

of an FT-IR spectrometer equipped with a DTGS detector are

16 co-added scans, a resolution of 2 cm–1, and Norton-Beer

medium apodization. The most commonly used spectral re-

gion is 2200–2000 cm–1 because (a) this is where the perfor-

mance of most mid-infrared spectrometers is highest and (b)

no common atmospheric interferent such as H2O or CO2 ab-

sorbs strongly in this region. However, test other regions close

to the ends of the spectrum, such as 650 to 450 cm–1 and

4000 to 3800 cm–1. The SNR of the spectrometer operating

with certain parameters in a given spectral region is estimated

as 100/(rms noise level in percent transmission).

Stability

The short-term and long-term stability of the instrument also

can be estimated from the deviation of the 100% line from

100%T at the short wavelength (high wavenumber) end of

the spectrum. Short-term stability is estimated by measuring

the two single-beam spectra a few minutes apart and calculat-

ing the 100% line, and the long-term stability is measured by

increasing the time between the two measurements to several

hours.

Signal Averaging

The SNR should increase with the square root of the number

of co-added scans. To test the signal-averaging capability,

measure the SNR with the following numbers of scans, N:

1, 4, 16, 64, 256, 1024, and 4096. A plot of SNR vs.
p
N is

linear if the instrument is correctly averaging signals. An alter-

native way of testing this is to plot log(SNR) vs. log N. This

plot should be linear with a slope of 2.00.&2S (USP32)
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BRIEFING

h857i Ultraviolet-Visible Spectroscopy. This new chapter on ul-
traviolet and visible spectroscopy is being proposed by the General
Chapters Expert Committee Advisory Panel on Spectroscopy. The
advisory panel recommended updating Spectrophotometry and
Light-Scattering h851i, considered by the panel to be the gateway
to other spectroscopy chapters, by eliminating the ultraviolet and vis-
ible topics of the chapter and replacing them with this technique-spe-
cific chapter. The advisory panel proposes this new chapter in order to
better describe modern instruments and techniques. In addition, the
panel proposes draft chapters on Mid-Infrared and Fluorescence
Spectroscopy that also appear in this edition of Pharmacopeial Fo-
rum. This new chapter follows an established effort to broaden and
update the general chapters already in USP. This general chapter is
based on a document written by John P. Hammond. The advisory
panel is grateful for the receipt of this document.

(GC: G. Ritchie) RTS—C59984

Add the following:

&h857i ULTRAVIOLET-VISIBLE
SPECTROSCOPY

INTRODUCTION

Ultraviolet-visible (UV-vis) spectroscopy shares many of

the principles that apply to other spectroscopic measurements

discussed in Spectrophotometry and Light-Scattering h851i.

UV-vis is an electronic transition spectroscopic technique

wherein the interaction between incident radiation and elec-

trons may be regarded as the promotion of one or more of

the outer or the bonding electrons from a ground state into a

state of higher energy. This quantum effect results in a specific

absorption of radiation, the frequency and wavelength of

which is governed by the equation:

E = h� = hc / l 6 109

where E = energy; h = Planck’s constant (6.636 10–34J � s); �

is the frequency (Hz) and is related to the energy change, DE,

induced when electromagnetic radiation is absorbed through

DE = h� per photon; c is the velocity of light (2.9986 108

ms-1); and l is the wavelength measured in nm.

Even the simplest molecules have a large number of discrete

energy levels and closely spaced levels adjacent to them

caused by atomic vibration within the molecule. Overlap of

these vibrational bands onto the electronic spectrum causes

the measured spectra to appear as a broad, bell-shaped peak.

As a general rule, most molecules absorb somewhere in the

UV-vis region. The greater the extent that the p electrons are

delocalized, the longer the wavelength of its first absorption

band, i.e., the band of lowest energy and longest wavelength.

QUALITATIVE AND QUANTITATIVE UV-VIS

MEASUREMENTS

Two general classes of measurements are commonly per-

formed by UV-vis spectrometry: qualitative and quantitative.

Qualitative UV-Vis Measurements

UV-vis spectra lack the specificity shown by infrared (IR)

spectra. Qualitative UV measurements tend to be restricted

to general molecular size identification and/or peak wave-

length assignment for chromatographic detection. In some

cases, IR may not be feasible for identification purposes, be-

cause of the complexity of the dosage form or the small

amount of drug substance in the dosage form. In these in-

stances, the combination of UV spectra obtained from a chro-

matographic peak and the comparison of the retention time

with a standard, generally form an acceptable means of iden-

tification.
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Quantitative UV-Vis Measurements

The absorbance (A) of a solution is defined as the logarithm

to base 10 of the reciprocal of the transmittance (T) at given

wavelength, l:

A = log10(1 / T) = log10(I0 / I)

and

T = I / I0

where I0 is the intensity of the incident radiation at wave-

length, l, and I is the intensity of the transmitted radiation at

the same wavelength.

In the absence of any other physical or chemical factors, A is

proportional to path length b, through which the radiation

passes, and to the concentration c of the substance in solution

in accordance with the equation:

A = � � cb

where �is the molar absorptivity, b is expressed in centimeters,

and c in M �L–1.

The expression A1%
1cm , which represents the specific absor-

bance of a dissolved substance, refers to the absorbance of a

10 g �L–1 solution in a 1-cm cell measured at a defined wave-

length so that:

A1%
1cm = 10� / Mr

where Mr is the molar concentration of solution.

FACTORS THAT AFFECT QUANTIFICATION

Sample-Based Factors

The most important sample-based factors that deleteriously

affect quantitative UV-vis spectrometry are fluorescence and

light scattering. If the sample matrix includes fluorescent com-

pounds, the measured signal usually will contain a contribu-

tion from fluorescence. The wavelength range and intensity

of the fluorescence depend on the chemical composition of

the fluorescent material.

Any suspended solid particulate material will scatter light

by the Tyndall effect, causing a decrease in the measured in-

tensity, which increases as the wavelength decreases. Unless

there is no alternative, absorbance should not be determined

on turbid samples. Procedures for removing turbidity include

filtering, centrifuging, or flocculating the sample and are per-

formed prior to any additional procedures that generate a chro-

mophore, provided that they do not affect the concentration of

the analyte or the chromophore in the test solution. Any mea-

surements performed on a turbid solution will be highly instru-

ment specific and may be used only for comparative purposes

on the same system.

Sampling Factors

CELLS

The most common cell path length is 10 mm, although path

lengths from 0.01 to 100 mm are commercially available. For

samples with low absorbance, improved sensitivity generally

can be obtained by increasing the cell path length. For exam-

ple, the theoretical absorbance of a solution in a 50-mm cell

will be greater by a factor of five compared to same solution

in a 10-mm cell. Errors in absorption readings arising from

cells almost always are caused by dirty windows, which

may absorb a significant proportion of the incident light beam.

Less frequent causes of error are an incorrect choice of cell

material for the wavelength required, e.g., use of glass cells
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below 320 nm; nonrepeatability of cell positioning; differenc-

es in cell window thickness; nonparallelism of optical win-

dows; or impurities in cell window materials. A 10-mm cell

manufactured with a + 0.005-mm tolerance will add a

0.005 A contribution to the overall uncertainty, when measur-

ing at the one absorbance unit. As a general guide, the cell

chosen should have a transmittance value of 475%, when

filled with the appropriate solvent and measured at the wave-

length of interest.

Carefully clean cells before use and store in such a manner

as to avoid contamination when they are not in use. Cells in

frequent and repeated use, e.g., flow cells, may be stored wet

in high-purity water or 1% (v/v) nitric acid. Do not use cracked

or scratched cells. Wipe cells carefully with a soft, clean, lint-

free cloth before they are placed in the spectrophotometer. Do

not use lens-cleaning paper or any other form of paper clean-

ing tissue, because these will either scratch or allow contami-

nation of the optical face.

It is preferable to use a single cell for all measurements of

both the reference and samples. However, when several sam-

ple cells must be tested against one reference cell, they all

should be closely matched in their characteristics. Whenever

possible, measure standards and samples at the same time and

under the same conditions to minimize the potential for bias.

The reference cell contains the same solvent as that used in the

sample cell and is checked against the sample cell at all wave-

lengths at which measurements are required. Apply correc-

tions for differences between cells to absorbance readings

obtained from the solutions under examination. The maximum

allowable correction is + 0.01 absorbance unit. Always use

the same cell in the reference beam with the same face incident

to the light beam. Flush the sample cell three times with the

sample solution before the final filling prior to measurement.

The use of flow cells effectively addresses many of these cell

handling and filling issues. Ensure that the contents in both the

sample cell and the reference cell are free from gas bubbles

and particles. If flow cells are used, degassing prior to mea-

surement may be required to avoid the formation of air bub-

bles in the cell.

A sequence of activities is used to monitor the quality of the

measurement process and to ensure that the contents are repre-

sentative of the sample under measurement. Drift of the spec-

trophotometric baseline can be detected by measuring the

blank at the start and end of the sample sequence. Adequate

flushing of the cell can be confirmed by alternating between

measurement of the standard (high concentration) and the

blank (zero concentration) at the start of the measurement se-

quence. This latter check is particularly important for automa-

ted systems, which can generate reproducible but inaccurate

results due to inadequate flushing.

CARE OF CELLS

Cells should never be handled by the optical polished faces.

Rinse off residual or spilled solution. If cells are properly

cared for, rigorous cleaning methods rarely will be needed, es-

pecially if the cells are cleaned immediately after use. Contam-

inated cells constitute the greatest single source of error in

spectrophotometry. Although acid solutions will simply con-

taminate, alkaline solutions can etch all types of polished glass

surfaces, and the degree of attack depends on the pH and con-

tact time. When cleaning cells, take care that the optical faces

are not scratched or chipped. Commercial cleansing solutions

are available and can be used, provided that they are diluted

before use, in accordance with the manufacturers’ recommen-

dations. After being cleaned with such agents, the cells should

be carefully and thoroughly rinsed with high-purity water. If

this fails to clean the cells, then soaking them in cold, concen-

trated nitric or hydrochloric acid is acceptable. Flow cells are

best cleaned in situ, provided that the solvent does not interact

with the connecting tubing. If the cells are stored for an ex-

tended period, then they should be dried quickly after clean-

ing, by blowing dry using a compressed gas stream in a clean,

dust-free environment.
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ALIGNMENT AND FILLING OF CELLS

Align the cells so that the same optical face is always inci-

dent to the light beam. Most cells have type identification en-

graved on one face: this can be used to ensure consistent

orientation. If there are no markings, a small mark may be

made on one face, outside the area of the light beam. The

use of cells with no type markings is not recommended, but

if they are used, confirm their suitability for the intended ap-

plication. If provided with the instrument, individual cell hold-

ers should always be used in the same beam, e.g., by use of

appropriate markings.

CELL CORRECTIONS

If multiple cells are used, differences in the optical transpar-

ency of individual cells will introduce a systematic bias, unless

the latter is accounted for by a cell correction. Do not use cor-

rections in excess of 0.01 absorbance unit. To determine if cell

corrections are necessary, fill all cells with the appropriate sol-

vent and measure the differences in absorbance at the required

analytical wavelengths. This is repeated after cleaning to en-

sure that differences in absorbance are related to the cells and

are not the result of contamination. Fill and check the cells re-

peatedly, until the results are consistent. Investigate any appre-

ciable change in cell corrections because it indicates

contamination, damage to the cells, or incorrect adjustment

of the instrument.

INSTRUMENTAL FACTORS

Because most spectrophotometric procedures require good

spectral resolution, the spectral bandwidth is of great impor-

tance. Use the narrowest slit width that will provide an ade-

quate signal-to-noise ratio, because optimum resolution is

achieved when the signal-to-noise ratio is maximized. If ac-

cess to a variable-bandwidth instrument is available, then

the optimum setting can be defined as the largest bandwidth at

which no significant reduction in peak intensity is observed. In

practical terms, for molecules of pharmaceutical interest in so-

lution, a spectral bandwidth of 2 nm is considered adequate.

Stray radiation, commonly referred to as stray light, can be

defined as radiant energy at wavelengths other than those in-

dicated by the monochromator setting that reaches the detec-

tor, and all radiant energy that reaches the detector without

having passed through the sample or reference solutions. It

may be caused by any scattered radiation from imperfections

in the dispersing medium, which is commonly a grating. The

use of a holographic grating substantially reduces the levels of

this source of stray radiation. Higher quality ruled gratings

yield a low level of scattered radiation. In higher performance

instruments, stray radiation can be reduced by the use of dou-

ble monochromators or double-pass monochromators. Stray

radiation, or apparent stray radiation, also may be caused by

light leaks in the system, incorrect wavelength calibration, in-

correct optical alignment, reduced source output, or reduced

detector response.

APPARATUS

Components

All modern UV-vis measurements involve detecting and

measuring the intensity ratio of a source of the radiation at a

certain wavelength in the presence or absence of the absorbing

sample. Dispersion of the light to achieve the desired resolu-

tion may occur before or after introduction of the sample, but

all commercial UV-vis instruments share the following fea-

tures to perform these functions:

1. Continuum source

2. Monochromator or polychromator

3. Sampling area

4. Detector
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CONTINUUM SOURCE

Two major types of continuum source currently are in use:

continuous and pulsed. Continuous sources include tungsten

halogen for visible; deuterium arc for UV; and xenon arc for

both. The source for pulsed radiation is the xenon flash lamp.

Many UV-vis instrument systems use a combination of deu-

terium and tungsten halogen to effectively cover the UV and

visible regions, respectively. By necessity, source selection is

achieved either with the use of a mirror or by physical move-

ment of the lamps. This change is usually performed in the re-

gion of 320 to 350 nm, and thus qualification of the system

must be performed using both source and mirror positions.

Systems based on xenon lamps have the benefit of a single

source and a higher energy output, but they are more expen-

sive.

MONOCHROMATOR

The wavelength scale may be encoded by either a scanning

monochromator or a grating polychromator, as is the case for

spectrometers equipped with linear or two-dimensional array

detectors. A discussion of the specific benefits and drawbacks

of each of the dispersive designs is beyond the scope of this

general chapter. Any properly qualified instrument should be

suitable for qualitative measurements. However, care must be

taken when selecting an instrument for quantitative measure-

ments, because dispersion, response linearity, and stray light

may not be uniform across the full spectral range.

SAMPLING AREA

Numerous sampling arrangements are available in addition

to the cell holders that are designed to accommodate various,

path-length configrations based on conventional rectangular

cells. These include flow cells, fiber optic-based immersion

probes, micro-well plate configurations, and automated sam-

ple changers, among others. However, considerations such

as sampling volume, speed of measurement, and reproducibil-

ity of sample presentation should be evaluated to optimize the

sampling device for any given application.

DETECTOR

Photoelectric detectors, which are the most common form of

UV-vis detectors, generate an electric current that is directly

proportional to the intensity of the radiant energy incident up-

on them. They may take the form of photosensitive semicon-

ductor devices, either discrete detectors or linear or two-

dimensional arrays, or photomultipliers. Photosensitive semi-

conductor devices include solid-state photodiodes and charge-

coupled device arrays (CCDs) and phototransistors. The most

common semiconductor material is silicon, which is sensitive

to wavelengths in the range from 400 to 800 nm, but some si-

licon devices have extended sensitivity from as short a wave-

length as 190 nm to as long a wavelength as 1100 nm. The

dynamic response of these detectors typically is four orders

of magnitude. Most array detectors are made of silicon, and

hence have a similar wavelength response. Other semiconduc-

tor materials can provide wavelength response to several mi-

crometers. In contrast, photomultipliers are vacuum detectors

that have a photocathode, in which photon energy releases

electrons that are directed by the applied field to electron-sen-

sitive plates. By a cascade effect, these dynodes amplify the

electrons released initially by the absorption of the incident ra-

diation. Photomultipliers have typical wavelength response in

the range of 160 to 900 nm, although some photocathode ma-

terials can provide response to higher wavelengths. The dy-

namic response of these detectors typically is six orders of

magnitude or higher.

Calibration

UV-vis instrument calibration involves two components:

primary wavelength (x-axis) and intensity (y-axis), and is often

performed upon initialization of the instrument. In the case of
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UV-vis instruments, most dispersive instruments utilize atom-

ic emission lines from either the source or a secondary lamp

for primary wavelength (x-axis) calibration, in addition to the

zero-order position in the monochromator. These calibration

procedures may be available to the user, depending on the ven-

dor. Calibration of photometric scale (y-axis) is critical for suc-

cessful quantification and method transfer between

instruments. Although the fundamental measurement relies

on a simple ratio measurement, modern instruments may use

several gain settings or amplification factors to ensure a linear

detector response, particularly at low intensity levels and high

power settings. These gain settings are often initially set at the

manufacturers, but they may be recalibrated as the optics age

or other changes take place.

External Calibration

Detailed functional validation employing external certified

reference materials is recommended to demonstrate suitability

for laboratory instruments, even for instruments that possess

an internal calibration capability. The use of external reference

materials does not obviate the need for internal quality control

procedures. Rather, it provides independent documentation of

the fitness of the instrument to perform the specific analysis or

purpose.

QUALIFICATION OF UV-VIS

SPECTROPHOTOMETERS

The suitability of a specific instrument for a given procedure

is ensured by a thorough technology evaluation for the appli-

cation: design qualification (DQ); installation qualification

(IQ); an initial performance-to-specification qualification, also

known as operational qualification (OQ); and the more fre-

quent performance qualification (PQ). See Analytical Instru-

ment Qualification h1058i. The purpose of the technology-

suitability evaluation is to ensure that the technology proposed

is appropriate for the intended application. The purpose of the

instrument qualification is to ensure that the instrument is suit-

able for its intended application and, when it is requalified pe-

riodically, that it will continue to function properly over

extended time periods. When the device is used for a specific

quantitative analysis, regular PQs are made.

As with any spectrometric device, a UV-vis instrument

needs to be qualified for both wavelength (x-axis) and photo-

metric (y-axis, or signal axis) accuracy and precision, and in

addition, the fundamental parameters of stray light and resolu-

tion must be established.

OQ is performed at designated intervals or following a re-

pair or significant optical reconfiguration, such as the replace-

ment of the grating, wavelength drive mechanism, etc.

Included in this list is the relocation of an instrument, either

inside or outside a given laboratory. Full instrument requalifi-

cation may not be necessary when changing between sampling

accessories such as a sample holder, multiple cell transport, or

a fixed, fiber-optic probe. Performance verification tests may

be sufficient in these cases, and users should follow instru-

ment-specific guidance from the vendor regarding qualifica-

tion requirements.

PQ is carried out on the instrument configured for the ana-

lytical measurements and is performed more frequently than

OQ.

Instrument Operational Qualification

The acceptance specifications given in both the instrument

OQ and PQ are applicable for general use. Specifications for

particular instruments and applications can vary depending on

the analytical procedure used and the desired accuracy of the

final result.

When possible, employ certified reference materials in the

procedures detailed below in preference to laboratory-pre-

pared solutions. This will effectively isolate IQ from the test

environment, thereby simplifying any resulting investigation

after an out-of-specification (OOS) incident. When these ma-

terials are obtained from a recognized accredited source, e.g., a
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vendor accredited to ISO 17025 and ISO Guide 34, they have

independently verified traceable value assignments, with asso-

ciated calculated uncertainty.

It should also be noted that specific parameters such as spec-

trometer noise, limits of detection (LOD), limits of quantifica-

tion (LOQ), and acceptable, spectral bandwidth for any given

application are to be included as part of the analytical method

development. Specific values for tests such as spectrometer

noise and baseline stability depend on the instrument chosen

and the purpose required. As a result, specific instrument tests

for these parameters are not dictated in this general chapter.

Control of Wavelengths

Ensure the accuracy of the wavelength axis (x-axis) via cal-

ibration to maintain the integrity of UV-vis peak positions and

thus also ensure that the wavelength value chosen for quanti-

tative measurements is correct. Verify the wavelength scale us-

ing one or more of the following three procedures:

1. Use of Atomic Line Spectra—This technique is de-

scribed as the primary application, because the emission lines

produced from a discharge lamp are characteristic of the

source element, and as a fundamental physical standard, these

wavelengths have been measured with an accuracy of much

better than +0.01 nm. For these reasons, the values are cited

with zero uncertainty. The lamp should be placed at the source

position in the spectrophotometer, and for this reason, can only

be used in spectrophotometers that can be operated in a single-

beam intensity mode. A commonly employed low-pressure

mercury lamp has a number of intense lines that cover a large

part of the UV and visible range.
2. Use of Rare Earth Oxide Solutions—This procedure

uses solutions of rare earth oxide prepared by dissolution in

acid media: the most frequently used is holmium oxide in per-

chloric acid. The reference wavelengths have been well de-

fined by the National Institute of Standards and Technology

(NIST)1 and a suitable, certified reference material is available

commercially from multiple vendors. Upon obtaining a rare

earth oxide solution, the spectrum can quickly be observed o-

ver the desired range by selecting the normal scan mode on the

spectrometer. [NOTE—Rare earth spectra are complex, and

therefore some peaks may not be fully resolved, even using

the smallest available spectral bandwidth setting of the instru-

ment. This effect is manifested as an apparent shift in the peak

position, as the resolution is varied. For this reason, always

match the following reference values of peak wavelength for

4% solution at 1.0 nm spectral bandwidth (NIST) to the spec-

tral bandwidth employed: 241.12, 249.87, 278.13, 287.19,

333.47, 345.39, 361.25, 385.61, 416.26, 451.40, 467.82,

485.23, 536.56, and 640.50 nm.]

3. Use of Rare Earth Glasses—This procedure uses glasses

manufactured by fusing the appropriate rare earth oxide in sil-

ica. The most frequently used is holmium, for which the ref-

erence wavelengths have been well defined. Although

manufacturing can cause batch variation in these glasses,

traceable certified reference materials are available and can

be used. Typical values for a holmium glass using a 1.0-nm

spectral bandwidth are the following: 241.46, 279.24,

287.48, 333.82, 360.87, 418.77, 445.75, 453.69, 460.20,

536.49, and 637.67 nm. The permitted tolerance is + 1 nm

for the UV region and + 3 nm for the visible region.

Control of Absorbance

In order to establish the transmittance accuracy and linearity

of a given system, verify the absorbance accuracy of a system

using the following procedures, as appropriate for the wave-

length range required:

1. Use of Acidic Potassium Dichromate Solutions in

0.001M Perchloric Acid—In the 0–200 mgL–1 range, potas-

sium dichromate solutions will provide reference values of up

to three absorbance units at one of the certified values of 235,

1 Burke, R.W. and Mavrodineanu, R. Standard Reference Materials:
Certification and use of acidic potassium dichromate solutions as an
ultraviolet absorbance standard—SRM 935. NIST Special Publica-
tion 260-54; 1977.
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257, 313, or 350 nm. These solutions are available as certified

reference materials or can be prepared according to NIST 2

from SRM 935a.

2. Neutral-Density Glass Filters—Manufactured from

doped glass, these gray glass filters have a nominally flat spec-

trum in the region of the calibration wavelengths and will pro-

vide reference values of up to three absorbance units at the

certified values of 440, 465, 546.1, 590, and 635 nm. These

filters are available as certified reference materials that are

traceable to NIST SRM 930e, 1930, and 2930. The permitted

tolerance is + 0.01 A.

Limit of Stray Light

Stray light may be detected at a given wavelength with a

suitable liquid filter. These solutions are available as certified

reference materials or can be prepared at the concentrations

shown in Table 1 using analytical reagent (AR) grade mate-

rials. Measure the absorbance of the filters specified in the ta-

ble against the appropriate reference, and record the maximum

absorbance value.

Table 1. Recommended Solutions

Spectral

Range

(nm) Liquid or Solution

Path Length

(mm)

210–259 Aqueous NaI/KI (10 gL–1) 10.0

250–320 Acetone 10.0

300–385 Aqueous NaNO2 (50 gL–1) 10.0

NOTE—For some instruments where absorbance values

greater than 3 A can not be reported directly, this procedure

may require a two-step process whereby the sample beam ini-

tially is attenuated by a 1- to 2-A filter, the value of which is

measured and recorded. After zeroing the instrument with this

filter in place, measure the stray-light filter, and again record

the absorbance value. The estimated stray light value is now

the sum of these two absorbance readings.

Alternatively, using a 5-mm path length cell (filled with the

same filter) as the reference cell, while measuring the 10-mm

cell, calculate the stray-light value from the observed maxi-

mum absorbance using the formula:

0.256 10–2A

where A is the observed maximum absorbance. The permitted

tolerance is 43.5 A. It should be stressed that stray light

should never be measured using a neutral density filter. Cau-

tion should be used when interpreting results using this ap-

proach.

Resolution

Determine the resolution of the spectrophotometer using the

following procedure: measure the ratio of the absorbance of a

0.020% (v/v) solution of toluene in hexane (UV grade) at the

maximum and minimum at about 269 nm and 266 nm, respec-

tively, using hexane as the reference. The absorbance ratio ob-

tained will depend on the spectral bandwidth of the

instrument. These solutions sealed in 10-mm cells are com-

mercially available as reference materials. For instruments

with a spectral bandwidth of 1.8 nm or less, an absorbance ra-

tio of not less than 1.5 should be achievable.

PERFORMANCE QUALIFICATION

The objective of performance qualification is to ensure that

the instrument is performing within specified limits, with re-

spect to wavelength precision, photometric axis precision,

and sensitivity. Measuring the respective references chosen

for the wavelength, absorbance, and stray-light operational

qualification, as well as charting the results can effectively

control these parameters.

Establish warning limits at + 2s from the median and con-

trol limits at + 3s.&2S (USP32)

2 J.C. Travis, et al. Intrinsic wavelength standard absorption bands in
holmium oxide solution for UV/Visible molecular absorption spec-
trophotometry. J Phys Chem Ref Data. 2005;34(1):41.
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BRIEFING

h905i Uniformity of Dosage Units, USP 31 page 363. This
general test chapter represents the Stage 5B text signed off by the
Pharmacopeial Discussion Group members. It includes national text
specific to USP, and revisions to the signed-off text proposed on
page 1201 of PF 32(4) [July–Aug. 2006], and made official on
January 1, 2007, via the Sixth Interim Revision Announcement
pertaining to USP 29–NF 24. Subsequent analysis of residual
differences between the USP and the signed-off texts indicated
opportunities for increased harmonization that would not negatively
impact the USP standard if implemented. The following changes are
proposed:

1. Deletion of the 5-second drain time in the content uniformity
procedure for oral solutions in unit-dose containers, and for
suspensions, emulsions, or gels in unit-dose containers that are
intended for systemic administration. The deleted wording is
replaced with instructions to conduct the Assay on the material
that is removed in conditions of normal use. A similar change is
made to the weight variation procedure for oral solutions
packaged in unit-dose containers.

2. Revision of the definition of target content, T, to 100% of label
claim, giving the monograph specification precedence where an
approved target value other than 100% is to be used. This will
allow application on a case-by-case basis, defined within the
individual monograph.

3. A further and more substantive change in the definition of the
W used in the Weight Variation procedure is proposed. Current
USP text defines W as the average weight of the units used for
the Assay. This is at variance to the harmonized definition that
gives W as the average of the units taken for the weight
variation test. The change returns the text in USP to the sign-off
wording.

4. This proposed revision also distinguishes USP-specific national
text from the signed-off harmonized text. The symbols (^^) are
added to indicate national text.

5. In addition, a change is proposed to the USP-specific national
text relating to the criteria for dosage forms not subject to the
harmonization effort at this time. ‘‘Solutions for inhalation
packaged in glass or plastic ampuls and intended for use in
nebulizers’’ is added to the criteria section currently applied to
Transdermal Systems, and Inhalations Packaged in Premetered
Dosage Units. This corrects an omission in the revision, and
returns to the general chapter content existing for those dosage
forms prior to harmonization.

(PDF: W. Brown) RTS—C66973

Change to read:

h905i UNIFORMITY OF DOSAGE
UNITS

&This general chapter is harmonized with the correspond-

ing texts of the European Pharmacopoeia and the Japanese

Pharmacopoeia. Portions of the general chapter text that are

national USP text, and are not part of the harmonized text are

marked with symbols (^^) to specify this fact.&2S (USP32)

^[NOTE—In this chapter, unit and dosage unit are synonymous.]^

To ensure the consistency of dosage units, each unit in a batch
should have a drug substance content within a narrow range around
the label claim. Dosage units are defined as dosage forms containing
a single dose or a part of a dose of drug substance in each unit. The
uniformity of dosage units specification is not intended to apply to
suspensions, emulsions, or gels in unit-dose containers intended for
^topical^ administration.
The term ‘‘uniformity of dosage unit’’ is defined as the degree of

uniformity in the amount of the drug substance among dosage units.
Therefore, the requirements of this chapter apply to each drug
substance being comprised in dosage units containing one or more
drug substances, unless otherwise specified ^in the individual
monograph.^
The uniformity of dosage units can be demonstrated by either of

two methods, Content Uniformity or ^Weight^Variation (see Table
1). The test for Content Uniformity is based on the assay of the
individual content of drug substance(s) in a number of ^individual^
dosage units to determine whether the individual content is within
the limits set. The Content Uniformity method may be applied in all
cases. ^The test for Content Uniformity is required for those dosage
forms described in (C1)–(C6) below:

(C1) coated tablets, other than film-coated tablets containing
25 mg or more of a drug substance that comprises
25% or more (by weight) of one tablet;

(C2) transdermal systems;
(C3) suspensions or emulsions or gels in single-unit

containers or in soft capsules that are intended for
systemic administration only (not for those drug
products that are intended for topical administra-
tion);

(C4) inhalations (other than solutions for inhalation packaged
in glass or plastic ampuls and intended for use in
nebulizers) packaged in premetered dosage units.
For inhalers and premetered dosage units labeled for
use with a named inhalation device, also see
Aerosols, Nasal Sprays, Metered-Dose Inhalers,
and Dry Powder Inhalers h601i;

(C5) solids (including sterile solids) that are packaged in
single-unit containers and that contain active or
inactive added substances, except that the test for
Weight Variation may be applied in the special cases
stated in (W3) below; and

(C6) suppositories.^

The test for ^Weight^Variation is applicable for the following
dosage forms:

(W1) ^solutions for inhalation that are packaged in glass or
plastic ampuls and intended for use in nebulizers,
and oral^ solutions ^packaged^ in unit-dose con-
tainers and into soft capsules;

(W2) solids (including sterile solids) that are packaged in
single-unit containers and contain no added sub-
stances, whether active or inactive;

(W3) solids (including sterile solids) that are packaged in
single-unit containers, with or without added
substances, whether active or inactive, that have
been prepared from true solutions and freeze-dried in
the final containers and are labeled to indicate this
method of preparation; and

(W4) hard capsules, uncoated tablets, or film-coated tablets,
containing 25 mg or more of a drug substance
comprising 25% or more, by weight, of the dosage
unit or, in the case of hard capsules, the capsule
contents, except that uniformity of other drug
substances present in lesser proportions is demon-
strated by meeting Content Uniformity requirements.

The test for Content Uniformity is required for all dosage forms
not meeting the above conditions for the ^Weight^ Variation test.
^Where compliance with the Content Uniformity test is required,
then, by application of the provision for use of alternative methods
provided in the General Notices section of this Pharmacopeia, it is
possible for manufacturers to ensure this compliance by application
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of theWeight Variation test where the concentration relative standard
deviation (RSD) of the drug substance in the final dosage units is not
more than 2%. This RSD determination may be based on the
manufacturer’s process validation and product development data.^
The concentration RSD is the RSD of the concentration per dosage
unit (w/w or w/v), where concentration per dosage unit equals the
assay result per dosage unit divided by the individual dosage unit
weight. See the RSD formula in Table 2. ^Where the Weight
Variation test is used in this way, the product must, if tested,
nevertheless comply with the official compendial test for Content
Uniformity.^

Change to read:

CONTENT UNIFORMITY

Select not fewer than 30 units, and proceed as follows for the
dosage form designated. ^Where the amount of drug substance in a
single dosage unit differs from that required in the Assay, adjust the
degree of dilution of the solutions and/or the volume of aliquots so
that the concentration of the drug substances in the final solution is
of the same order as that obtained in the Assay procedure; or, in the
case of a titrimetric assay, use a titrant of a different concentration, if
necessary, so that an adequate volume of titrant is required (see
Titrimetry h541i); see also Procedures under Tests and Assays in the
General Notices and Requirements. If any such modifications are
made in the Assay procedure set forth in the individual monograph,
make the appropriate corresponding changes in the calculation
formula and titration factor.
Where a special Procedure for content uniformity is specified in

the test for Uniformity of dosage units in the individual monograph,
make any necessary correction of the results obtained as follows.
(1) Prepare a composite specimen of a sufficient number of dosage

units to provide the amount of specimen called for in the Assay
in the individual monograph plus the amount required for the
special Procedure for content uniformity in the monograph by

finely powdering tablets or mixing the contents of capsules or
oral solutions, suspensions, emulsions, gels, or solids in single-
unit containers to obtain a homogeneous mixture. If a
homogeneous mixture cannot be obtained in this manner, use
suitable solvents or other procedures to prepare a solution
containing all of the drug substance, and use appropriate aliquot
portions of this solution for the specified procedures.

(2) Assay separate, accurately measured portions of the composite
specimen of capsules or tablets or suspensions or inhalations or
solids in single-unit containers, both (a) as directed in the Assay,
and (b) using the special Procedure for content uniformity in the
monograph.

(3) Calculate the weight of drug substance equivalent to 1 average
dosage unit, by (a) using the results obtained by the Assay
procedure, and by (b) using the results obtained by the special
procedure.

(4) Calculate the correction factor, F, by the formula:

F = W/P

in which W is the weight of drug substance equivalent to 1 average
dosage unit obtained by the Assay procedure, and P is the weight of
drug substance equivalent to 1 average dosage unit obtained by the
special procedure. If

is greater than 10, the use of a correction factor is not valid.
(5) The correction factor is to be applied only if F is not less than

1.030 nor greater than 1.100, or not less than 0.900 nor greater
than 0.970. If F is between 0.970 and 1.030, no correction is
required.

(6) If F lies between 1.030 and 1.100, or between 0.900 and 0.970,
calculate the weight of drug substance in each dosage unit by
multiplying each of the weights found using the special
procedure by F.^

Table 1. Application of Content Uniformity (CU) and Weight Variation (WV) Tests for Dosage Forms

Dosage Form Type Subtype

Dose & Ratio of Drug
Substance

�25 mg
&�25%

525 mg
or525%

Tablets Uncoated WV CU
Coated Film WV CU

Others CU CU
Capsules Hard WV CU

Soft Suspension, emulsion, or
gel

CU CU

Solutions WV WV
Solids in single-unit containers Single component WV WV

Multiple compo-
nents

Solution freeze-dried in
final container

WV WV

Others CU CU
^Suspension, emulsion, or gel for systemic use
only, packaged in single-unit containers^

^CU^

^CU^

^Solutions for inhalation packaged in glass or
plastic ampuls and intended for use in nebulizers,
and oral^ solutions ^packaged^ in unit-dose
containers and into soft capsules

WV WV

^Inhalations (other than solutions for inhalation
packaged in glass or plastic ampuls and intended for
use in nebulizers) packaged in premetered dosage
units^

^CU^

^CU^

^Transdermal systems^ ^CU^

^CU^

^Suppositories^ ^CU^

^CU^

Others CU CU
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^Uncoated, Coated, or Molded Tablets, Capsules, Oral
Solutions in Unit-Dose Containers, Suspensions or Emulsions
or Gels in Single-Unit Containers (that are intended for systemic
administration only), and Solids (including Sterile Solids) in
Single-Unit Containers^—Assay 10 units individually ^as directed
in the Assay in the individual monograph, unless otherwise specified
in the Procedure for content uniformity in the individual mono-
graph.^ Calculate the acceptance value as directed below

&(see Table 2).&2S (USP32)

^For oral solutions in unit-dose containers, and for suspensions,
emulsions, or gels in single-unit containers that are intended for
systemic administration only, conduct^ the Assay on the amount of
well-mixed material that drains from an individual container in not
more than 5 seconds

&is removed from an individual container in conditions of

normal use, &2S (USP32)
^or for highly viscous products, conduct the Assay on the amount of
well-mixed material that is obtained by quantitatively removing the
contents from an individual container^, and express the results as the
delivered dose.

& Calculate the acceptance value (see Table 2).&2S (USP32)

Calculation of Acceptance Value—Calculate the acceptance
value by the formula:

in which the terms are as defined in Table 2.
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^Suppositories, Transdermal Systems, and Inhalations
Packaged in Premetered Dosage Units—[NOTE—Acceptance
value calculations are not required for these dosage forms.] Assay
10 units individually as directed in the Assay in the individual
monograph, unless otherwise specified in the Procedure for content
uniformity.^

Change to read:

^WEIGHT^ VARIATION

Select not fewer than 30 dosage units, and proceed as follows for
the dosage form designated. The result of the Assay, ^obtained as
directed in the individual monograph,^ is designated as result A,
expressed as % of label claim (see Calculation of Acceptance Value).
Assume that the concentration (weight of drug substance per weight
of dosage unit) is uniform. [^NOTE—Specimens other than these test
units may be drawn from the same batch for assay determinations.^]
Uncoated or Film-Coated Tablets—Accurately weigh 10 tablets

individually. Calculate the ^drug substance^ content, expressed as
% of label claim, of each tablet from the ^weight^ of the individual
tablet and the result of the Assay. Calculate the acceptance value.
Hard Capsules—Accurately weigh 10 capsules individually,

taking care to preserve the identity of each capsule. Remove the
contents of each capsule by a suitable means. Accurately weigh the
emptied shells individually, and calculate for each capsule the net
^weight^ of its contents by subtracting the ^weight^ of the shell
from the respective gross ^weight^. Calculate the drug substance
content,^ expressed as % of label claim,^ of each capsule from the
^net weight^ of the individual capsule ^content^ and the result of
the Assay. Calculate the acceptance value.
Soft Capsules—Accurately weigh 10 intact capsules individually

to obtain their gross ^weights^, taking care to preserve the identity
of each capsule. Then cut open the capsules by means of a suitable
clean, dry cutting instrument such as scissors or a sharp open blade,
and remove the contents by washing with a suitable solvent. Allow
the occluded solvent to evaporate from the shells at room
temperature over a period of about 30 minutes, taking precautions
to avoid uptake or loss of moisture. Weigh the individual shells, and
calculate the net contents. Calculate the drug substance content ^,
expressed as % of label claim,^ in each capsule from the ^net
weight^ of product removed from the individual capsules and the
result of the Assay. Calculate the acceptance value.
Solids ^(Including Sterile Solids) in Single-Unit

Containers^—Proceed as directed for Hard Capsules, treating
each unit as described therein. Calculate the acceptance value.

^Oral Solutions Packaged in Unit-Dose Containers^—Ac-
curately weigh the amount of liquid that drains in not more than 5
seconds

&is removed&2S (USP32)
from each of 10 individual containers

&in conditions of normal use.&2S (USP32)
If necessary, compute the equivalent volume after determining the
density. Calculate the drug substance content ^, expressed as % of
label claim, in the liquid drained from each unit from the net weight
of the individual container content^ and the result of the Assay.
Calculate the acceptance value.

Calculation of Acceptance Value—Calculate the acceptance
value as shown in Content Uniformity, except that the individual
contents of the units are replaced with the individual estimated
contents defined below.

�1, �2, ... , �n = individual estimated contents of the units
tested, where �i = wi 6 A /W ,

w1, w2, ... , wn = individual ^weights^ of the units tested for
weight variation,

&

&2S (USP32)
A = content of drug substance (% of label claim)

^determined as described in the Assay, and^

W = mean of individual ^weights^
(w1, w2, . . . ,wn) of the units used in the

Assay.&&2S (USP32)

^Solutions for Inhalation Packaged in Glass or Plastic Ampuls
and Intended for Use in Nebulizers—[NOTE—Acceptance value
calculations are not required for these dosage forms.] Accurately
weigh 10 containers individually, taking care to preserve the identity
of each container. Remove the contents of each container by a
suitable means. Accurately weigh the emptied containers individu-
ally, and calculate for each container the net weight of its contents by
subtracting the weight of the container from the respective gross
weight. From the results of the Assay, obtained as directed in the
individual monograph, calculate the drug substance content,
expressed as % of label claim, in each of the containers.^

Change to read:

CRITERIA

Apply the following criteria, unless otherwise specified ^in the
individual monograph^.

^Uncoated, Coated, or Molded Tablets, Capsules, Oral
Solutions in Unit-Dose Containers, Suspensions or Emulsions
or Gels in Single-Unit Containers (that are intended for systemic
administration only), and Solids (including Sterile Solids) in
Single-Unit Containers^—The requirements for dosage uniformity
are met if the acceptance value of the first 10 dosage units is less than
or equal to L1%. If the acceptance value is greater than L1%, test the
next 20 units, and calculate the acceptance value. The requirements
are met if the final acceptance value of the 30 dosage units is less
than or equal to L1%, and no individual content of ^any^ dosage
unit is less than [1 – (0.01)(L2)]M nor more than [1 + (0.01)(L2)]M
^as specified^ in the Calculation of Acceptance Value under Content
Uniformity or under ^Weight^ Variation. Unless otherwise specified
^in the individual monograph,^ L1 is 15.0 and L2 is 25.0.
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^Suppositories—
Limit A (if the average of the limits specified in the potency

definition in the individual monograph is 100.0 percent or less)—
Unless otherwise specified in the individual monograph, the
requirements for dosage uniformity are met if the amount of the
drug substance in each of the 10 dosage units as determined from the
Content Uniformity method lies within the range of 85.0% to 115.0%
of the label claim, and the RSD is less than or equal to 6.0%.
If 1 unit is outside the range of 85.0% to 115.0% of label claim,

and no unit is outside the range of 75.0% to 125.0% of label claim,
or if the RSD is greater than 6.0%, or if both conditions prevail, test
20 additional units. The requirements are met if not more than 1 unit
of the 30 is outside the range of 85.0% to 115.0% of label claim, and
no unit is outside the range of 75.0% to 125.0% of label claim and
the RSD of the 30 dosage units does not exceed 7.8%.
Limit B (if the average of the limits specified in the potency

definition in the individual monograph is greater than 100.0
percent)—
(1) If the average value of the dosage units tested is 100.0 percent

or less, the requirements are as in Limit A.
(2) If the average value of the dosage units tested is greater than or

equal to the average of the limits specified in the potency
definition in the individual monograph, the requirements are as
specified under Limit A, except that the words ‘‘label claim’’ are
replaced by the words ‘‘label claim multiplied by the average of
the limits specified in the potency definition in the monograph
divided by 100’’.

(3) If the average value of the dosage units tested is between 100
percent and the average of the limits specified in the potency
definition in the individual monograph, the requirements are as
specified under Limit A, except that the words ‘‘label claim’’ are
replaced by the words ‘‘label claim multiplied by the average
value of the dosage units tested (expressed as a percent of label
claim) divided by 100’’.^

^Transdermal Systems, and

&

&2S (USP32)
Inhalations Packaged in Premetered Dosage Units,

&and Solutions for Inhalation Packaged in Glass or Plastic

Ampuls and Intended for Use in Nebulizers&2S (USP32)

Limit A (if the average of the limits specified in the potency
definition in the individual monograph is 100.0 percent or less)—
Unless otherwise specified in the individual monograph, the
requirements for dosage uniformity are met if the amount of the
drug substance in not fewer than 9 of the 10 dosage units as
determined from the Content Uniformity method (or, in the case of
solutions for inhalation packaged in glass or plastic ampuls and
intended for use in nebulizers, from either the Content Uniformity or
the Weight Variation method) lies within the range of 85.0% to
115.0% of label claim, and no unit is outside the range of 75.0% to
125.0% of label claim, and the RSD of the 10 dosage units is less
than or equal to 6.0%.
If 2 or 3 dosage units are outside the range of 85.0% to 115.0% of

label claim, but not outside the range of 75.0% to 125.0% of label
claim, or if the RSD is greater than 6.0% or if both conditions
prevail, test 20 additional units. The requirements are met if not more
than 3 units of the 30 are outside the range of 85.0% to 115.0% of
label claim and no unit is outside the range of 75.0% to 125.0% of
label claim, and the RSD of the 30 dosage units does not exceed
7.8%.
Limit B (if the average of the limits specified in the potency

definition in the individual monograph is greater than 100.0
percent)—
(1) If the average value of the dosage units tested is 100.0 percent

or less, the requirements are as in Limit A.
(2) If the average value of the dosage units tested is greater than or

equal to the average of the limits specified in the potency
definition in the individual monograph, the requirements are as
specified under Limit A, except that the words ‘‘label claim’’ are
replaced by the words ‘‘label claim multiplied by the average of
the limits specified in the potency definition in the monograph
divided by 100’’.

(3) If the average value of the dosage units tested is between 100
percent and the average of the limits specified in the potency
definition in the individual monograph, the requirements are as
specified under Limit A, except that the words ‘‘label claim’’ are
replaced by the words ‘‘label claim multiplied by the average
value of the dosage units tested (expressed as a percent of label
claim) divided by 100’’.^
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GENERAL CHAPTERS

General Information

BRIEFING

h1235i Vaccines for Human Use—General Considerations. Be-
cause there is no information in USP regarding vaccines for human
use, this new general information chapter provides background infor-
mation about vaccine manufacturing and tests for individual vaccine
monographs in USP. The chapter provides information relative to
U.S. requirements and alludes to non-U.S. requirements at various
points.

(BB VV: V. Lu) RTS—C50976

Add the following:

&h1235i VACCINES FOR HUMAN

USE—GENERAL CONSIDERATIONS

INTRODUCTION

Vaccines are drug products that contain antigens that evoke

specific and active acquired immune responses in the body. An

antigen is a substance that is capable of inducing an immune

response. Antigens present in vaccines are processed by the

body’s immune system, resulting in the development of blood

proteins known as antibodies (i.e., humoral immunity) or spe-

cialized lymphocytes (i.e., cell-mediated immunity) or both.

Therefore immune responses may be antibody mediated, cell

mediated, or both.

Vaccines have been used for centuries to immunize individ-

uals against pathogenic organisms and thus prevent the asso-

ciated disease; hence vaccines all contain one or more antigens

that are specific for the disease they are intended to prevent.

These antigens are critical for vaccine function and generally

consist of all or a portion of the pathogenic organism itself or,

in the case of DNA-based vaccines (currently under develop-

ment), the genetic material that encodes bacterial or viral pro-

teins.

A list of diseases for which vaccines are licensed in the

United States is shown in Appendix 1, and examples of types

of licensed vaccines are shown in Appendix 2.

Vaccines for human use may contain whole killed or atten-

uated organisms (e.g., bacteria or viruses) or extracts or spe-

cific cell products of these organisms as antigens (Tables 1 and

2).

Table 1. Bacterial Vaccines

Live attenuated whole cella

Inactivated/killedb

Whole cellc

Subunitd

Polysaccharides

Proteins

Modified toxins

a Live attenuated bacterial vaccines contain strains of bacterial anti-
gens that are similar to disease-causing strains but do not produce dis-
ease, either because they contain antigens similar to those in disease-
causing strains but do not produce a disease-causing toxin or because
they contain antigens that cross-react with virulent bacteria.
b Inactivated bacterial vaccines are produced by growing cells of dis-
ease-causing bacteria and subsequently inactivating them to prevent
replication in the recipient.
c Whole-cell vaccines consist of entire microorganisms after they
have been inactivated. These preparations may or may not be partially
or completely purified.
d Subunit vaccines are extracts from inactivated bacteria. Subunit-
type vaccines generally undergo some degree of purification.
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Table 2. Viral Vaccines

Live attenuateda

Inactivated/killedb

Whole virusc

Subunitd

Recombinant proteine

a Live attenuated viral vaccines contain strains of virus that are sim-
ilar to disease-causing strains but do not produce disease, either be-
cause they contain antigens that are similar to those in disease-
causing strains but do not produce disease or because they are an en-
tirely different organism that contains antigens that cross-react with
the virulent virus.
b Inactivated viral vaccines are produced by growing disease-caus-
ing viruses in appropriate host cells and subsequently inactivating
them to prevent replication in the recipient.
c Whole-virus vaccines consist of entire viral particles after they
have been inactivated. These preparations may or may not be partially
or completely purified.
d Subunit vaccines are extracts from inactivated viruses. Subunit-
type vaccines generally undergo some degree of purification.
e Recombinant protein viral vaccines are derived from host cells that
have been transformed with expression vectors that carry genes that
encode antigenic material from infectious agents. The expression
cells are grown in bioreactors to produce the recombinant antigenic
material.

In addition to antigen(s), vaccines may contain several other

components, such as adjuvants that enhance an immune re-

sponse, preservatives, or other excipients needed for pharma-

ceutical manufacturing or vaccine stabilization. Residual

components from the manufacturing process also may be pre-

sent in vaccine preparations. Examples of these categories are

listed in Table 3.

Table 3. Vaccine Components

Antigens (Active pharmaceutical ingredients)

Whole organisms

Components/subunits

Recombinant proteins

Adjuvants

Aluminum salts

Antimicrobial preservatives

Thimerosal

2-Phenoxyethanol

Benzethonium chloride

Phenol

Table 3. Vaccine Components (Continued)

Stabilizers

Salts

Amino acids

Sugars

Proteins

Other

Manufacturing residuals

Cell-derived residuals

Materials of animal origin

Antibiotic residuals

Inactivating chemical agents

Other

Current U.S.-licensed vaccines can be divided into two

broad categories based on the nature of the infectious diseases

that the vaccines are intended to prevent: bacterial vaccines

and viral vaccines. Vaccines can be manufactured in many dif-

ferent ways, depending on the designs and technologies in-

volved, as indicated in Tables 1 and 2. A vaccine can be

derived from whole infectious organisms by inactivation or at-

tenuation or can be derived from components of a pathogen,

either by partitioning and purification or by genetic-engineer-

ing technologies. Some polysaccharide vaccines are conjuga-

ted to a carrier protein in order to enhance the immune

response. Vaccines are often formulated in combination in

one dosage form in order to elicit immunity against multiple

diseases and thereby reduce the number of separate adminis-

trations needed to achieve immunity.

Despite the multiple forms vaccines may take, several com-

mon features characterize the manufacture and testing of vac-

cines. This chapter focuses on commonalities throughout the

manufacturing process, from raw material qualifications to fi-

nal release tests.
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OVERALL MANUFACTURING PLAN

When considering the overall plan for manufacturing a vac-

cine, manufacturers need to consider the following factors:

� the physical facilities;

� the raw materials and process aids;

� the actual manufacturing process, including

(a) the front end (production of virus/bacteria and re-

combinant materials);

(b) the downstream processes (purification or chemical

modification);

� antigen modifications such as conjugation or toxoiding;

� addition of adjuvants;

� storage of process intermediates and final bulk;

� formulation and filling;

� in-process and final product testing regimens and control

schemes;

� the container-closure system;

� and the stability program that supports the expiry dating

of the product.

Quality systems are also needed to support process develop-

ment; specifications for raw materials, process intermediates,

and final product; change control; and failure investigations

and complaints. All of these elements are important in the life

cycle of the vaccine product.

The overall goals of a comprehensive manufacturing pro-

gram are to develop and produce a vaccine that is safe and ef-

fective. Once the vaccine is developed and shown to be

effective in the clinic, the goals of the program are broadened;

they include validation of the process to ensure consistency of

manufacture as well as systems to control changes to the pro-

cess or its inputs. Manufacturers should expect that changes

will be required during the vaccine’s manufacturing life cycle,

and manufacturers necessarily will use data from development

and routine manufacturing to assess the process as well as pro-

posed changes. The manufacturer must have in place systems

that continually evaluate all aspects of manufacturing to iden-

tify unanticipated changes in vaccine quality and to assess

them as quickly as possible.

Manufacturing Facilities and Systems

Manufacturers should have a general layout of manufactur-

ing facilities, including diagrams that show the flow of raw

materials and process inputs; the movement of product, inter-

mediates, waste streams, and personnel; and air flows and

pressurization levels. These diagrams assist in minimizing

the risk of potential product contamination from various

sources. These sources can include cross-contamination from

other products, contamination from different batches of the

same product, and extraneous contamination from microorga-

nisms and personnel. Such an evaluation can assist with stra-

tegies for development of engineering controls, personnel

procedures, and monitoring systems to ensure compliance

with Good Manufacturing Practices (GMPs). Analysis of po-

tential risks may also provide insights about what information

should be recorded in batch documentation to ensure consis-

tent manufacture and also to facilitate failure investigations.

Together, physical facilities, procedures, personnel, training,

and quality systems make up the GMP environment in which

a vaccine will be produced.

Manufacturing Process

The manufacturing process includes process inputs such as

raw materials and processing aids and unit operations com-

prising both the front end and downstream processing steps.

A process flow map for the manufacturing process is useful

and assists in validation of the manufacturing process. This

map shows all unit operations, the inputs to each operation,

and the outputs to the following steps. Analytical testing done

at each step and the specifications required to progress to the

next stage of processing may be added to the map. A process

map also supports a processing space to ensure a rugged proc-
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ess, i.e., one based on suitable characterization studies to en-

sure boundaries within which manufacturing can occur to en-

sure in turn unchanged safety and efficacy outcomes.

The process flow map should include all steps from making

the seed/cell bank to formulation and filling of the final prod-

uct. The validation strategy should include the steps that re-

quire validation, along with identification of the process

space, associated critical process parameters, and critical qual-

ity attributes. The critical process parameters are those that di-

rectly affect core quality attributes needed to successfully

manufacture a batch of product. Some manufacturers identify

other processing parameters that are important for processing

but do not affect critical quality attributes. These important but

noncritical factors help identify the process development

space, can contribute to the development of a rugged process,

or can be useful when the company assesses processing devi-

ations. The concepts of quality by design and exploration of

the process space are relatively new to the biologics/vaccine

industry but are rapidly becoming part of the overall develop-

ment planning process.

Manufacturing Surveillance

Manufacturing surveillance is the continual observation of

how the process and the resulting product are performing.

Manufacturing surveillance includes

� the periodic review of the performance of the manufactur-

ing process,

� the analytical assays,

� stability programs,

� product complaints,

� adverse event reports,

� product failure investigations,

� and atypical or deviation events.

Taken as a whole, these reviews allow a manufacturer to as-

sess the state of the process and product and to evaluate which,

if any, operations need to be evaluated or modified. These

same systems also provide a matrix for evaluation of proposed

and executed process or analytical changes to develop a sur-

veillance plan for the planned changes. In any of these pro-

g r ams i t i s a l so va luab l e t o deve lop add i t i ona l

characterization assays that are not used for process interme-

diate or product release purposes but may be used for further

evaluation when additional information is needed or desired.

These additional assays for characterization are often based on

different underlying analytical procedures to provide different

ways to evaluate materials.

Routine surveillance processes are increasingly implement-

ed to attempt to detect changes in processes before any critical

quality attribute is exceeded. Not all vaccine processes can be

characterized to the same extent or level (e.g., a live virus vac-

cine vs. a recombinant protein vaccine), and statistical tools

are often used to determine alert or action levels in surveil-

lance programs. Exceeding these levels requires the manufac-

turer to evaluate the situation but does not necessarily signal

product failure.

GMP manufacturing entails facility design, process devel-

opment, quality systems, and manufacturing surveillance. To-

gether these systems help the manufacturer remain in a state of

control during the production of a vaccine. As noted, many

types of vaccine are marketed, and each has its unique features

and therefore requires different plans for each of the steps

mentioned in this section. The section, necessarily, is not ex-

haustive; rather, the points raised here are an outline of the

types of considerations recommended for a manufacturer dur-

ing development of a vaccine.

SEED LOT SYSTEMS

Seed lots are the stocks of specific strains of bacteria, virus-

es, or biotechnology-engineered cells used to express vaccine

antigens. All seed lots must be documented in terms of their

isolation and passage history. The purpose of a seed-lot sys-

tem, which includes a master and associated working and

stock seed banks, is to maximize the consistency of vaccine
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manufacturing. The banks provide a method to limit the rep-

lication of the seed and to minimize the possibility of genetic

variation.

A master seed lot is a physically homogeneous preparation

derived from an original seed processed at one time and pas-

saged for a limited number of times. The master seed lot is

characterized to ensure its purity, its freedom from adventi-

tious agents, its biochemical characteristics, and its clinical

ability to produce an effective vaccine.

Cultures from the working seed lot must have the same char-

acteristics as the master seed lot from which they are derived.

For influenza vaccines, which must incorporate new virus an-

tigens each year, certified seed lots can be obtained from na-

tional regulatory agencies.

Aworking seed lot is derived from the master seed within a

limited number of passages by a method approved by the na-

tional regulatory authority. The working seed is tested to en-

sure its purity, freedom from adventitious agents, and

biochemical properties. The working seed is used for produc-

tion of vaccine without intervening passages.

Bacterial Vaccine Seed Lot System

A bacterial seed lot system enhances the uniformity of the

manufacturing process by reducing the number of generations

of the working seed, which limits the potential for genetic var-

iation. In such a system a master seed is subcultured to pro-

duce a working seed one passage beyond the master seed.

An aliquot of the working seed is then expanded to produce

a vaccine lot. The strain(s) used for the master seed lots are

identified by historical records that include information about

their origin. Such information should include source, passage

history, and raw materials to which they were exposed, with

specific emphasis on raw materials of ruminant origin. Seeds

should be stored in more than one location within a facility or

at a distant site in order to decrease catastrophic risk.

Identity tests may include inoculation onto suitable bio-

chemical media, Gram stains, and serological identification

with suitable specific antisera. Special tests may be added,

for example, to show lack of virulence.

Purity of the bacterial strains used for seed lots is verified by

methods of suitable sensitivity to ensure that no adventitious

agents are present. These purity tests often are performed in

the presence of the seed under conditions where growth is in-

hibited by the presence or the absence of specific nutrients.

Streaking can also be used to show that the cultured seed is

a pure culture.

Viral Vaccine Seed Lot System

The derivation and passage history of viral seeds must be

recorded in detail. Any manipulation of the viral phenotype

(e.g., cold adaptation, development of temperature sensitivity,

or attenuation of virulence) or intentional genetic manipula-

tions (e.g., reassortment or recombination) should be docu-

mented.

These viral seeds are commonly differentiated into a master

viral seed and working viral seeds or working viral stock. Viral

seeds should be stored at cryogenic temperatures to promote

stability and in more than one location within a facility or at a

distant site to decrease catastrophic risk. Manufacturers should

assess the following characteristics of the viral seed stock:

� growth characteristics on the intended production cell

substrate,

� tissue tropism,

� genetic markers,

� viability during storage,

� genetic stability through production,

� attenuation properties,

� purity, and

� absence of adventitious agents. If attenuation or deriva-

tion is achieved by passage through different species,

the viral seed should be assessed for absence of adventi-

tious agents common to those species.
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The master viral seed should be extensively characterized to

demonstrate the stability of genotype and phenotype for a

number of passages beyond the level used in production. Gen-

erally, during assessment of genetic stability a master seed un-

dergoes a minimum of five passes beyond the passage that will

produce the final vaccine.

Tests should be performed for identity (e.g., sequencing the

entire virus or a portion of it, adventitious agents, viral pheno-

type, genetic stability, and, if applicable, agents that might be

present in the seed as a result of its passage history). Viral phe-

notype can be assessed further for tissue tropism, attenuation

properties, and temperature sensitivity. Not all of these tests

may be necessary for every viral seed strain.

In some cases the viral seeds may have a broad host range

and therefore may require neutralization of the vaccine virus

before they are tested for adventitious agent(s). If possible,

testing for adventitious agents should be done without neutral-

ization in order to avoid an antiserum that may inadvertently

neutralize an adventitious agent present in the seed. Some-

times it is not possible to effectively neutralize a viral seed,

and in such cases alternative strategies can be used. For exam-

ple, the test can be performed in a cell substrate that does not

permit replication by the vaccine virus. However, such a sub-

stitution of the substrate cell may compromise the test’s sensi-

tivity for detection of other adventitious agents.

Assessment of neurovirulence may be appropriate if the vi-

rus is known to be neurotropic. Manufacturers should consult

with regulators about appropriate animal models, methods,

and scoring systems for this assessment before they initiate

such studies. For viruses that are neurovirulent or may revert

to neurovirulence (e.g., polioviruses), it may be necessary to

assess neurovirulence not only on the master seed or an end-

of-production passage stock but also on every product lot.

If the master viral seed is well characterized, the working

viral seed may not require extensive characterization. For ex-

ample, it may not be necessary to repeat testing for all the re-

levant viruses from the derivation history.

Seed Lot System for Biotechnology-Engineered Vaccines

For a vaccine produced via a biotechnology-engineered

cell-expression system, a master seed lot will be established

during product development. The seed lot should be made ho-

mogenous, often accomplished by limiting dilutions. The seed

lot system should be characterized in a manner analogous to

that used for the cell substrate discussed in the next section,

and additional tests can be used to demonstrate the genetic sta-

bility of the expression system.

CELL SUBSTRATES FOR VIRAL VACCINE

PROPAGATION AND VACCINE TESTING

Viruses can be propagated only in cell substrates. Thus char-

acterization and standardization of cell substrates, through

cell-bank systems, become an integral part of vaccine manu-

facturing and viral testing.

General Principles for Establishing Cell Banks

A cell bank is defined as a collection of vials containing

cells that have uniform composition and that are obtained from

a single tissue or cell clone. A cell bank normally consists of

two tiers of cell banks, a Master Cell Bank (MCB) and a

Working Cell Bank (WCB). The cell banks should be cryopre-

served in liquid or vapor-phase nitrogen. The WCB is gener-

ated by expansion of cells from the MCB by serial subculture.

If manufacturers create the WCB from cell expansion of more

than one vial of MCB, the cultured cells should be pooled to

ensure homogeneity before the WCB are aliquoted and frozen.

The advantage of creating and using a cell bank system is that

a detailed characterization of the cell line can be conducted to

minimize the potential for contamination by adventitious

agents, as well as to ensure the consistency of manufacturing,

because the same source of cells is used to produce each lot of

clinical material or commercial product. The cell passage
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number or population doublings of MCB used to create the

WCB, or the WCB used to produce the product, should not

exceed the criteria established by the manufacturer.

Qualification of Cell Banks

Qualification of the MCB and WCB is an important step to-

ward ensuring lot-to-lot consistency of clinical material or

commercial product, as well as ensuring that the product is

free of contamination by adventitious agents. Genetic stability

of the cultures may be evaluated to show the level and types of

chromosomal aberrations present in the cells at or beyond the

passage doubling level used to produce the vaccine. The qual-

ification consists of verifying the identity of the cell line, test-

ing the cell banks for the presence of adventitious agents, and

examining the tumorigenic and oncogenic characteristics of

the cell line. The tests performed on the MCB are generally

more extensive than those performed on the WCB and include

testing for adventitious agents that may have been present in

the tissue or parental cell clone. The WCB is normally tested

for adventitious agents that may have been introduced during

the cell passaging steps. All the raw materials used to create

the cell banks (e.g., media components, serum, and trypsin)

must be free of adventitious agents.

Identity of Cell Banks—Identity testing of cell banks is

performed to establish the growth and morphological proper-

ties of the cell lines, to provide assurance that cell banks have

not been cross-contaminated with another cell type during the

production of cell banks, and to ensure that all the significant

properties of the cell line are stable throughout the manufac-

turing process. Isozyme analysis normally is used to character-

ize the cell banks. In addition, cell banks that have specific

characteristics such as expression of gene inserts or surface-

specific markers should be tested to confirm the stable expres-

sion of the gene, as well as to confirm that the copy number of

the gene insert is stable from the MCB to the end-of-produc-

tion cells.

Tumorigenicity and Oncogenicity—Until recently the ma-

jority of cell banks were generated using diploid cell lines or

primary cells that were capable of a finite number of cell dou-

blings. However, as more and more cell banks are created us-

ing continuous cell lines, tumorigenicity and oncogenicity

testing has assumed greater importance.

Tumorigenicity studies are generally conducted by injecting

into athymic nude (nu/nu) mice varying numbers of whole

cells that are beyond the end-of-production stage in terms of

population doublings and observing the mice over a prolonged

period of time: up to 4 to 7 months post-inoculation. Oncoge-

nicity studies are conducted by delivering into various animal

species genomic DNA or cell lysates prepared from cells that

are beyond the end-of-production stage.

Primary Cells

A number of viral vaccines are prepared using primary cells.

Because primary cell cultures are used within the first passage

after establishment from the tissue of origin, manufacturers

cannot carry out extensive characterization of the cells before

using them as they would banked cell substrates. In addition,

biological products produced using primary cell substrates of-

ten do not undergo extensive processing (e.g., purification).

These constraints pose a special challenge to the qualification

of primary cells as the viral vaccine production substrate. The

concern that primary cells may contain adventitious agents is

mitigated by rigorous qualification of source animals. Tissue

should be derived from healthy animals that are subjected to

veterinary and laboratory monitoring to certify the absence of

pathogenic agents. Whenever possible, donor animals should

be obtained from closed, specific pathogen-free (SPF) colo-

nies or flocks (when available). Animals involved in experi-

mental studies should not be used. All animals should be

quarantined and observed for disease for a suitable period of

time before collection of cells or tissues. Some countries re-
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quire that animals be quarantined in the country where the pri-

mary cells are prepared. Manufacturers should consult with

national and regional authorities for specific requirements.

Information on materials and components used for the prep-

aration of primary cell substrates should be provided, includ-

ing the identity and source of all reagents of human or animal

origin. A description of testing performed on components of

animal origin to certify the absence of detectable contaminants

and adventitious agents should be included.

Methods used for isolation of cells from tissue, establish-

ment of primary cell cultures, and maintenance of cultures

should be described.

Tests performed on primary cell substrates to qualify them

for use in production should be described. Testing to demon-

strate the absence of adventitious agents in these substrates is

therefore conducted concurrently and may include

� observation of production or uninfected control cultures

before, during, and beyond the period of production;

� inoculation of culture fluids from production cultures and

uninfected control cultures into various susceptible indi-

cator cell cultures capable of detecting a wide range of rel-

evant viruses, followed by

(a) examination for cytopathic changes and testing for

the presence of hemadsorbing viruses screened sero-

logically for appropriate adventitious agents and

(b) other tests for specific agents (such as relevant retro-

viruses) as necessary.

Manufacturers can find additional information concerning

specific viral tests in relevant regional, national, and interna-

tional guidelines.

Appropriate testing regimens and test methods for cells used

in the production of specific products vary depending on the

donor species used as a source of tissue, adventitious agents

potentially present, the nature of the product, its intended clin-

ical use, aspects of the manufacturing process, and the extent

of testing performed on the final product. Manufacturers must

explain and justify approaches they have taken with respect to

their specific product.

FERMENTATION AND CELL CULTURE MEDIA

A medium is the material in which an organism is grown

and amplified in quantity to produce mass material for vaccine

production. Its composition is diverse and depends on the cell

types that the medium supports, ranging from well-defined

chemical media to chemically undefined media that contain

natural components such as sera from animal origin (see Bo-

vine Serum h1024i). Culture media should be suitable for their

intended purpose and should be free from adventitious agents

and known undesirable components such as toxins, allergens,

and similar compounds. If undefined ingredients are neces-

sary, the amount should be kept below levels that are demon-

strated to be safe for the final product.

Fermentation Media for Bacterial Growth

The nutrients consist of materials like proteins, sugars, inor-

ganic trace elements, amino acids, and vitamins needed for

bacterial growth. The protein component may be as simple

as free casein (milk protein), or it can be as complex as extracts

from bacterial, plant, or animal sources. Any fermentation nu-

trients of animal origin must be tested for adventitious agents.

The composition of a medium is often customized to optimize

product quality attributes. Medium components that are

known to cause allergic reactions should be avoided.

Media for Cell Culture for Viral Vaccines

The types and composition of media used for isolation and

all subsequent culture of components of viral vaccines need to

be recorded in detail. Chemically defined media without ma-

terials of animal origin are preferred. The medium must be

tested for sterility and suitability for the cells used in product

production. If materials of animal origin are used, they must be

free from adventitious agents. If human albumin is used in a

U.S.-licensed vaccine, it must be licensed by FDA.
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Media for Biotechnology-Engineered Cells

The requirement for media used for the fermentation and

propagation of biotechnology-engineered cells is the same as

noted above for bacterial fermentation and cell culture growth.

PROPAGATION AND HARVEST

The propagation and harvest phases follow the manufactur-

ing process from the initiation of cell growth in the WCB to

the separation of the crude drug substance. In addition, in these

manufacturing process steps, raw materials, media, and solu-

tions must be qualified for their intended use. Batch numbers

must be clearly assigned as needed, and the relation of com-

ponent harvests and batches of individual drug substances

must be recorded clearly.

Propagation and Harvest for Bacterial Vaccines

Propagation—The detailed process description of the inoc-

ulum preparation and the fermentation phases typically in-

cludes

� the process parameters of the inoculum, for example,

— incubation time and

— final optical density;

� the fermentation phase: for example,

— volume of fermenter,

— pH,

— temperature,

— stirring rate,

— incubation time,

— initial and final optical density, and

— air/oxygen flow;

� induction of antigen;

� in-process monitoring of the operating conditions;

� in-process testing of selected outputs: for example,

— determination of biomass and

— determination of culture cell size;

� sampling procedures; and

� parallel control cell cultures in vessels or flasks, including

number and volume.

In addition, all controls and testing performed after the pro-

duction (e.g., purity, viability, antigen yield, and phenotypic

identity) should be documented.

Harvest—The first step of drug substance recovery is har-

vesting from the bioreactor. A variety of equipment is avail-

able, and the process equipment used depends on the

process. The description of the harvest phase should include

� details of the procedure(s) used for preliminary separation

of crude drug substance,

� process parameters monitored during the preliminary re-

covery,

� criteria achieved before harvesting commences,

� definition of a harvest batch,

� determination of yield, and

� criteria for pooling when more than one harvest is collect-

ed.

Procedures should be established to ensure containment and

prevention of contamination during harvesting and to monitor

bioburden (including acceptance limits) or sterility. The stor-

age conditions and the stability time limit for the harvest ma-

terial should be described.

Inactivation—Scientists involved in bacterial inactivation

should consider the following: how cell culture purity is ver-

ified after inactivation, whether culture purity should be de-

fined prior to inactivation, choice of the inactivation agent,

and validation of the procedure(s).

Propagation and Harvest for Viral Vaccines

The manufacturing of viral vaccines using eukaryotic cell

culture includes a two-phase production process. The first is

the expansion of the cell cultures used as a substrate for viral

replication. The second phase includes the initial virus infec-

tion and subsequent replication and virus production.
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Cell Substrate Growth Phase—The cell substrate expan-

sion process for viral production is the phase designed to pre-

pare the cells in a physiological state appropriate to sustain

virus growth. Cell substrates often require complex animal-de-

rived supplements such as serum. The source and testing re-

quirements of bovine serum are subject to regulatory

requirements (see Bovine Serum h1024i).

Virus Production Phase—Relatively few cell types have

been used as substrates in U.S.-licensed viral vaccines, but

these include primary cells (e.g., certain cells derived from

monkey, chick, or mouse tissue), diploid cell strains (e.g.,

WI38, MRC-5, or FRhL-2), and continuous cell lines (e.g.,

Vero). Researchers have optimized nutrient requirements,

growth factors, and serum concentration to support robust

growth and strong viral productivity for these cell lines.

PURIFICATION

The objective of the purification steps is to remove as much

as possible the impurities in the initial harvest and to maximize

the purity of the final vaccine product. Impurities may consist

of materials from the culture medium and/or cellular compo-

nents. Purification procedures should be optimized and vali-

dated. When applicable, viral clearance steps (viral removal

or inactivation) should be included and validated. Special con-

siderations must be observed depending on the types of vac-

cines and production system used, as discussed below.

Bacterial Fermentation

Bacterial fermentations are typically highly productive and

yield large amounts of biomass. For bacterial subunit products

or recombinant components expressed by bacteria, fermenta-

tion can produce very high concentrations of the desired active

component. Manufacturers should initiate culture purity test-

ing before further processing.

Live Bacterial Vaccines—Live bacterial vaccines such as

Bacillus Calmette-Guérin (BCG) and Salmonella typhi

Ty21a are relatively fragile as pharmaceutical products and

therefore tolerate only fairly gentle purification approaches.

If osmotic and shear forces are constrained, then the integrity

of the bacteria usually can be maintained.

Inactivated Bacterial Vaccines—At present no inactivated

whole-cell bacterial vaccines are licensed for use in the U.S.

Purified Bacterial Antigens—Purification of bacterial

components (e.g., proteins, toxins, and polysaccharides) gen-

erally requires cell disruption. More selective purification

methods can be used to remove culture media and bacterial

impurities and achieve high purity of the target bacterial com-

ponent.

Biotechnology-Engineered Cells

Of special concern in the purification of recombinant-de-

rived vaccine components is the issue of residual host cell

components that could produce an adverse immunogenic re-

sponse in patients. This response could be exacerbated by

the presence of vaccine adjuvants.

Recombinant Virus-Like Particles (VLP)—Formation of

VLPs can coincidentally result in incorporation of host cell

components (e.g., DNA) into the quaternary structure of the

molecular assembly, resulting in a class of impurities that

has a tight association with the active pharmaceutical ingredi-

ent. As a result, modern approaches to VLP production in

some cases include a disassembly step that dissociates impu-

rities from the viral proteins. This procedure is followed by a

reassembly step that reforms the VLPs in the absence of the

host components. Liquid-phase extractions and chromato-

graphic procedures can be used to provide high-purity compo-

nents for use in vaccine products with no substantial risk of

carrying over significant residual host components.
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Viral Vaccines Derived from Cell Culture

Viral Vaccines Derived fromContinuous Cell Lines—If a

continuous cell line (e.g., Vero) is used for vaccine production,

a validated filtration step is necessary to separate virus from

intact cells. The quantity and size of any residual host cell

DNA also must be determined (see the forthcoming general

chapter Nucleic Acid-Based Techniques—Approaches for De-

tecting Trace Nucleic Acids (Residual DNA Testing) h1130i).

Currently, 10 ng of host cell DNA is permitted per dose of a

parenterally administered vaccine, and regulatory agencies

continue to consider on a case-by-case basis the level of risk

posed by host cell DNA for vaccines that are administered by

other routes (e.g., nasal or oral). Multiple purification methods

to reduce the size and amount of residual host-cell DNA pre-

sent in the vaccine are desirable and include steps such as

treatment with DNAse, diafiltration, ultrafiltration, and col-

umn chromatography.

Viral Vaccines Derived from Human Diploid Cell Cul-

ture—FDA has licensed several vaccines made using human

diploid cells. The two most commonly used diploid cell lines

are MRC-5 and WI-38, both of which are derived from human

embryonic cells and have the normal diploid number of human

chromosomes. They are widely used to manufacture vaccines

because they have been shown to have no tumorigenic or on-

cogenic potential and have been shown to be susceptible to a

wide range of human viruses. However, unlike continuous cell

lines that can be passaged indefinitely, human diploid cell lines

are capable of attaining only a certain number of population

doublings, after which they experience a rapid decline in their

ability to proliferate. This issue is managed by freezing multi-

ple aliquots of master and working cell banks.

Viral Vaccines Derived from Primary Cell Culture—

Like diploid cells, primary cells normally are not tumorigenic

or oncogenic. However, when primary cells are used to man-

ufacture live vaccines, the donor animals from which the pri-

mary cells are obtained are extensively tested for a variety of

pathogens before being used. For example, chicken flocks

used to prepare chicken embryo kidney cells undergo exten-

sive serological testing for adventitious agents before the flock

can be used to prepare the cells. Some of these tests are de-

scribed in the Code of Federal Regulations (CFR) and the

USP general chapter Virology Test Methods h1237i.

Viral Vaccines Derived from Chicken Eggs

The embryonated chicken egg is a highly productive growth

substrate for certain viruses, such as those used to make vac-

cines for yellow fever and several influenza vaccines. In the

case of influenza vaccines, vaccine virus is harvested from

egg allantoic fluid. In the case of yellow fever vaccine, the vac-

cine virus is harvested from embryo tissues. Therefore, resid-

ual egg or embryo components are special considerations in

vaccine purification.

Egg-based vaccine production, like all biomass expansions,

requires care and quality control of the virus seed lots and egg

substrates to avoid contamination with other organisms.

Live Attenuated Virus Vaccines—Viruses for live vac-

cines (e.g., yellow fever or live influenza) are produced using

SPF eggs. These eggs are produced by chicken flocks that are

regularly screened for avian pathogens (e.g., avian leukosis vi-

rus) and are maintained using appropriate animal husbandry

practices. To preserve the infectivity and antigenic integrity

of the vaccine viruses while removing egg-derived compo-

nents, relatively simple, mild methods (e.g., zonal sucrose gra-

dient centrifugation and diafiltration) are used for vaccine

virus concentration, purification, and buffer exchange.

Inactivated Whole Virus Vaccines—Viruses for inactivat-

ed vaccines can be produced using non-SPF eggs because of

required chemical inactivation steps in the manufacturing pro-

cess. Because the vaccine virus must be preserved intact while

removing egg-derived components and inactivating chemi-

cals, relatively mild purification and concentration methods

(e.g., zonal sucrose gradient centrifugation) are used. If chem-

ical agents are used in the process, they should be minimized

in the final product to below prespecified levels.
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Split Virus and Purified Subunit Vaccines—Viruses for

split virus and purified subunit influenza vaccines are pro-

duced in non-SPF embryonated eggs. Inactivation and purifi-

cation of vaccine viruses are achieved by chemical treatment

(e.g., formaldehyde or b-propiolactone) and zonal sucrose gra-

dient centrifugation, respectively. Split virus vaccines are pre-

pared by disruption of vaccine virus particles using a detergent

(e.g., sodium deoxycholate) that preserves antigenic integrity.

INTERMEDIATES

Intermediates are defined as the unformulated active (immu-

nogenic) drug substances that are processed prior to final for-

mulation and can be stored for long periods of time before

further processing. These intermediates can be stored and in-

cluded in a formal stability program. Examples of intermedi-

ates include bulk polysaccharides, purified recombinant

proteins (concentrates), and conjugates.

Production of Intermediates

Intermediates are manufactured from raw materials by one

or a combination of different processes (e.g., fermentation,

cultivation, isolation, or synthesis). Subsequent steps of the

procedure involve preparation, characterization, and purifica-

tion, eventually resulting in the drug substance. Policy- and

system-level documents must be in place for production, and

all applicable information must be captured in a controlled

document (i.e., a batch record). When applicable, stability stu-

dies and release tests should be performed before proceeding

to the next steps (see below).

Tests for Intermediates

The quality attributes of the intermediate are commonly

tested in conjunction with further processing. Characterization

beyond release testing should be considered. Characterization

methods can use appropriately qualified procedures. Some

tests are routinely performed before the intermediates are con-

verted to the final bulk, depending on individual vaccines.

If intermediates need to be stored and/or subsequently to be

shipped to a different location for further processing, the sta-

bility of these materials must be demonstrated. Stability tests

can be a combination of both physicochemical analysis and

biological assays.

FINAL BULK

Final bulk is the bulk drug product that contains the drug

substance(s), excipients, and other ingredients at desired con-

centrations and is ready for use in producing the finished dos-

age form.

Production of Final Bulk

Appropriately controlled amounts of all ingredients are

blended to uniformity to produce the final bulk. The proces-

sing may include one or more steps such as buffer exchange

and addition of diluents, bulking agent, stabilizing excipients,

adjuvants, and preservatives. Final bulk may be prepared asep-

tically or may include a sterilization step.

Tests for Final Bulk

The quality attributes of the final bulk must be tested. Test-

ing must be performed with respect to identity, purity, potency,

sterility (see Sterility Tests h71i), and antimicrobial effective-

ness (see Antimicrobial Effectiveness Testing h51i). Tests dem-

onstrating safety, if applicable, must be performed. The list

includes, for example, tests for the absence of adventitious

agents, mycoplasma, and other microorganisms.

Testing is required for specific process-related and product-

related impurities, depending on the vaccines being manufac-

tured. Specific impurities to be measured will be determined

by negotiations between manufacturers and the national drug

regulatory agency during the licensure process. In addition,
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tests are required for the bulking agent, stabilizing excipients,

adjuvants, and/or preservatives, if used. All the testing must be

done according to respective standard operating procedures

(SOPs), and all tests must have specifications (or provisional

specifications, where applicable).

Stability Test for Final Bulk

If final bulks must be stored and/or subsequently shipped to

a different location for further processing, the stability of these

materials must be demonstrated. Stability tests can be a com-

bination of both physicochemical analysis and biological as-

says. Implementation of a stability program is required for

formal stability studies, and the studies must be executed ac-

cording to a protocol that contains detailed information about

types of tests, including specifications, testing intervals, and

data and analysis.

FINAL CONTAINER

A final container of vaccine contains materials in addition to

the active antigen. These materials include those added by the

manufacturer for a specific purpose, such as stabilizers, adju-

vants, or antimicrobial preservatives. They also include resid-

ual materials from the manufacturing process.

Excipients and Other Additives

In addition to specific antigens, vaccines often include ex-

cipients and other additives that are intentionally added to

the vaccine by the manufacturer for a specific purpose. These

include adjuvants, antimicrobial preservatives, and stabilizers.

Vaccines also contain manufacturing residuals, which are trace

amounts of various components used during manufacturing.

Thus, the combinations of these components comprise and de-

fine the complete vaccine product. Manufacturers must adhere

to regulations governing permissible limits of such compo-

nents, as indicated in the product’s license.

Adjuvants—Adjuvants are agents incorporated into vac-

cine formulations to enhance and increase the intensity of

the immune responses generated by the vaccine antigens. Spe-

cifically, they can increase the amount of antibody produced,

direct the immune response (Th1 or Th2), increase the dura-

tion of antibody presence (persistence), or produce a combina-

tion of these effects.

Aluminum compounds have long been the most widely

used adjuvants worldwide. Two methods traditionally have

been used for combining aluminum adjuvant to antigen to

form aluminum-adsorbed vaccines. The first involves the ad-

dition of the antigen solution to preformed aluminum precipi-

tate. The second involves the addition of an antigen to

aluminum in solution and the addition of a compound that will

coprecipitate the aluminum salt and the antigen in situ. Solu-

tions of aluminum potassium sulfate, known as alum or alumi-

num chloride, have been used together with phosphate salts as

precipitating agents. A number of aluminum adjuvant formu-

lations are used in vaccines.

Tests for aluminum are based on metal detection tests de-

scribed in the general chapter Aluminum h206i. Regulations

limit the amount of aluminum permitted in a dose of vaccine.

The Code of Federal Regulations [21 CFR 610.15(a), Ingredi-

ents, preservatives, diluents, adjuvants] states that ‘‘the

amount of aluminum in the recommended individual dose of

a biological product shall not exceed:

1. 0.85 milligrams if determined by assay;

2. 1.14 milligrams if determined by calculation on the

basis of the amount of aluminum compound added; or

3. 1.25 milligrams determined by assay provided that

the data demonstrating that the amount of aluminum used

is safe and necessary to produce the intended effect and

are submitted to and approved by the Director, CBER

[Center for Biologics Evaluation and Research at FDA].’’

The third criterion above aligns U.S. regulations with World

Health Organization guidance for aluminum content in a sin-

gle human dose of a vaccine product.
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Note that adjuvants are not licensed by themselves; they do

not constitute a product. Rather, a vaccine consisting of spe-

cific antigen(s) and an adjuvant are licensed together as a drug

product.

Antimicrobial Preservatives—In the case of multiple-dose

containers, antimicrobial preservatives are added to inhibit the

growth of microorganisms that may be introduced from re-

peatedly withdrawing individual doses. With certain excep-

tions, a preservative is required to be present in vaccines

marketed in multidose containers [21 CFR 610.15(a)]. Excep-

tions include yellow-fever vaccine, MMR, and dried vaccines

when the accompanying diluent contains a preservative.

The microbial preservatives currently used in vaccines are

thimerosal, 2-phenoxyethanol, benzethonium chloride, and

phenol. These agents must pass the appropriate antimicrobial

effectiveness test, as described in Antimicrobial Effectiveness

Testing h51i. Antimicrobial test challenges should be conduct-

ed as part of the normal formal stability program, including at

expiry. Various tests for preservatives can be found in Antimi-

crobial Agents—Content h341i.

Stabilizers—The primary purpose of stabilizers is to protect

certain vaccines from adverse conditions such as heat or to

serve as a cryopreservative during the lyophilization process,

usually the freezing step. The particular materials chosen for

this purpose include sugars (e.g., sucrose or lactose), amino

acids (e.g., glycine or glutamic acid [monosodium salt]), gly-

cerol, and proteins (e.g., human serum albumin [HSA] or gel-

atin]. Materials should be customized to a specific vaccine

formulation and selected with patient safety in mind.

When a protein is chosen as a stabilizer, two main safety

concerns arise. One stems from the source of the protein: ani-

mal or human origin raises the possibility of the presence of an

adventitious agent. The second concern is the possibility of an

allergic reaction in persons sensitized to that protein. This

should be evaluated as part of the clinical program during vac-

cine development. At present two proteins are used as stabiliz-

ers for vaccines: HSA and gelatin. FDA requires that any

serum-derived albumin used in manufacturing be U.S.-

licensed HSA. FDA guidance further recommends that a state-

ment indicating the source and related risks appear in the

‘‘Warnings’’ section of the package insert for HSA-containing

products.

Gelatin or processed gelatin also is used as a vaccine stabi-

lizer. The gelatin source may be either bovine or porcine. Al-

though the conditions of manufacturing gelatin are harsh (i.e.,

the product is subjected to extremes of heat and pH), there re-

mains a concern with bovine sources about the presence of the

transmissible spongiform encephalopathy (TSE) agent, be-

cause this agent is known to resist such conditions. Therefore,

if gelatin added to a vaccine or used in manufacturing is from a

bovine source, the material must have the appropriate docu-

mentation certifying that it comes from a country or region

that is in compliance with TSE regulations.

Manufacturing Residuals—Vaccines may contain residual

amounts of any of the materials used in the manufacturing pro-

cess. These materials are termed manufacturing residuals. As a

general principle, it is not possible to remove a particular sub-

stance completely, nor is it possible to conclusively demon-

strate that a particular substance has been completely

removed. Therefore the goal is to reduce these substances to

an undetectable level, using a sensitive and validated analyti-

cal methodology. All products must be tested for pyrogenic

substances as a manufacturing residual (see Pyrogen Test

h151i); and, if the product is freeze-dried, it should be tested

for residual moisture (see Loss on Drying h731i). Residual

levels of manufacturing materials, including, if applicable, in-

activating agents, must be justified. The release specifications

of these components are required as part of the approved li-

cense.

Cell-Derived Residuals—Live attenuated bacterial vac-

cines are not usually subject to a high degree of postexpansion

purification. But killed bacterial component vaccines typically

undergo significant purification to reduce cell-derived resi-

duals. Common cellular components to be reduced are pro-

teins, nucleic acids, and polysaccharides. Assays for these

components are routinely conducted, if appropriate, to ensure
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purity. A common residual in bacterial vaccines made from

Gram-negative bacteria is lipopolysaccharide (LPS), com-

monly known as endotoxin. Endotoxin testing is performed

during the manufacturing process for any Gram-negative bac-

terial vaccine. In the case of Gram-positive bacterial vaccines,

the endotoxin testing should be conducted to ensure that no

contaminants from Gram-negative bacterial growth are pre-

sent. Also, there must be a release specification for this resid-

ual. Two tests are currently used to detect LPS in biological

products, the Limulus amebocyte lysate (LAL) test (see Bac-

terial Endotoxins Test h85i) and the rabbit pyrogen test (see

Pyrogen Test h151i). The Limulus lysate that is used to test

for bacterial endotoxin in FDA-regulated products is itself a

U.S.-licensed product. The rabbit pyrogenicity test requires

the use of animals and is more difficult to perform; therefore,

it is not employed to the extent that the LAL test is used.

Viral vaccine manufacturing requires cell substrates to pro-

duce the viruses, which are then taken through purification

processes. Generally, killed viral vaccines are more highly pu-

rified than are live attenuated ones. Depending on the method

used to manufacture the vaccine, manufacturers work with

FDA to develop prudent specifications for the final vaccine.

Animal-derived host cells have been used extensively in vac-

cine manufacturing, particularly viral vaccines. For example,

influenza and yellow fever vaccines are produced, respec-

tively, in egg allantoic fluid and chicken embryos. Mumps,

measles, and some rabies vaccines are produced in chick em-

bryo cells. These products’ labels must state that residual

chicken proteins may be present in the final vaccine, and the

label may indicate how much is present. Further, the label

must also urge practitioner caution when vaccinating a person

with known hypersensitivity to eggs.

Two U.S.-licensed hepatitis B vaccines are based on recom-

binant DNA-derived proteins expressed in yeast cultures. In

both cases, the package labels notify health care professionals

that yeast protein may be present in the vaccine and recom-

mend that suitable precautions should be exercised.

Materials of Animal Origin—Some raw materials and re-

agents, such as gelatin, calf serum (see Bovine Serum h1024i),

or trypsin for vaccine manufacturing raise concerns regarding

the potential presence of adventitious agents. Raw materials

should be sourced from countries acceptable to FDA. Addi-

tionally, manufacturers should test these materials when pos-

sible to minimize the risks of contamination with adventitious

agents.

Antibiotic Residuals—Some antibiotics (but not penicillin)

can be used in minimal amounts in the manufacturing process

for viral vaccines, according to 21 CFR 610.15(c). Those that

have been used include gentamicin, streptomycin, neomycin,

and polymyxin B. There is no requirement for tests of residual

levels of these antibiotics in the final vaccine. However, ac-

cording to 21 CFR 610.61(m), the calculated amount expected

to remain as a residual in the final vaccine, based on the

amount added and the dilution factor in the manufacturing

process, must be stated on the product label.

Inactivating Chemical Agents—Several chemical agents

have been used to inactivate bacteria and viruses or to detoxify

toxins in vaccine production processes. Formaldehyde and b-

propiolactone are the most commonly used inactivating

agents. Other less often used inactivating agents include glu-

taraldehyde and hydrogen peroxide. As a manufacturing resid-

ual, the inactivating agent should be removed from the final

product as thoroughly as possible. The upper limit for formal-

dehyde is generally 0.02%, equivalent to 0.1 mg per 0.5 mL

vaccine dose. The limit for b-propiolactone should be below

the limit of detection.

EVALUATING THE STABILITY OF VACCINES

The stability of vaccine products depends on the nature of a

vaccine antigen, the product formulation, and the control of

vaccine storage prior to use.
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Vaccine products must be evaluated with programs that in-

clude real-time long-term storage under prescribed conditions.

The use of extreme temperatures to potentially accelerate de-

gradation may help manufacturers understand the stability of

the product.

Vaccine products, like all pharmaceutical products, must be

evaluated to define suitable conditions for storage (21 CFR

610.50 and 53). General principles of stability testing for bio-

logical products are described in Quality of Biotechnological

Products: Stability Testing of Biotechnological/Biological

Products h1049i. Typically these concerns are focused on

the final vaccine product, but evaluations also are needed for

bulk intermediates to justify the conditions under which they

are held. In both cases manufacturers must define in advance

the conditions to which the product will be exposed (e.g., tem-

perature, light, and humidity) and the time range during which

the product will be exposed to those conditions. Stability stu-

dies should evaluate all storage conditions to which the pro-

duct or intermediate are likely to be exposed during

production, handling, shipping, and storage so that appropriate

time limits can be placed on the exposure to those conditions.

The primary criteria for defining the storage conditions for

these intermediates and the final products are generally fo-

cused on acceptable maintenance of potency; but, as discussed

below, there often are other attributes that need to be consid-

ered.

Evaluation of the stability of vaccine products has three gen-

eral purposes. First, the products must be shown to maintain

an acceptable analytical profile throughout manufacture and

use to preserve safety and effectiveness. Second, stability stu-

dies across several product lots provide an effective way to

characterize the inherent properties of the product. This in turn

leads to the third use, demonstrating manufacturing consisten-

cy in the product.

Stability Protocols

The overall experimental plan for evaluating the stability

profile of a given set of product or intermediate lots typically

includes specific definition of the conditions under which the

samples will be stored and why these conditions are relevant,

the length of time the samples will be stored at each condition,

when samples will be tested during this time course, and the

analytical measurements at each time point. Additionally,

these stability protocols include itemization of the analytical

procedures to be used. For stability studies that occur early

in product development, the studies may be conducted to con-

firm the suitability of the product formulation and/or storage

conditions. Later in development, stability studies are typical-

ly conducted to provide data supporting product expiry dating

or intermediate hold time, to provide more elaborate product

characterization, and to evaluate manufacturing consistency.

These latter studies define product end–expiry specifications

that allow definitions of acceptable and unacceptable product.

Unacceptable product is defined as product that is no longer

acceptable for use in clinical studies or for commercial use

(e.g., because of degradation or loss of potency). Stability stu-

dies should be conducted over a duration sufficient to deter-

mine the point of loss of acceptable potency or other

relevant parameters.

Analytical Measurements

Manufacturers must consider the rigor of the analytical

method(s) used to evaluate the stability of complex products

and improve their understanding of the parameters that are

critical to immunogenicity (including stability-indicator pa-

rameters). Selection of the stability-indicator parameters varies

with each vaccine’s unique characteristics.

The primary parameter that reflects stability for most vac-

cines is the potency assay (see Potency Tests in Lot Release

Testing, below). This assay can take many forms, depending

on individual vaccines (e.g., an infectivity assay for a live vi-

rus vaccine or a measure of the proportion of conjugated poly-
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saccharide for a polysaccharide–protein conjugate vaccine).

The potency assay is generally the key analytical result pre-

dicting whether a vaccine remains suitable for use and whether

it will produce the expected clinical response. Other analytical

measurements can provide important supplemental data, par-

ticularly those that have a clear link to the potency of the pro-

duct. Examples include degradation profile, dissociation of a

carrier protein from conjugated vaccines, and dissociation of

an adjuvant from an antigen complex. Additionally, other

common assays typically are performed as part of the stability

study and may address physical or chemical changes in the

product that may or may not affect its potency (e.g., general

safety, degree of aggregation, pH, moisture, container, and en-

closure).

Formal Evaluation of Stability Data and Product Expiry

Dating

Vaccines must remain within potency specifications at the

expiry date, provided that the product was stored under the

normal conditions specified. Manufacturers must conduct sta-

bility studies to determine those storage conditions and that

expiry period to demonstrate that the product remains within

the potency specifications. Manufacturers must conduct stabil-

ity studies on a continuing basis. If a major manufacturing pro-

cess changes, additional stability studies should be conducted

to verify that there is no adverse impact on the stability profile.

Under certain conditions such as process changes, accelerated

stability studies could be conducted. An accelerated study in-

volving temperatures both higher and lower than routine can

evaluate the impact of temperature excursions on products. A

similar evaluation should be done for product intermediates to

establish how long a given intermediate can be held under de-

fined conditions before it must be processed further or discard-

ed.

NOMENCLATURE

There are no uniform systems for naming new vaccines. 21

CFR 299 describes the cooperation of the FDA and the U.S.

Adopted Names Council (USAN) in naming drugs, including

vaccines. USAN is a private organization sponsored by the

American Medical Association, USP, and the American Phar-

macists Association. Section 262 in Title 42 of the Public

Health Service Act requires that each package of the biological

product be plainly marked with the proper name of the biolog-

ical product contained in the package.

LABELING

Vaccine product labeling is regulated in compliance with 21

CFR 201 and 610. Requirements are set for container labeling

and package labeling.

Container Label

Provisions are made for the following labels:

� a full label,

� a partial label, and

� no label on the container itself when the containers cannot

support a label that includes all required information and

should be placed in a package that does include all re-

quired information.

The label should be affixed to the container in a manner that

allows visual inspection of the contents for the full length or

circumference of the container. If no package exists, the con-

tainer must bear all of the information required for the package

label.

The full container label normally contains

� the proper name of the product;

� the name, address, and license number of the manufactur-

er;

� the lot number or other lot identification;

� the expiration date;
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� for multiple-dose containers, the recommended individual

dose;

� the phrase Rx only for prescription biologicals; and

� any applicable cautionary statements.

Package Label

In addition to the information required on the container la-

bel, the package label should describe

� any preservative used and its concentration, or the words

no preservative if no preservative is used and its absence

is a safety factor;

� the number of containers, if more than one;

� the amount of product in the container, expressed as num-

ber of doses, volume, units of potency, weight, and equiv-

alent volume (for dried product to be reconstituted);

� or a combination of the above to provide an accurate de-

scription of the contents, as applicable;

� the recommended storage temperature;

� the words shake well, do not freeze, or the equivalent, as

well as other instructions when indicated by the character

of the product;

� for multiple-dose containers, the recommended individual

dose;

� the recommended route of administration, or reference to

such directions in an enclosed circular;

� the presence of known sensitizing substances;

� the type of antibiotics added during manufacture and the

amount calculated to remain in the final product;

� the inactive ingredients, when they constitute a safety fac-

tor or are referenced to an enclosed circular;

� the adjuvant, if present;

� the source of the product, when this may be a factor in

safe administration;

� the identity of each microorganism used in manufacture

and, if applicable, the production medium and the method

of inactivation or reference to an enclosed circular; and

� minimum potency in terms of official standard of potency,

or the words no U.S. standard of potency.

Prescribing Information

Detailed information about a vaccine appears in its prescrib-

ing information, commonly called the package insert. Increas-

ingly, vaccines are distributed with medication guides written

in lay language. Prescribing information (21 CFR 201.56 and

201.57) includes the following:

� Description,

� Clinical Pharmacology,

� Nonclinical Toxicology,

� Clinical Studies,

� How Supplied/Storage and Handling,

� Patient Counseling Information,

� Indications and Usage,

� Dosage and Administration,

� Dosage Forms and Strengths,

� Contraindications,

� Warnings and Precautions,

� Adverse Reactions,

� Most Frequently Occurring Adverse Reactions,

� Adverse Reaction Reporting Contact Information,

� Drug Interactions, and

� Use in Specific Populations.

LOT RELEASE TESTING

General Principles

Manufacturers must perform all appropriate tests for the li-

censed specifications for the product, according to 21 CFR

610.1 and 610.2. Samples of each licensed lot and protocols

containing the manufacturers’ test results are submitted to

FDA. After FDA evaluates the protocol to ensure that the pro-

duct specifications are met, and after satisfactory confirmatory

testing, FDA approves the release of the lot if all tests meet the
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standards of safety, purity, and potency established for the par-

ticular vaccine product. After approval is issued, the manufac-

turer distributes and markets the product.

Guidelines are available regarding alternatives to lot release

and a surveillance system. All of these variations are subject to

the regulations in 21 CFR 610.2 that allow FDA to require that

samples of any lot of licensed product (e.g., vaccine), together

with the protocols showing results of applicable tests, be sent

to FDA.

Common Tests

The tests common to all lots of all products include tests for

potency, general safety, sterility, purity, identity, and constitu-

ent materials. The manufacturer must complete these tests for

conformity with standards applicable to each product. The re-

sults of all tests are considered, except when a test has been

invalidated as a result of causes unrelated to the product (21

CFR 610 Subpart B).

Potency Tests (Vaccine-Specific)—The basic definition

and requirements for vaccine potency and potency assays

are provided in 21 CFR 600.3 and 610.10. A vaccine potency

assay should indicate the vaccine’s ability to provide human

immune protection. Product potency tests vary with vaccine

product types (e.g., viral, bacterial, live attenuated, inactivat-

ed, or polysaccharide). As a result, potency assays for vaccines

span a variety of approaches to the expression of potency. In

vitro potency tests for live virus may include plaque formation

assays, endpoint dilution assays (e.g., the tissue culture infec-

tive dose [TCID50], virus neutralization assays, or quantitative

polymerase chain reaction [PCR] assays). Quantitative colony

formation assays are used for live attenuated bacterial vac-

cines. Animal challenge tests for immunogenicity assays of

potency, such as those for diphtheria and tetanus (U.S. Depart-

ment of Health, Education, and Welfare, 1953; see Appendix

3), or rabies and anthrax show in vivo response. Antigenicity

assays use enzyme-linked immunosorbent assays (ELISA),

e.g., with hepatitis A or rate nephelometry and rocket immu-

noelectrophoresis (e.g., with pneumococcal polysaccharides).

The potency tests for bacterial vaccines, such as the meningo-

coccal polysaccharides, pneumococcal polysaccharides, or

Haemophilus b protein conjugate vaccines use chemical and

physical chemical assays. In the case of pure polysaccharide

vaccines, the concentration or quantity of the vaccine compo-

nent (polysaccharide) and its quality (e.g., size) have been

shown to be indicative of human immune response.

Assay precision and reproducibility vary with the different

methodologies that are used in potency assays, ranging from

the high accuracy and precision of chemical tests at one end of

the spectrum to bioassays at the other end. The general chapter

Design and Analysis of Biological Assays h111i provides

guidance for bioassays and applies to vaccine potency assays.

Other tests should be validated as described in Validation of

Compendial Procedures h1225i.

Release Tests—Official release of the vaccines by the vac-

cine regulatory authority may be based on either the bulk or

the final container. It is highly desirable to perform potency

tests on the final container. However, under certain circum-

stances this may not be practical or even possible: thus, a

case-by-case approach would be required. The choice of

whether to test the bulk or the final container derives from a

number of considerations, such as the quantity of vaccine

available for tests at the different manufacturing stages. For

certain vaccines, both bulk and final container receive official

release. The potency test is generally required for the final con-

tainer. If it is not feasible to perform the potency test on the

final drug product, the test is performed on the bulk material.

General Safety—For biological products that are intended

for administration to humans, manufacturers perform a general

safety test in order to detect any extraneous toxic contami-

nants. Procedures and exceptions are specified in 21 CFR

610.11.

Sterility—A sterility test of each lot of each product is con-

ducted according to procedures described in Sterility Tests

h71i and 21 CFR 610.12 for both bulk and final container ma-

terial.
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Bacterial Endotoxins—Each lot of final containers of a

vaccine intended for use by injection is tested for bacterial en-

dotoxins, as indicated in Bacterial Endotoxins Test h85i.

Purity—Vaccines must be free of extraneous material. Ap-

proved vaccine license applications indicate extraneous mate-

rials that are unavoidable in the manufacturing process for a

specific product. The application may indicate test results

and allowable limits for such materials, according to proce-

dures described in 21 CFR 610.13.

Residual Moisture—Each lot of dried product must be

tested for residual moisture (see Loss on Drying h731i and

FDA’s Guideline for the Determination of Residual Moisture

in Dried Biological Products (see Appendix 3).

Pyrogens—Each lot of final containers of a vaccine intend-

ed for use by injection is tested for pyrogenic substances, as

indicated in Pyrogen Test h151i, 21 CFR 610.14, and FDA’s

Guideline for the Determination of Residual Moisture in Dried

Biological Products (see Appendix 3).

Identity—The contents of a final container of each filling of

each lot are tested for identity after labeling is completed.

Identity is established by physical or chemical characteristics

of the vaccine, inspection by macroscopic or microscopic

methods, specific cultural tests, or in vivo or in vitro immuno-

logical tests. In large part, identity tests are performed to dis-

t inguish the subject vaccine from other mater ia ls

manufactured at the same site (21 CFR 610.14).

Constituent Materials—Ingredients, preservatives, dilu-

ents, adjuvants, extraneous protein, cell culture–produced vac-

cines, and antibiotics are tested according to 21 CFR 610.15.

Permissible Combinations

Formulations that combine several vaccines must be li-

censed as combinations. The potency of each vaccine in the

combination must be individually tested and must meet the

specifications in the context of the final combined product.

For vaccines that are physically combined in clinical locations

just before administration to a patient, prescribing information

should describe specific procedures that must be followed in

those settings.

Quality

In general, quality control systems for vaccine manufacture

are identical to those routinely employed for production of

other pharmaceuticals. These include raw material testing

and release, manufacturing, process-control documentation,

and aseptic processing. Manufacturers must formally assign

responsibility to designated staff for maintaining the continued

safety, purity, and potency of the product and for ensuring

compliance with applicable product and establishment stan-

dards, along with compliance with current GMPs. Analysts

use reference standards and validated methods to determine

active constituents and impurities. Manufacturers determine

product safety in a variety of ways that may include the use

of experimental animals, procedures to demonstrate product

sterility, and tests to ensure product potency. The complexity

of the quality control systems for vaccines lies in the variety of

methods used to produce and control production. Lot release

testing proceeds according to 21 CFR 610.2 and involves eval-

uating lots for safety, purity, and potency before release. Man-

ufacturers follow FDA and applicable international standards

for testing and validation. The basic considerations for valida-

tion are included in Validation of Compendial Procedures

h1225i, in addition to guidance documents issued by FDA

and the International Conference on Harmonization (ICH)

(see Appendix 3).

Alternative Tests

Modification of test methods or manufacturing processes as

licensed may be permitted if the regulatory authority can be

assured that the modifications cause no reduction in safety, pu-
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rity, potency, and effectiveness of the biological product. It

may be necessary for the manufacturer to file the proposed

changes prior to implementation.

Regulations and Standards

Vaccines are regulated by FDA as biologics. The general re-

quirements are listed in national laws and international guid-

ances. For the U.S., national requirements are codified in 21

CFR, the 200 and 600 sections, with additional recommenda-

tions available in FDA Points to Consider and Guidance doc-

uments (www.fda.gov). International guidances are available

from the International Conference on Harmonisation (ICH)

(www.ich.org; see Appendix 3) and the World Health Organi-

zation.

New methodologies are continually being developed and

validated and will be included in USP as they become avail-

able. Reference standards are available from USP and FDA.

APPENDIX 1. DISEASES FOR WHICH LICENSED

VACCINES ARE AVAILABLE IN THE U.S.

� Anthrax

� Chickenpox and shingles (Varicella zoster virus)

� Diphtheria

� Haemophilus influenzae type b

� Hepatitis A

� Hepatitis B

� Human papillomavirus

� Influenza A and B

� Japanese encephalitis

� Measles

� Meningococcal disease groups A, C, Y, and W-135

� Mumps

� Pertussis

� Pneumococcal disease (multiple serotypes)

� Poliomyelitis

� Rabies

� Rotavirus gastroenteritis

� Rubella

� Smallpox (Variola)

� Tetanus

� Tuberculosis

� Typhoid fever

� Yellow fever

APPENDIX 2. TYPES OF VACCINES CURRENTLY

LICENSED IN THE U.S. (EXAMPLES)

� Bacterial, live attenuated (e.g., Salmonella typhi)

� Bacterial, polysaccharide (e.g., meningococcal, pneumo-

coccal)

� Bacterial, polysaccharide-protein conjugate (e.g., menin-

gococcal, pneumococcal)

� Bacterial, toxoid (e.g., diphtheria, tetanus)

� Bacterial, extracts (e.g., pertussis, anthrax)

� Viral, live attenuated (e.g., influenza, measles, mumps, ru-

bella)

� Viral, whole inactivated (e.g., rabies)

� Viral, subunit (e.g., influenza, hepatitis B, human papillo-

mavirus)

APPENDIX 3. SELECTED REGULATORY

DOCUMENTS

� 21 CFR 201.

� 21 CFR 299.

� 21 CFR 600.

� 21 CFR 610.

� Section 262 in Title 42 of the Public Health Service Act

� Center for Biologics Evaluation and Research (CBER),

U.S. Food and Drug Administration (FDA). Guidance

for Industry—Revised Preventive Measures to Reduce

the Possible Risk of Transmission of Creutzfeldt-Jakob
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Disease (CJD) and Variant Creutzfeldt-Jakob Disease

(vCJD) by Blood and Blood Products (January 2002).

http://www.fda.gov/cber/gdlns/cjdvcjd.pdf

� Center for Biologics Evaluation and Research (CBER),

U .S . Food and Drug Admin i s t r a t i on (FDA) .

Guideline for the Determination of Residual Moisture

in Dried Biological Products (January 1990) .

http://www.fda.gov/cber/gdlns/moisture.pdf

� Center for Biologics Evaluation and Research (CBER),

U.S. Food and Drug Administration (FDA). Guidance

on Alternatives to Lot Release for Licensed Biological

Products. Federal Register 1993;58(137): 38771–38773.

http://www.fda.gov/cber/gdlns/altrntvlot071493.pdf

� Department of Health, Education, and Welfare [now the

National Institutes of Health]. Minimum Requirements

for Immune Serum Globulin (Human). 3rd rev. Bethesda,

MD: Department of Health, Education, andWelfare, 1953

� International Conference on Harmonisation (ICH).

Q2(R1). Validation of Analytical Procedures: Text

and Methodology. Geneva, Switzerland: ICH, 2005.

http://www.ich.org/LOB/media/MEDIA417.pdf&2S (USP32)
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

Sodium 1-Decanesulfonate, USP 31 page 797. It is proposed to
add chemical information about this reagent used in the test for
Related compounds in the new monograph for Clenbuterol
Hydrochloride, also appearing in this issue of PF.

(HDQ:M. Marques) RTS—C64166

Change to read:
Sodium 1-Decanesulfonate

&(1-Decanesulfonic acid sodium salt), C10H21NaO3S—

244.33&2S (USP32)
[13419-61-9]—Use a suitable grade

&for ion pair chromatography with a content of not less than

99.0%.&2S (USP32)

BRIEFING

Methylbenzothiazolone Hydrazone Hydrochloride, USP 31
page 783. It is proposed to update the specifications for this reagent.

(HDQ: M. Marques) RTS—C63577

Change to read:

Methylbenzothiazolone Hydrazone Hydrochloride,
C8H10CIN3S �H2O—233.7

&[38894-11-0](monohydrate form)—215.70 (anhydrous

form); [149022-15-1] (hydrate form)&2S (USP32)
—An almost white or yellowish, crystalline powder.
Melting point h741i: about 2708.

&

&2S (USP32)

Suitability for determination of aldehydes—To 2 mL of aldehyde-
free methanol add 60 mL of a 1 g per L solution of propionaldehyde
in aldehyde-free methanol and 5 mL of a 4 g per L solution of
methylbenzothiazolone hydrazone hydrochloride. Mix, and allow to
stand for 30 minutes. Prepare a blank, omitting the propionaldehyde
solution. Add 25.0 mL of a 2 g per L solution of ferric chloride to the
test solution and to the blank, dilute with acetone to 100.0 mL, and
mix. The absorbance of the test solution, measured at 660 nm using
the blank as compensation liquid, is not less than 0.62.

&Use a suitable grade with a content of not less than

97%.&2S (USP32)
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REFERENCE TABLES

CONTAINERS FOR DISPENSING CAPSULES
AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets,USP 31 page
831 and page 1044 of PF 34(4) [July–Aug. 2008].

(HDQ) RTS—C54823; C56391; C58813; C59089; C63299;
C66511

The following table is provided as a reminder for the pharmacist
engaged in the typical dispensing situation who already is acquainted
with the Packaging and storage requirements set forth in the individ-
ual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T),
well-closed (W), and light-resistant (LR) specifications applicable
to containers in which the drug that is repackaged should be dis-
pensed.
This table is not intended to replace, nor should it be interpreted as

replacing, the definitive requirements stated in the individual mono-
graphs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Amlodipine Besylate Tablets T, LR&2S (USP32)

Add the following:

~

Arginine Capsules T, LR~USP32

Add the following:

~

Arginine Tablets T, LR~USP32

Add the following:

&Azithromycin Tablets T&2S (USP32)

Add the following:

~

Bicalutamide Tablets T~USP32

Add the following:

&Cabergoline Tablets T, LR&1S (USP32)

Add the following:

&Calcium Citrate Tablets W&1S (USP32)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Carvedilol Tablets T, LR~USP32

Change to read:

Cefaclor

&Chewable&2S (USP31)

Tablets T

Add the following:

~

Cefdinir Capsules T, LR~USP32

Add the following:

&Clonazepam Orally Disintegrating

Tablets W, LR&1S (USP32)

Add the following:

&Colestipol Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Curcuminoids Capsules W, LR~USP32

Add the following:

~

Curcuminoids Tablets W, LR~USP32

Change to read:

Dantrolene Sodium Capsules
T, LR

&

&2S (USP32)

Add the following:

&Didanosine Tablets for Oral Suspension T&2S (USP31)

Add the following:

&Doxycycline Hyclate Tablets, Delayed-

Release T, LR&1S (USP32)

Add the following:

~

Fenofibrate Capsules W~USP32

Add the following:

~

Flavoxate Hydrochloride Tablets W, LR~USP32

Add the following:

&Fluconazole Tablets W&2S (USP32)
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Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Change to read:

Asian Ginseng Capsules
T, LR

~

~USP32

Add the following:

&Granisetron Hydrochloride Tablets W, LR&2S (USP32)

Add the following:

&Guggul Tablets W, LR&2S (USP32)

Add the following:

&Ivermectin Tablets W&2S (USP31)

Add the following:

&Ivermectin and Pyrantel Pamoate

Tablets T&1S (USP32)

Add the following:

~

Ketoprofen Capsules, Extended-

Release T~USP32

Add the following:

~

Lisinopril and Hydrochlorothiazide

Tablets W~USP32

Add the following:

~

Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR~USP32

Add the following:

&Loratadine Orally Disintegrating

Tablets T&1S (USP32)

Add the following:

&Losartan Potassium Tablets T&2S (USP32)

Add the following:

&Metronidazole Capsules W, LR&1S (USP32)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Mirtazapine Orally Disintegrating

Tablets LR~USP32

Add the following:

&Ondansetron Tablets T, LR&2S (USP32)

Add the following:

&Orbifloxacin Tablets T&1S (USP32)

Add the following:

&Orphenadrine Citrate Tablets,

Extended-Release T, LR&1S (USP32)

Add the following:

~

Pantoprazole Sodium Delayed-Release

Tablets T~USP32

Add the following:

&Pilocarpine Hydrochloride Tablets T&1S (USP32)

Add the following:

&Potassium Citrate Tablets W&1S (USP32)

Add the following:

&Raloxifene Hydrochloride Tablets T&2S (USP31)

Add the following:

&Risedronate Sodium Tablets W&2S (USP32)

Add the following:

~

Soy Isoflavones Capsules T, LR~USP32

Add the following:

&Tamsulosin Hydrochloride Capsules T&2S (USP32)

Add the following:

~

Valganciclovir Tablets T~USP32

Add the following:

&Zinc Citrate Tablets W&1S (USP32)
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BRIEFING

Description and Relative Solubility of USP and NF Articles,
USP 31 page 840, page 266 of PF 29(1) [Jan.–Feb. 2003], page
591 of PF 31(2) [Mar.–Apr. 2005], page 1193 of PF 31(4) [July–
Aug. 2005], page 188 of PF 32(1) [Jan.–Feb. 2006], page 662 of
PF 32(2) [Mar.–Apr. 2006], page 110 of PF 33(1) [Jan.–Feb.
2007], page 507 of PF 33(3) [May–June 2007], page 775 of PF
33(4) [July–Aug. 2007], page 1053 of PF 33(5) [Sept.–Oct. 2007],
page 1270 of PF 33(6) [Nov.–Dec. 2007], page 166 of PF 34(1)
[Jan.–Feb. 2008], page 450 of PF 34(2) [Mar.–Apr. 2008], page
817 of PF 34(3) [May–June 2008], and page 1046 of PF 34(4) [Ju-
ly–Aug. 2008].

(HDQ) RTS—C43121; C43734; C44251; C46395; C49311;
C51145; C55189; C59088; C63579; C64882

Add the following:

&Behenoyl Polyoxylglcerides: Waxy solid or fine pow-

der. Soluble in methylene chloride; insoluble in alcohol; dis-

persible in water. NF category: Tablet and/or capsule

lubricant.&2S (NF27)

Add the following:

&Silicified Microcrystalline Cellulose: White or almost

white, very fine to moderately fine powder. It is a free-flowing

material that may be compacted into self-binding tablets that

disintegrate rapidly in water. Slightly soluble in sodium hy-

droxide solution (1 in 20); practically insoluble in water, in ac-

etone, in ethanol, in toluene, and in diluted acid. NF category:

Tablet binder; tablet disintegrant; tablet and/or capsule

diluent.&2S (NF27)

Change to read:

Corn Oil: Clear, light yellow, oily liquid, having a faint, charac-
teristic odor and taste. Slightly soluble in alcohol. Miscible with ether,
with chloroform, with benzene, and with solvent hexane.

&Specific gravity h841i: between 0.914 and 0.921.&2S (NF27)

NF category: Solvent; vehicle (oleaginous).

Change to read:

Cottonseed Oil: Pale yellow, oily liquid. Is odorless or nearly so,
and has a bland taste. At temperatures below 108 particles of solid fat
may separate from the Oil, and at about 08 to –58 the Oil becomes a
solid or nearly so.

&Specific gravity h841i: between 0.915 and 0.921.&2S (NF27)

Slightly soluble in alcohol. Miscible with ether, with chloroform,
with solvent hexane, and with carbon disulfide. NF category: Sol-
vent; vehicle (oleaginous).

Add the following:

&Ethyl Maltol: White, crystalline powder having a cot-

ton-candy odor and a sweet, fruitlike flavor in dilute solution.

One g dissolves in about 55 mL of water, 10 mL of alcohol, 17

mL of propylene glycol, and 5 mL of chloroform. It melts at

about 908. NF category: Vehicle; flavored and/or sweete-

ned.&2S (NF27)

Add the following:

&Mesna: White or slightly yellow crystalline powder; hy-

groscopic. Freely soluble in water; slightly soluble in alcohol;

practically insoluble in cyclohexane.&2S (USP32)

Add the following:

&Moxifloxacin: Slightly yellow to yellow powder or crys-

tals. Soluble in 0.1 N sodium hydroxide; sparingly soluble in

water and in methanol; slightly soluble in 0.1N hydrochloric

acid, in dimethylformamide, and in alcohol; practically insol-

uble in methylene chloride, in acetone, in ethyl acetate, and in

to luene; insoluble in t er t -butyl methyl e ther and

n-heptane.&2S (USP32)

Add the following:

&Oxcarbazepine: Light orange to creamish white or off-

white powder. Soluble in acetic acid; sparingly soluble in chlo-

roform; practically insoluble in water.&2S (USP32)

Add the following:

&Risedronate Sodium: White to off-white powder. Solu-

ble in water and in aqueous solutions; insoluble in common

organic solvents.&2S (USP32)

Add the following:

&Sertraline Hydrochloride: White or off-white crystal-

line powder. Slightly soluble in water, in acetone, and in iso-

propanol; freely soluble in absolute alcohol.&2S (USP32)

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n

Pharmacopeial Forum
1322 IN-PROCESS REVISION Vol. 34(5) [Sept.–Oct. 2008]



Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and published in the

Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an item is adopted, it is

published in the USP–NF, its Supplements, or an IRA. Those items that have not yet been adopted are marked as Pending Proposals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Requirements; USP

monographs; Dietary Supplements Monographs; General Chapters; Reference Tables; Excipients; and NFMonographs. Each entry

in the Pending Proposals list contains the monograph title and the citation of the most recent publication of the monograph. Reprints

of PF proposals may be purchased from USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.
� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible for the

proposed revisions. The contact information (phone number and email) for the Scientific Liaison is available in the Staff Di-

rectory section ofHow to Use PF. ForUSP–NF Online subscribers, the name and contact information for the assigned Scientific

Liaison is available in the Auxiliary Information portion of each monograph.
� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chapter of interest.
� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general chapter in the

subject line of the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were pending,

but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e., 34(1) through 34(6)].

Note that canceled proposals may be republished in PF to be considered for future adoption into the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

General Notices (entire General Notices and Requirements revised) 34 1 40

USP Monographs
Acetylcysteine—USP Reference standards, Assay 31 3 726
Albendazole—Assay 34 1 69
Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add)
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Sulfate—USP Reference standards, Assay 34 2 242
Albuterol Tablets—Assay 31 3 726
Alfuzosin Hydrochloride (new) 34 1 69
Allopurinol—Related compounds, Limit of hydrazine (add) 34 1 70
Alprazolam—USP Reference Standards, Identification, Loss on drying,
Chromatographic purity (delete), Related compounds (add), Assay

33 5 868

Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable Tablets (new) 29 6 1836
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets—
Title (name change), Defoaming activity (delete)

33 5 870

Alumina, Magnesia, and Simethicone Chewable Tablets (new)—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia, and Simethicone Oral Suspension—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Tablets—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Chewable Tablets—
Defoaming activity (delete)

33 5 871

Aluminum Acetate Topical Solution—Identification 34 2 242
Aluminum Subacetate Topical Solution—Identification 34 2 242
Amiloride Hydrochloride and Hydrochlorothiazide Tablets—Dissolution 33 4 636
Aminophylline—CAS number 34 1 72
Amodiaquine Hydrochloride—USP Reference standards, Identification,
Chromatographic purity, Assay

34 2 243

Amodiaquine Hydrochloride Tablets—USP Reference standards,
Identification, Assay

34 3 558
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Amphetamine Sulfate—USP Reference standards, Identification,
Chromatographic purity (delete), Related compounds (add),
Organic volatile impurities (delete), Assay

34 4 902

Amphetamine Sulfate Tablets—Identification, Assay 34 4 904
Anastrozole (new) 34 2 244
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Arginine Capsules (new) 33 6 1160
Arginine Tablets (new) 33 6 1161
Atovaquone—Heavy metals, Assay 34 2 247
Atovaquone Oral Suspension—Assay 34 2 247
Atracurium Besylate Injection—Related compounds 34 4 905
Aurothioglucose Injectable Suspension—Bacterial endotoxins (add),

Sterility (add)
34 4 906

Avobenzone—Assay 33 5 872
Azithromycin—USP Reference standards, Limit of related
substances (delete), Related compounds (add)

34 3 559

Azithromycin for Injection (new) 34 3 562
Aztreonam—Definition, Labeling, Identification, Water 33 5 872
Aztreonam for Injection—Assay 34 4 906
Bacitracin—Chemical structure (add), Definition,
Identification, Residue on ignition (add),
Composition (add)

33 5 873

Bacitracin Zinc—Definition, Identification,
Composition (add)

33 5 875

Betamethasone Oral Solution—Packaging and storage,
Thin-layer chromatographic identification test (delete),
Identification A, B (add), Microbial limits (add),
pH (add), Deliverable volume (add), Related
compounds (add), Assay

34 3 567

Bicalutamide (new) 33 5 876
Bicalutamide Tablets (new) 34 1 73
Bismuth Subsalicylate Magma—Packaging and storage 33 4 638
Bisoctrizole (new) 32 2 309
Bisoprolol Fumarate Tablets—Dissolution 34 3 570
Budesonide—Related compounds 34 4 907
Bupivacaine Hydrochloride—CAS number 34 1 75
Bupropion Hydrochloride Extended-Release Tablets—Dissolution,
Related compounds

34 3 570

Buspirone Hydrochloride—Content of chloride 31 3 742
Cabergoline (new) 34 1 75
Cabergoline Tablets (new) 34 3 572
Calcitonin Salmon (new) 33 5 878
Calcium Carbonate, Magnesia, and Simethicone Tablets (new)—
Defoaming activity (delete)

33 5 888

Calcium Carbonate, Magnesia, and Simethicone Chewable
Tablets (new)—Defoaming activity (delete)

33 5 888

Camphor—Water 31 3 742
Carvedilol (new) 34 3 574
Carvedilol Tablets (new) 34 3 579
Cefaclor Capsules—Identification, Related compounds, Assay 34 2 248
Cefaclor Chewable Tablets (new) 33 4 641
Cefdinir (new) 33 6 1162
Cefdinir for Oral Suspension (new) 34 1 81
Ceftazidime Injection—USP Reference standards, Pyrogen (delete),
Bacterial endotoxins (add)

34 4 907

Ceftiofur Hydrochloride (new) 34 4 908
Ceftiofur Sodium (new) 34 4 912
Chlorhexidine Acetate (new) 34 3 582
Chlorhexidine Gluconate Oral Rinse—Labeling, USP Reference
standards

34 2 250

Chlorhexidine Gluconate Solution—USP Reference standards,
Limit of p-chloroaniline, Assay

34 2 250

Chlorhexidine Hydrochloride (new) 34 3 585
Chloroquine—Assay 34 1 86
Chloroquine Phosphate—USP Reference standards,
Identification, Assay

34 2 251

Chloroquine Phosphate Tablets—USP Reference standards,
Identification, Assay

34 3 587

Ciclopirox—Related compounds 33 4 642
Ciclopirox Olamine—Related compounds 33 4 643
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Cilostazol—Loss on drying 34 3 589
Cisapride (new) 34 2 253
Citalopram Hydrobromide—Identification, Related compounds 34 4 917
Anhydrous Citric Acid (Harmonization), Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization), Sulfate 31 3 750
Citric Acid, Magnesium Oxide, and Sodium Carbonate
Irrigation—USP Reference standards, Assay for citric
acid (delayed implementation to January 1, 2009)

31 2 394

Cladribine—Specific rotation, Related compounds 33 1 49
Climbazole (new) 33 5 891
Clonazepam Orally Disintegrating Tablets (new) 34 2 254
Clopidogrel Tablets—Related compounds 33 1 50
Cloprostenol Injection (new) 34 4 918
Cloprostenol Sodium (new) 34 4 920
Clozapine—USP Reference standards, Identification,
Chromatographic purity (delete), Related compounds (add)

33 5 893

Clozapine Tablets—Uniformity of dosage units (add) 34 3 589
Colestipol Hydrochloride—Identification 33 5 895
Colestipol Hydrochloride for Oral Suspension—
Identification (add)

33 5 896

Colestipol Hydrochloride Tablets (new) 33 5 896
Cupric Sulfate—Limit of calcium 33 5 898
Cyromazine (new) 33 4 644
Dactinomycin—Specific rotation 34 3 589
Dalteparin Sodium (new) 30 5 1598
Dantrolene Sodium Capsules—Dissolution 33 4 645
Dapsone—Assay 31 3 750
Acellular Dermal Matrix (new) 33 5 898
Desmopressin Nasal Spray Solution (new) 31 4 1059
Dextroamphetamine Sulfate—Definition, USP Reference standards,
Identification, Chromatographic purity (delete), Related
compounds (add), Organic volatile impurities (delete),
Assay

34 4 921

Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclofenac Potassium—Identification 34 1 87
Diclofenac Sodium Delayed-Release Tablets—Identification 31 3 751
Didanosine—USP Reference standards, Related compounds 34 1 87
Didanosine Tablets for Oral Suspension (new) 33 5 903
Dihydroxyaluminum Sodium Carbonate Chewable
Tablets (new)

29 6 1873

Diethylstilbestrol Diphosphate (delete entire monograph) 33 6 1165
Diethylstilbestrol Diphosphate Injection (delete entire monograph) 33 6 1167
Diltiazem Hydrochloride—Definition 33 5 907
Dimenhydrinate—Identification 33 5 907
Dimenhydrinate Injection—USP Reference standards, Identification 33 5 907
Dimethyl Sulfoxide—Definition, Congealing temperature (delete),
Substances darkened by potassium hydroxide (delete), Limit of
dimethyl sulfone (delete), Limit of nonvolatile residue,
Related compounds (add), Assay (add)

34 1 88

Dinoprost Tromethamine Injection (new) 33 5 908
Dipivefrin Hydrochloride—Assay 34 1 89
Disopyramide Phosphate—Assay 34 1 90
Doxycycline Hyclate Delayed-Release Tablets (new) 34 3 589
Dronabinol—Packaging and storage, Related compounds, Assay 34 1 90
Dyclonine Hydrochloride— Chemical information 33 6 1167
Egg Phospholipids (new) 31 3 757
Enalaprilat Injection (new) 34 3 593
Enoxaparin Sodium (new) 33 1 52
Enoxaparin Sodium Injection (new) 33 1 58
Enrofloxacin (new) 34 4 924
Epinephrine—Assay 34 1 91
Estradiol—Chemical information, Labeling (add) 33 6 1167
Estradiol Tablets—USP Reference standards, Chromatographic
purity (add)

34 3 596

Estradiol Vaginal Inserts (new) 34 3 597
Estradiol and Norethindrone Acetate Tablets—Dissolution (add),
Uniformity of dosage units (add), Chromatographic
purity, Assay

34 4 928

Conjugated Estrogens—Definition 30 3 840
Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
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PF Volume, Issue, and Page Numbers of Pending Proposals
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Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Ethinyl Estradiol Tablets—Disintegration (delete), Dissolution (add) 31 4 1067
Ethionamide—Assay 33 4 648
Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Eucatropine Hydrochloride (delete entire monograph) 33 6 1168
Eucatropine Hydrochloride Ophthalmic Solution (delete entire
monograph)

33 6 1168

Famotidine Injection (new) 32 2 333
Fenofibrate (new) 31 3 763
Fenofibrate Capsules (new) 34 2 258
Fenoprofen Calcium—Chromatographic purity 34 3 601
Fentanyl (new) 34 3 602
Fexofenadine Hydrochloride—Water 34 3 606
Fexofenadine Hydrochloride Tablets—Dissolution 34 4 931
Flavoxate Hydrochloride (new) 33 6 1172
Flavoxate Hydrochloride Tablets (new) 34 3 607
Fluconazole Injection (new) 34 2 266
Fluconazole Tablets (new) 34 4 932
Fludarabine Phosphate for Injection—Related compounds 34 4 933
Flurazepam Hydrochloride—Identification 31 3 766
Fluticasone Propionate Cream (new) 34 3 609
Fluticasone Propionate Ointment (new) 34 3 611
Fluvestrant (new) 33 5 99
Formaldehyde Solution—Definition, Labeling (delete),
Content of methanol (add), Assay

33 4 650

Formoterol Fumarate (new) 33 3 402
Foscarnet Sodium (new) 34 1 97
Fosinopril Sodium—Related compounds 34 3 613
Fosphenytoin Sodium—Related compounds, Assay 34 2 270
Gabapentin Tablets—Labeling (add), Dissolution 34 4 934
Glutaral Concentrate—Specific gravity 31 3 766
Glyburide Tablets—Dissolution 33 4 651
Glyburide and Metformin Hydrochloride Tablets (new) 31 3 766
Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride (new) 33 6 1176
Granisetron Hydrochloride Injection (new) 34 4 935
Granisetron Hydrochloride Tablets (new) 34 4 937
Haloperidol Decanoate (new) 34 3 614
Heparin Sodium—Definition, Anti-factor Xa activity,
Assay

33 2 238

Hydrocodone Bitartrate and Homatropine Methylbromide Tablets—
Labeling (add), Dissolution (add)

33 4 654

Hydroxychloroquine Sulfate Tablets—Identification 34 4 940
Hydroxyzine Pamoate—Identification, Residue on ignition,
Heavy metals, Pamoic acid content (delete), Assay

34 2 271

Hydroxyzine Pamoate Capsules—Identification, Assay 34 2 272
Hydroxyzine Pamoate Oral Suspension—Identification, Assay 34 2 273
Hyoscyamine Sulfate—Specific rotation 33 4 659
Ibuprofen—Chromatographic purity 34 4 941
Ibuprofen Tablets—Limit of ibuprofen related compound C 34 4 941
Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Human Insulin Isophane Suspension and Human Insulin Injection—
Soluble insulin human content

34 4 941

Iopamidol—Chemical structure, Reference standards, Identification,
Related compounds

33 6 1179

Iopamidol Injection—Assay 33 6 1182
Isopropyl Alcohol—Reference standards 33 6 1182
Isosorbide Mononitrate Extended-Release Tablets—Dissolution 33 4 659
Isotretinoin Capsules—Labeling (add), Dissolution,
Chromatographic purity, Assay

34 4 942

Itraconazole (new) 34 4 947
Ivermectin—Definition 33 5 912
Ivermectin Injection (new) 33 5 913
Ivermectin Paste (new) 33 5 914
Ivermectin Topical Solution (new) 33 5 916
Ivermectin Tablets (new) 34 4 948
Ivermectin and Clorsulon Injection (new) 33 5 921
Ivermectin and Pyrantel Pamoate Tablets (new) 34 2 277
Ketoprofen—USP Reference standards, Chromatographic purity 34 3 617
Ketoprofen Extended-Release Capsules (new) 34 4 951
Lamotrigine (new) 34 3 617
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Levonorgestrel—USP Reference standards, Chromatographic purity,
Assay

34 3 620

Levorphanol Tartrate—Assay 34 2 280
Levothyroxine Sodium Oral Powder—Identification (add) 34 4 954
Levothyroxine Sodium Tablets—Definition, Identification 34 4 954
Lindane—Assay 34 2 280
Liothyronine Sodium Tablets—Identification 34 4 955
Liotrix Tablets—Identification 34 4 955
Lipid Injectable Emulsion—Definition, Limit of
free fatty acids

34 3 621

Lisinopril Tablets—Dissolution 34 4 956
Lisinopril and Hydrochlorothiazide Tablets (new) 34 4 956
Loratadine Orally Disintegrating Tablets (new) 34 3 624
Loratadine and Pseudoephedrine Sulfate Extended-Release Tablets (new) 32 6 1715
Losartan Potassium—Limit of cyclohexane and isopropyl alcohol (delete) 34 3 626
Mafenide Acetate Cream—Identification 34 2 280
Mafenide Acetate for Topical Solution—Content of acetic acid 34 3 627
Magadrate and Simethicone Tablets—Title (name change),
Defoaming activity (delete)

33 5 923

Magaldrate and Simethicone Chewable Tablets (new)
Defoaming activity (delete)

33 5 924

Magnesium Carbonate and Citric Acid for Oral Solution—
USP Reference standards (add), Content of anhydrous
citric acid, Other requirements (delayed implementation
to January 1, 2009)

31 2 419

Magnesium Citrate Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 420

Magnesium Citrate for Oral Solution—USP Reference
standards (add), Content of anhydrous citric acid,
Other requirements (delayed implementation
to January 1, 2009)

31 2 421

Mannitol Injection—Labeling 32 2 263
Meclizine Hydrochloride Tablets—Related compounds, Assay 33 6 1186
Meclocycline Sulfosalicylate—Assay 34 3 627
Meclocycline Sulfosalicylate Cream—Assay 34 3 628
Mefenamic Acid—Heavy metals 34 2 281
Mefloquine Hydrochloride—Assay 33 4 667
Meradimate—Assay 34 1 100
Methacholine Chloride—Identification, Melting range (delete) 34 3 629
Methotrexate—USP Reference standards, Chromatographic purity 34 3 630
Methoxsalen Capsules—Assay 34 1 101
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylprednisolone—Chromatographic purity, Assay 33 6 1189
Metronidazole—Packaging and storage, USP Reference standards,
Identification, Melting range (delete), Non-basic substances
(delete), Chromatographic purity (delete), Related compounds (add),
Assay

34 3 631

Metronidazole Capsules (new) 34 3 633
Metronidazole Benzoate—USP Reference standards,
Related compounds

31 3 781

Midazolam (new) 34 4 961
Midazolam Injection (new) 34 3 635
Mineral Oil—CAS number (add), Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add),
Neutrality (delete), Acidity (add), Readily carbonizable
substances, Limit of polynuclear compounds, Limit of sulfur
compounds (add)

33 5 962

Mineral Oil, Rectal—Packaging and storage, USP Reference standards
(add), Identification (add), Neutrality (delete),
Acidity (add)

33 5 964

Topical Light Mineral Oil—Packaging and storage,
Labeling, USP Reference standards (add), Identification,
Viscosity, Neutrality and solid paraffin (delete), Acidity (add),
Solid paraffin (add)

33 5 964

Minocycline Periodontal System (new) 34 4 963
Mirtazapine—USP Reference standards, Water, Chromatographic
purity, Assay

34 4 964

Mirtazapine Orally Disintegrating Tablets (new) 33 6 1189
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Morantel Tartrate—pH 32 6 1735
Mupirocin Calcium—Identification, Related compounds, Assay 34 1 101
Mupirocin Cream—Related compounds, Assay 34 2 281
Mupirocin Nasal Ointment (new) 34 4 966
Mycophenolate Mofetil (new) 33 5 924
Naltrexone Hydrochloride—Related compounds 34 2 283
Naphazoline Hydrochloride Ophthalmic
Solution—Assay

33 5 926

Naproxen Delayed-Release Tablets—Drug release 33 6 1192
Nicotine Transdermal System—Drug release, Assay 33 5 927
Nifedipine Extended-Release Tablets—Dissolution 34 3 638
Norethindrone Acetate—Chromatographic purity 34 4 969
Norethindrone Tablets—Labeling (add), Disintegration (delete),
Dissolution (add)

33 6 1193

Norethindrone Acetate and Ethinyl Estradiol Tablets—Dissolution 33 3 432
Norethindrone Acetate and Ethinyl Estradiol Tablets—Identification 33 6 1194
Norgestimate and Ethinyl Estradiol Tablets—Assay 34 4 969
Octisalate—Assay 34 4 970
Octocrylene—Identification, Assay 33 5 929
Ofloxacin—Chromatographic purity (delete), Related
compounds (add)

30 4 1274

Olanzapine (new) 34 3 641
Ondansetron Hydrochloride—Limit of ondansetron
related compound D, Assay

32 1 126

Ondansetron Tablets (new) 34 4 971
Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution

33 3 439

Orbifloxacin (new) 34 2 283
Orbifloxacin Tablets (new) 34 2 286
Orlistat Capsules (new) 32 6 1739
Orphenadrine Citrate Extended-Release Tablets (new) 34 3 643
Oxaliplatin (new) 34 4 973
Oxandrolone Tablets—Identification, Assay 33 5 929
Oxytocin—Definition, USP Reference standards,
Identification, Vasopressor activity (delete),
Acetic acid content (add)

34 3 647

Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Paricalcitol—Identification, Assay 33 2 252
Paroxetine Hydrochloride—Limit of related compound C,
Limit of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine,
Chromatographic purity, Assay

33 5 932

Paroxetine Tablets—Identification, Uniformity of dosage units, Assay 33 4 672
Pectin—Identification 31 3 783
Penicillamine Capsules—Dissolution 31 2 436
Pentazocine and Acetaminophen Tablets—Title, Assay for pentazocine,
Assay for acetaminophen

33 6 1200

Pentobarbital Sodium—Labeling (add), USP Reference standards,
Other requirements (add)

31 1 73

Pergolide Oral Suspension, Veterinary (new) 34 2 289
Permethrin (new) 32 4 1100
Permethrin Cream (new) 34 1 103
Petrolatum (new)—Harmonization 28 2 569
White Petrolatum (new)—Harmonization 28 2 570
Phenylephrine Hydrochloride—Assay 34 2 291
Phenytoin Chewable Tablets (new) 29 6 1965
Pilocarpine Hydrochloride Tablets (new) 34 2 291
Piperacillin and Tazobactam for Injection (new) 34 4 980
Piperazine—USP Reference standards (add), Identification,

Primary amines and ammonia (delete), Chromatographic purity (add)
34 1 105

Piperazine Adipate (new) 33 6 1201
Piperazine Citrate—USP Reference standards (add)
Identification, Primary amines and ammonia (delete)
Chromatographic purity (add), Assay

34 1 106

Piperazine Dihydrochloride (new) 33 6 1202
Piperazine Phosphate (new) 33 6 1204
Polyethlene Glycol 3350 and Electrolytes for Oral Solution—
Reference standards, Assay for potassium and sodium

33 6 1205
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Polyvinyl Alcohol—Definition, Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Viscosity,
Residue on ignition, Heavy metals (add), Acid value (add),
Water-insoluble substances, Limit of methanol (methyl alcohol)
and methyl acetate (add)

33 6 1206

Potassium and Sodium Bicarbonates and Citric Acid
Effervescent Tablets for Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 440

Potassium Bitartrate—Limit of ammonia 31 3 786
Potassium Bromide Oral Solution, Veterinary (new) 33 5 936
Potassium Citrate Extended-Release Tablets—USP
Reference standards (add), Assay (delayed implementation
to January 1, 2009)

31 2 443

Potassium Citrate and Citric Acid Oral Solution—USP
Reference standards (add), Assay for citrate
(delayed implementation to January 1, 2009)

31 2 444

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Povidone–Iodine—Nitrogen content 33 5 937
Pravastatin Sodium—Chromatographic purity, Assay 34 2 294
Prednisolone Sodium Phosphate—Definition, Free prednisolone (delete)
Related compounds (add), Assay

34 1 108

Primaquine Phosphate—Identification, Assay 33 5 937
Primaquine Phosphate Tablets—Uniformity of dosage units, Assay 33 5 938
Proguanil Hydrochloride (new) 34 2 296
Promethazine Hydrochloride—USP Reference standards,
Related compounds

32 4 1105

Promethazine Hydrochloride Tablets—USP Reference standards,
Related compounds, Assay

32 4 1107

Propofol Injectable Emulsion (new) 33 6 1208
Propoxycaine and Procaine Hydrochloride and Norepinephrine
Bitartrate Injection—Assay for norepinephrine

34 1 110

Pseudoephedrine Hydrochloride—Definition, USP Reference standards,
Ordinary impurities (delete), Chromatographic purity (add),
Assay

34 2 298

Pyrimethamine—Identification, Assay 33 5 939
Raloxifene Hydrochloride (new) 33 4 673
Raloxifene Hydrochloride Tablets (new) 33 4 676
Ramipril—Definition, Assay 31 3 787
Ranitidine Hydrochloride—Chromatograpic purity, Assay 34 2 299
Oral Rehydration Salts—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 5 1399

Ritonavir—Related compounds 33 4 679
Rocuronium Bromide (new) 34 3 648
Salsalate Tablets—Assay 33 6 1211
Saquinavir Mesylate—Heavy metals 33 5 940
Secobarbital Sodium—Chemical structure, Definition, Identification,
Related compounds (add), Isomer content (delete),
Assay

34 4 984

Sevoflurane (new) 33 5 940
Sibutramine Hydrochloride (new) 34 4 986
Simethicone Capsules—Disintegration, Defoaming activity (delete) 33 5 948
Simethicone Emulsion—Assay 34 3 652
Simethicone Oral Suspension—Defoaming activity (delete) 33 5 948
Simethicone Tablets—Disintegration, Defoaming activity (delete) 34 3 652
Simvastatin—Definition, Chromatographic purity 33 5 948
Sodium Bromide Injection, Veterinary (new) 33 5 949
Sodium Bromide Oral Solution, Veterinary (new) 33 5 950
Sodium Chloride—Identification, Loss on drying,
Limit of potassium (postponed indefinitely)

32 2 264

Sodium Fluoride—Assay 34 3 653
Soybean Oil—CAS number (add), Labeling,
Identification (add), Specific gravity (delete),
Refractive index (delete), Heavy metals, Free fatty acids (delete),
Acid value (add), Fatty acid composition, Iodine value (delete),
Saponification value (delete), Cottonseed oil (delete),
Peroxide value, Water (add), Alkaline impurities (add),
Sterol composition (add), Other requirements (add)

34 4 989

Stavudine—Specific rotation 34 3 653
Sucralfate—Identification 33 2 254
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Silver Sulfadiazine—Silver content 33 5 951
Sulfadoxine—Identification, Assay 34 2 300
Sulfadoxine and Pyrimethamine Tablets—Assay 34 2 301
Sulfamethazine Granulated—Assay 31 3 797
Sulfasalazine—Identification 34 3 653
Sulfazalazine Tablets—Identification 34 3 653
Tamsulosin Hydrochloride (new) 33 6 1211
Tazobactam—Identification, Specific rotation,
Related compounds, Organic volatile
impurities (delete), Assay

34 2 302

Terbutaline Sulfate Inhalation Aerosol—USP Reference
standards, Assay

31 2 450

Terconazole (new) 34 4 991
Thiabendazole Chewable Tablets (new) 29 6 1991
Thioguanine—USP Reference standards, Identification,
Limit of guanine

34 2 305

Thioridazine Hydrochloride—Identification 31 3 798
Tiagabine Hydrochloride—Chromatographic purity 34 2 306
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tobramycin Inhalation Solution—Identification (add), Osmolarity,
Chromatographic purity, Other requirements (delete), Assay

34 2 307

Torsemide—Water 33 6 1213
Tramadol Hydrochloride (new) 31 2 458
Tramadol Hydrochloride Tablets (new) 31 2 462
Trandolapril (new) 34 2 310
Travoprost (new) 32 4 1115
Travoprost Ophthalmic Solution (new) 32 4 1118
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Triamterine Capsules—USP Reference standards, Related compounds
(add), Assay

34 3 654

Tricitrates Oral Solution—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 2 465

Triclosan—Residue on ignition (delete),
Completeness of solution (add), Assay

33 4 681

Tryptophan—Chromatographic purity (add),
Limit of tryptophan related compound A (add)

33 6 1214

Tylosin Injection (new) 33 5 952
Ursodiol Capsules—Dissolution 31 3 800
Valganciclovir Hydrochloride (new) 33 1 84
Valganciclovir Tablets (new) 33 1 89
Vancomycin Hydrochloride—Labeling (add), USP Reference standards,
Chromatographic purity, Other requirements (add)

34 1 111

Sterile Vancomycin Hydrochloride—(delete the entire monograph) 34 1 112
Vancomycin Hydrochloride for Injection—Definition, Labeling (add),
Identification (add), Water (add), pH (add), Uniformity of
dosage units (add), Chromatographic purity, Assay

34 4 992

Vasopressin—Chemical information, Definition, USP Reference
standards, Oxytocic activity (delete), Water (add), Acetic acid
content (add), Assay

34 4 994

Vasopressin Injection—Assay 34 4 995
Vecuronium Bromide—Related compounds 33 4 682
Verapamil Hydrochloride—Definition 33 5 953
Vinblastine Sulfate for Injection—Identification (add),
Other requirements

34 4 995

Pure Steam (new) 31 2 467
Water for Hemodialysis—Bacterial endotoxins 31 2 468
Sterile Water for Inhalation—pH (delete), Ammonia (delete),
Calcium (delete), Carbon dioxide (delete), Chloride
(delete), Sulfate (delete), Conductivity (add),
Oxidizable substances

31 3 802

Sterile Water for Injection—Oxidizable substances 31 3 803
Sterile Water for Irrigation—Oxidizable substances 31 3 804
Sterile Purified Water—Oxidizable substances 31 3 804
Xylose—USP Reference standards, Identification, Chromatographic
purity, Assay

34 4 995

Zidovudine—Assay 34 3 656
Zidovudine Capsules—Related compounds, Assay 34 3 657
Zidovudine Injection—Related compounds, Assay 34 3 658
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Dietary Supplements Monographs
Acesulfame Potassium—Packaging and storage (add),
Limit of fluoride

31 3 811

Powdered Bilberry Extract (new) 33 4 685
Calcium Citrate Tablets (new) 34 2 312
Chamomile—Definition, Identification, Microbial enumeration,
Absence of specified microorganisms (add), Volatile oil content,
Content of apigenin-7-glucoside, Content of bisabolan derivatives

33 4 688

Curcuminoids (new) 33 6 1215
Curcuminoids Capsules (new) 33 6 1217
Curcuminoids Tablets (new) 33 6 1218
Asian Ginseng Capsules (new) 30 2 571
Glucosamine Hydrochloride—Specific rotation, Assay 33 4 691
Glucosamine Sulfate Potassium Chloride—Identification, Specific
rotation, Residue on ignition, Assay

33 4 692

Glucosamine Sulfate Sodium Chloride—Identification, Specific rotation,
Residue on ignition, Assay

33 4 692

Glutamic Acid (new) 34 4 997
Grape Seeds Oligomeric Proanthocyanidins (new) 34 3 659
Powdered Decaffeinated Green Tea Extract (new) 33 6 1220
Guggul (new) 34 4 1000
Native Guggul Extract (new) 34 4 1002
Purified Guggul Extract (new) 34 4 1003
Guggul Tablets (new) 34 4 1004
Ground Limestone (new) 34 4 998
Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Omega-3 Acid Triglycerides (new) 34 3 662
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Potassium Citrate Tablets (new) 34 2 313
Sodium Benzoate—USP Reference standards (add),
Identification

31 3 818

Powdered Soy Isoflavones Extract (new) 33 6 1224
Soy Isoflavones Capsules (new) 33 6 1227
Soy Isoflavones Tablets (new) 33 6 1228
Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Xanthan Gum—Assay 31 3 821
Zinc Citrate (new) 34 2 315
Zinc Citrate Tablets (new) 34 2 316
Zinc and Vitamin C Lozenges (new) 34 2 317

USP General Test Chapters
h1i Injections—Ingredients 34 4 1020
h11i USP Reference Standards— 29

30
31
31
32
33
33
33
33
33
34
34
34
34

6
5
2
6
1
1
3
4
5
6
1
2
3
4

2022
1674
507
1680
181
95
497
716
981
1256
142
332
680
1021

h41i Weights and Balances—Introduction, Repeatability (add),
Verification of Accuracy (add), Calibration Check (add)

34 3 682
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

h85i Bacterial Endotoxins Test—Harmonization 33 3 539
h111i Design and Analysis of Biological Assays (entire chapter revised) 34 3 685
h121i Insulin Assays—Appendix (add) 30 5 1675
h191i Identification Tests—General—Introduction, Acetate, Ammonium 34 2 333
h207i Test for 1,6-Anhydro Derivative for Enoxaparin Sodium (new) 34 1 143
h231i Heavy Metals—Method II 32 1 182
h271i Readily Carbonizable Substances Test 33 6 1258
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h401i Fats and Fixed Oils—Ester Value,
Hydroxyl Value, Iodine Value, Peroxide Value,
Saponification Value, Polyunsaturated Fatty Acids
Determination and Profile (add), Trace Metals (add),
Sterol Composition (add)

34 3 736

h429i Light Diffraction Measure of Particle Size (new)—
Harmonization

31 4 1234

h467i Organic Volatile Impurities—Identification, Control,
and Quantification of Residual Solvents

34 3 747

h467i Residual Solvents—Identification, Control,
and Quantification of Residual Solvents

34 3 752

h525i Sulfur Dioxide (new) 33 3 498
h601i Aerosols, Nasal Sprays, Metered-Dose Inhalers,
and Dry Powder Inhalers—Harmonization

33 3 550

h616i Bulk Density and Tapped Density—Harmonization 31 3 909
h621i Chromatography—System Suitability, Glossary of Symbols 34 3 757
h643i Total Organic Carbon—Introduction, Apparatus
Requirements, Glassware Preparation, Standard Solution, Test
Solution, Other Control Solutions, System Suitability, Procedure

33 4 720

h645i Water Conductivity—Introduction, Instrument Specifications
and Operating Procedures

33 4 722

h661i Containers—Plastics—Introduction, Polyethylene
Containers, Polypropylene Containers

34 2 335

h671i Containers—Performance Testing—Introduction,
Moisture Permeation, Light Transmission Test

34 2 337

h699i Density of Solids (new)—Harmonization 31 3 912
h701i Disintegration—Apparatus 34 1 155
h729i Globule Size Distribution in Lipid Injectable Emulsions—
Method II—Measurement of Large Globule Content by Light
Obscuration or Extinction Method

34 2 341

h731i Loss on Drying—Introduction 34 3 760
h741i Melting Range or Temperature—Introduction,
Procedure for Class I, Apparatus I,
Procedure for Class I, Apparatus II

33 5 982

h785i Osmolality and Osmolarity—Measurement of Osmolality 34 1 157
h797i Pharmaceutical Compounding—Sterile Preparations—
Environmental Monitoring (add)

32 3 852

h811i Powder Fineness—Harmonization 31 1 228
h891i Thermal Analysis—Introduction, Transition
Temperature, Determination of Transition Temperature
(Melt Onset Temperature) and Melting Point Temperature (add),
Thermogravimetric Analysis, Hot-Stage Microscopy (add),
Eutetic Impurity Analysis

34 4 1023

h921i Water Determination—Method I (Titrimetric) 34 3 761
h941i X-Ray Diffraction (new)—Harmonization 31 4 1241

General Information Chapters
h1010i Analytical Data—Interpretation and Treatment—
Prerequisite Laboratory Practices and Principles,
Measurement Principles and Variation, Comparison of
Analytical Methods, Appendixes B, C, D, E, F

34 3 764

h1024i Bovine Serum (new) 34 3 776
h1078i Good Manufacturing Practices for Bulk Pharmaceutical
Excipients (entire chapter revised)

34 2 343

h1082i Genotoxicity Testing (new) 30 1 264
h1090i In Vivo Bioequivalence Guidances (entire chapter revised) 34 4 1028
h1116i Microbiological Evaluation of Clean Rooms and
Other Controlled Environments (entire chapter revised)

31 2 524

h1119i Near-Infrared Spectrophotometry (entire chapter revised) 33 4 737
h1121i Nomenclature—General Nomenclature Forms 34 1 159
h1125i Nucleic Acid-Based Techniques—General (new) 33 5 984
h1126i Nucleic Acid-Based Techniques—Extraction,
Detection, and Sequencing (new)

33 5 990
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

h1127i Nucleic Acid-Based Techniques—Amplification (new) 33 5 1005
h1129i Nucleic Acid-Based Techniques—Genotyping (new) 33 5 1019
h1130i Nucleic Acid-Based Techniques—Approaches
for Detecting Trace Nucleic Acids (Residual DNA Testing) (new)

33 5 984

h1160i Pharmaceutical Calculations in Prescription
Compounding—Basic Pharmaceutical Calculations

31 3 847

h1195i Significant Change Guide for Bulk Pharmaceutical
Excipients (new)

34 2 375

h1196i Pharmacopeial Harmonization—PDG Working Procedures 33 4 751
h1211i Sterilization and Sterility Assurance of Compendial Articles—
Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation

30 5 1729

h1225i Validation of Compendial Procedures—Validation 34 3 794
h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1251i Weighing on an Analytical Balance (entire chapter revised) 34 3 798
h1237i Virology Test Methods (new) 34 2 391
h1788i Particulate Matter Determination in Parenteral
and Ophthalmic Products (new)

34 2 421

Dietary Supplement Chapters
h2750i Manufacturing Practices for Dietary Supplements—
Organization and Personnel; Grounds, Buildings, and Facilities;
Equipment; Raw Materials, Product Containers, and Closures;
Production and Process Controls; Labeling and Packaging;
Quality Control Operations; Records and Reports; Returned and
Salvaged Products; Glossary

33 5 1035

Reagents, Indicators, and Solutions
Acetic Acid 33 6 1259
Acetylactone 34 3 808
Alcohol 34 2 442
Alcohol, Denatured (new) 34 3 808
8-Amino-6-methoxyquinoline (new) 34 1 162
p-Aminophenol 34 2 442
a-Amylase 34 1 162
Barium Chloride 34 2 442
Beclomethasone (new) 34 3 808
Bismuth Subnitrate (new) 34 1 162
1-Butanesulfonic Acid Sodium Salt (new) 33 4 766
Butyrophenone (new) 33 4 766
Calcium Chloride 34 3 808
Activated Charcoal 33 6 1259
Cetyltrimethylammonium Bromide (new) 33 4 766
Chloramine T 34 2 442
Diatomaceous Earth (new) 34 3 809
Diethylamine Phosphate (new) 33 4 766
Diethylene Glycol 33 6 1259
2,7-Dihydroxynaphthalene (new) 34 3 809
N,N-Dimethyldecylamine (new) 34 4 1041
Dimethyltin Dibromide (new) 34 2 442
4’4-Dipyridyl Dihydrochloride 33 5 1047
Ethylene Oxide in Methylene Chloride (50 mg/mL) (new) 31 3 859
Ethylenediamine (new) 34 2 442
Ferric Chloride 34 2 443
Ferrous Sulfate 33 6 1260
Fuchsin, Basic 33 4 766
n-Heptane, Chromatographic 33 4 767
Hexadecyltrimethylammonium Bromide (new) 33 4 767
Hexylamine (new) 33 6 1260
Hydrogen Peroxide, 30 Percent 34 2 443
Hydrogen Peroxide, 30 Percent, Unstabilized (new) 34 3 809
Hydrogen Peroxide, 50 Percent in Water (new) 34 3 809
Lead Acetate 34 2 443
Maltotriose (new) 34 3 809
7-Methoxycoumarin (new) 34 2 443
2-Methylpentane (new) 33 5 1047
Morin (new) 34 2 443
Naphthalene 33 6 1260
4-(p-Nitrobenzyl)pyridine 33 6 1260
1-Octanol (new) 32 6 1804
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Octanesulfonic Acid Sodium Salt (new) 33 4 767
Phloxine B (new) 33 6 1260
Phosphatase Enzyme, Alkaline 34 3 809
Pullulanase (new) 33 5 1047
Anion-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Cation-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Salicylaldehyde 33 6 1260
Silver Nitrate 34 3 810
Sodium Cholate Hydrate (new) 34 3 810
Sodium Phosphite Pentahydate (new) 34 1 162
Sorbitol (new) 34 3 810
Tetrabutylammonium Hydrogen Sulfate Ion Pairing Reagent (new) 34 4 1041
Tetrabutylammonium Hydroxide 30-Hydrate (new) 34 3 810
Tetrabutylammonium Hydroxide, 40 Percent in Water (delete) 34 3 810
2,3,7,8-Tetrachlorodibenzo-p-dioxin, 13C-labeled 34 3 810
2,3,7,8-Tetrachlorodibenzofuran, 13C-labeled 34 3 811
Tetrahexylammonium Hydrogen Sulfate (new) 34 1 162
Tetrahydro-2-furancarboxylic Acid 33 6 1261
Thrombin Human (new) 29 6 2055
Triethylamine Phosphate (new) 33 6 1261
Triethylenediamine (new) 34 2 443
Trimethyltin Bromide (new) 34 2 444

Test Solutions
Acetic Acid, Glacial, TS 34 3 811
Alcoholic TS (new) 34 3 811
Alkaline Cupric Citrate TS 2 (new) 34 2 444
Ammonia TS 2 (new) 34 2 444
Cupric Citrate TS 2, Alkaline (new) 33 4 768
Iodine and Potassium Iodide TS 3 (new) 34 2 444
Lanthanum Nitrate TS (new) 34 2 444
Methyl Red TS 2 (new) 34 2 445
Potasssium Pyroantimonate TS 34 3 812
Sodium Hydroxide TS 2 (new) 33 4 768

Volumetric Solutions
Bismuth Nitrate, 0.01 mol/L 34 4 1041
Iodine, Twentieth-Normal (0.05 N) (new) 33 5 1050
Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Methanol 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Toluene 33 4 769
Potassium Iodate, Twentieth-Molar (0.05 M) 34 3 813
Potassium Thiocyanate, Tenth-Normal (0.1 N) (new) 34 4 1043
Sodium Tetraphenylboron, Fiftieth-Molar (0.02 M) 34 2 447

Reference Tables
Container Specifications for Capsules and Tablets 34 4 1044
Description and Solubility 29 1 266

31 2 591
32 1 188
33 4 775
33 5 1053
33 6 1270
34 1 166
34 2 450
34 3 817
34 4 1046

Excipients
USP and NF Excipients, Listed by Category 34 4 1006

NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete),
Storage under Nonspecific Conditions (delete),
Other General Notices (delete)

34 1 119

NF Monographs
Acetone—USP Reference standards (add), Water, Assay 34 1 120
Agar—CAS number (add), Definition, Botanic characteristics,
Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

rAlbumin Human (new) 34 1 121
Alfadex—USP Reference standards, Identification, Heavy metals
Reducing sugars, Related compounds, Assay

34 1 126

Alpha-Lactalbumin (new) 34 3 670
Amino Methacrylate Copolymer—Definition, Packaging and storage,
Viscosity, Limit of monomers

34 2 326

Benzalkonium Chloride—Packaging and storage, Identification,
Acidity or alkalinity (add), Limit of foreign amines (delete),
Limit of amines and amine salts (add)

34 4 1012

Betadex—Structure (add), Packaging and storage, USP Reference
standards, Identification, Microbial limits, pH, Heavy metals,
Reducing substances, Light-absorbing impurities (add),
Related compounds (add), Assay

34 1 127

Butylated Hydroxytoluene—USP Reference standards (add),
Identification, Related compounds (add)

34 1 130

Caprylocaproyl Polyoxylglycerides—Title, Definition, Labeling,
Identification, Hydroxyl value, Saponification value, Fatty acid
composition, Water, Total ash, Heavy metals, Alkaline impurities
(add), Limit of free glycerol

34 4 1012

Carbomer 934—Title, Definition, Packaging and storage, Viscosity 34 1 131
Carbomer 934P—Title, Definition, Packaging and storage, Viscosity 34 1 132
Carbomer 940—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer 941—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer Copolymer—Definition, Labeling, Viscosity,Limit of
benzene, Limit of acrylic acid

34 1 134

Carbomer Homopolymer—Title, Definition, Labeling, Viscosity,
Residue on ignition, Limit of benzene, Limit of arylic acid

34 1 136

Carbomer Interpolymer—Definition, Labeling,Viscosity, Limit of benzene,
Limit of acrylic acid

34 1 138

Carmellose (new)—Harmonization 33 3 537
Hydrogenated Coconut Oil (new) 34 2 327
Copovidone—Harmonization 32 6 1843
Corn Syrup (new) 33 6 1240
High Fructose Corn Syrup—Total solids, Assay 34 2 329
Crospovidone—Harmonization 28 4 1257
Dehydroacetic Acid (reinstated with changes) 33 4 703
Egg Phospholipids (new) 33 4 703
Erythorbic Acid (new) 33 6 1246
Ethyl Acrylate and Methyl Methacrylate
Coplymer Dispersion—Identification

33 6 1247

Gamma Cyclodextrin (new) 33 4 707
Liquid Glucose—CAS number (add), Packaging and storage,

Labeling (add), Reference standards (add), Identification,
Assay for reducing sugars (dextrose equivalent) (add)

33 6 1248

Glyceryl Monooleate—Chemical name, Reference standards,
Identification, Saponification value

33 6 1248

Hydrogenated Palm Oil (new) 34 2 330
Hydrogenated Polydecene (new) 33 3 485
Hydroxyethyl Cellulose (new)—Harmonization 30 2 709
Low-Substituted Hydroxypropyl Cellulose—
Harmonization

30 1 338

Inositol (new) 33 4 711
Anhydrous Lactose—Harmonization 32 6 1847
Lecithin—CAS number (add), Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Acid value,
Peroxide value (add), Hexane-insoluble matter, Lead,
Heavy metals, Content of acetone-insoluble matter

33 6 1249

Lanolin Alcohols—CAS number (add), Packaging and storage, Labeling
(add), Acid value, Hydroxyl value (add), Peroxide value (add)

34 4 1014

Linoleoyl Polyoxylglycerides—Title, Definition, Labeling, Identification,
Fatty acid composition, Refractive index (delete), Water, Total ash,
Heavy metals, Alkaline impurities (add)

34 4 1015

Magnesium Stearate—Harmonization 30 1 340
Methylacrylic Acid Copolymer—Definition, Packaging and storage,
Labeling, Viscosity, Heavy metals, Limit of monomers

33 6 1251

Methylacrylic Acid Copolymer Dispersion—Packaging and storage,
Viscosity, Limit of monomers, Coagulum content

33 6 1254

Methyl Alcohol—USP Reference standards (add), Identification,
Assay

34 1 139
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Light Mineral Oil —Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add)
Viscosity, Neutrality, Acidity, Readily carbonizable substances,
Limit of polycyclic aromatic hydrocarbons, Limit of sulfur compounds,
Solid paraffin

33 5 972

Nitrogen—Definition, Packaging and storage, Assay 31 4 1145
Oleoyl Polyoxylglycerides—Title, Definition, Labeling, Identification,
Fatty acid composition, Water, Total ash, Heavy metals, Alkaline
impurities (add)

34 4 1016

Palm Oil (new) 34 4 1018
Nitrogen 97 Percent—Definition, Packaging and storage, Assay 31 4 1146
Paraffin—CAS number (add), Definition,
Labeling (add), USP Reference standards (add),
Identification, Reaction (delete), Acidity (add),
Alkalinity (add), Readily carbonizable substances, Limit of polycyclic
aromatic hydrocarbons (add), Limit of sulfur compounds (add)

33 5 972

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polyethylene Glycol—Harmonization 31 3 897
Polypropylene Glycol Monolaurate—USP Reference standards,
Identification

34 1 140

Polyvinyl Acetate (new) 32 2 400
Propylene Glycol (new)—Harmonization 33 2 317
Propylene Glycol Dicaprylate/Dicaprate (new) 33 5 974
Propylene Glycol Monolaurate—USP Reference standards, Identification 34 1 140
Pullulan (new) 33 5 975
Hydrophobic Colloidal Silica (new) 33 5 976
Silicon Dioxide (new)—Harmonization 31 4 1229
Colloidal Silicon Dioxide (new)—Harmonization 31 4 1233
Rice Starch (new)—Harmonization 30 2 721
Sucralose—Related compounds 33 6 1255
Sucrose—Harmonization 31 3 902
Stannous Chloride (new) 33 5 978
Tagatose (new) 30 5 1672
Tetrafluoroethane (new) 31 6 1672
Trehalose (new) 34 3 677
Zein—CAS number (add), Packaging and storage, Residue on ignition,
Nitrogen content (delete), Protein content (add)

34 4 1019
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 34(1)–PF 34(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
Acetazolamide Oral Solution (entire submission) 32 1 43
Baclofen Oral Solution (entire submission) 32 1 49
Cefaclor Tablets—Title 32 2 314
Diclofenac Sodium Extended-Release Tablets—Drug release

(add)
30 2 476

Estradiol Transdermal System—Drug release (add) 31 4 1063
Isosorbide Mononitrate Extended-Release Tablets—
Dissolution (add)

31 4 1082

Isosorbide Mononitrate Tablets—Dissolution (add) 29 5 1513
Labetalol Hydrochloride Oral Solution (entire submission) 32 1 116
Meclizine Hydrochloride Tablets—Assay 33 2 245
Methylphenidate Hydrochloride Tablets—USP Reference
standards, Assay

33 2 246

Ofloxacin Tablets—Dissolution (add) 32 6 1737
Oxytocin Injection—Definition 32 6 1750
Piperacillin and Tazobactam Injection (entire submission) 31 2 437
Piperacillin and Tazobactam for Injection (entire submission) 31 2 439
Protein A (entire submission)* 33 3 442
rProtein A, C-CYS (entire submission)* 33 3 444
rProtein A (entire submission)* 33 3 446
rProtein A, B4-C-CYS (entire submission)* 33 3 452
Pseudoephedrine Hydrochloride—Ordinary impurities 34 1 110
{ Sertraline Hydrochloride (entire submission) 24 6 7179
Synthetic Conjugated Estrogens (entire submission) 31 6 1620
Tazobactam—Specific rotation, Related compounds, Assay
(add)

31 4 1116

Terbinafine Hydrochloride—Identification test B
(add)

33 3 459

Valproic Acid Injection—Title change (to become official
October 1, 2008)

32 2 387

Dietary Supplements Monographs
Ademetionine Disulfate Tosylate—Related compounds,
Content of tosylate (add)

31 2 469

USP General Test Chapters
h1i Injections—Packaging 33 3 494
h11i USP Reference Standards
USP 2-(Dimethylamino-methyl)-1-cyclohexanone
Hydrochloride RS (new)

31 2 507

USP Estradiol Related Compound A RS (new) 31 6 1680
h525i Sulfur Dioxide—Method I, Method II (add) 33 3 498

USP General Information Chapters
h1251i Weighing on an Analytical Balance (entire submission) 33 4 756

Excipients
Hydrogenated Starch Hydrolysate 33 3 480

NF Monographs
Strawberry Syrup (entire submission) 32 1 179
Hydrogenated Starch Hydrolysate (entire submission) 33 3 488

{New cancellations in PF 34(5).
* Four protein A ancillary materials monographs, Protein A; rProtein A, C-CYS; rProtein A; and rProtein A, B4-C-CYSwere proposed in PF 33(3).
Since ancillary materials are not medicinal products, USP has decided to incorporate information on these types of materials in General Chapters
rather than monographs. General Chapter <130> Protein A Quality Attributes combines the information on the four protein A materials as pro-
posed in PF 33(3).

In-P
rocess

R
evision

#2008 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 34(5) [Sept.–Oct. 2008] IN-PROCESS REVISION 1337



In
-P

ro
ce

ss
R

ev
is

io
n



HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG). The PDG

consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The

process of harmonization is composed of several steps (Stages).

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each item.

The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be carried out retro-

spectively for existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of a

Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation data

where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature, experts, and

staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating pharma-

copeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as OFFI-

CIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and submits the

consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized Stage 5A

draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a

CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating

pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure. Adopted

items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular region.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an Expert Com-

mittee publishes an article on which they are specifically seeking comment, this will be clearly stated in the article. Readers may

submit comments on issues raised in this section, but comment is not as critical as that for the In-Process Revision and Pharma-

copeial Previews sections. Readers interested in submitting comments should see Instructions to Authors.
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Instructions to Authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1343
Correction: The Inhalation Ad Hoc Advisory Panel for the USP Performance Tests of Inhalation Dosage Forms, Vivian
A. Gray (Co-Chair), Anthony J. Hickey, PhD, DSc (Co-Chair), Patrick Balmer, PhD, Neal M. Davies, PhD, RPh,
Craig Dunbar, PhD, Thomas S. Foster, PharmD (Chair, Biopharmaceutics Expert Committee), Bo L. Olsson, PhD,
Masahiro Sakagami, PhD, Vinod P. Shah, PhD (Scientific Liaison), Michael J. Smurthwaite, BSc,
John M. Veranth, PhD, Kahkashan Zaidi, PhD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1344
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other commen-

taries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum

under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that they have not been

published previously in any language or medium and that they are not simultaneously under consideration by any other publica-

tion.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and if ac-

cepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of the USP Con-

vention (USPC) and may not be subsequently published elsewhere without written permission from the USPC. Authors are also

responsible for obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage (numbers, abbreviations,
etc.). For the latter, authors should use the current AMAManual of Style or the current ACS Style Guide. Authors may usefully consult a current
copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of Medicine’s

Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer examples of reference

formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding author.

This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the Scientific Liaison if they

would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the electronic file.

Submit the text in Microsoft1 Word or another current word-processing application. The preferred format for graphics submitted

electronically is tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for publication should be

addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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Correction: The Inhalation Ad Hoc Advisory Panel for the USP Performance
Tests of Inhalation Dosage Forms

Vivian A. Gray (Co-Chair), Anthony J. Hickey, PhD, DSc (Co-Chair), Patrick Balmer, PhD, Neal M. Davies, PhD, RPh, Craig Dunbar,
PhD, Thomas S. Foster, PharmD (Chair, Biopharmaceutics Expert Committee), Bo L. Olsson, PhD, Masahiro Sakagami, PhD,

Vinod P. Shah, PhD (Scientific Liaison), Michael J. Smurthwaite, BSc, John M. Veranth, PhD, and Kahkashan Zaidi, PhD
The Inhalation Ad Hoc Advisory Panel for the USP Performance Tests of Inhalation Dosage Forms

In the Stimuli article published in PF 34(4), as noted below,
Figure 3 should have printed as it appears here.

Figure 3. New Dissolution Procedure for Respirable Particles. Reprinted from (16) with permission from Elsevier.
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General Chapter on Inorganic Impurities: Heavy Metals

USP Ad Hoc Advisory Panel on Inorganic Impurities and Heavy Metals and USP Staff*

ABSTRACT In the ICH Q3A Impurities in Drug Substances guidance, impurities are classified as organic, inorganic, and
residual solvents. Within the inorganic impurities classification, the metals listed in Table 1 are important to control in food,
dietary supplements, and drug articles. Many toxic metal impurities found in pharmaceutical articles have been controlled for
years by application of the Heavy Metals test described in USP–NF General Chapter Heavy Metals h231i. However, the
procedures and the methods contained in h231i lack the sensitivity, specificity, and recovery to monitor properly the levels of
these metals. A number of additional chapters for the control of specific metals and other inorganic impurities are contained in
USP–NF. This Stimuli article proposes a new USP General Chapter for the control of inorganic impurities in drug and dietary
supplement articles intended for use in humans. For the purposes of this article, inorganic impurity, metal, and element all refer to
those elements listed in Table 1. The proposed new General Chapter recommends procedures that rely on modern analytical
technology and includes limits that are based on toxicity and exposure levels for the selected metals. The new General
Chapter also introduces a performance-based approach for the selection of the appropriate technology. This chapter is
proposed to replace h231i and may impact other General Chapters that control metals.

INTRODUCTION

Among the category of inorganic impurities, metal impuri-
ties have long been monitored in food and drug articles in-
tended for consumption by humans and other animals. For
purposes of this General Chapter, drug articles include: drug
substances and products (including natural-source and rDNA
biologics) and excipients. Dietary supplements and their in-
gredients are also included, but other foods and food ingredi-
ents will not be addressed. Some metals may pose no
significant health hazard at sufficiently low exposure levels,
when present as certain complexes, at certain oxidation states,
or in organic combinations. This chapter should be considered
a screening method to identify the presence of potentially
hazardous elements. Where speciation of an element is impor-
tant, further testing is necessary. In these cases, the monograph
will include specific instructions for appropriate identification
and control. The topic of speciation will not be covered further
in this article.

Some inorganic impurities are toxic at low levels, and these
impurities should be monitored to ensure safety. Sources of
inorganic impurities include those that are deliberately added
to the process (e.g., catalysts), those that are carried through a
process that is conducted according to good manufacturing
practices (e.g., undetected contaminants from starting materi-
als or reagents), those coming from the process (e.g., leaching
from pipes and other equipment), and those that occur natu-
rally (e.g., from naturally derived plant or mineral sources).
Regardless of source, the control of these impurities may be
certified by a vendor, but purchasers also must corroborate
the absence of impurities before using these materials in a
manufactured article.

The General Chapters Expert Committee of the USP Coun-
cil of Experts formed an Ad Hoc Advisory Panel on Inorganic
Impurities and Heavy Metals to assist the Expert Committee in
revision of General Chapter Heavy Metals h231i. As drafted
by this Ad Hoc Advisory Panel and revised by the Expert
Committee, the proposed revision specifies that the level of

each inorganic impurity should not exceed the limit defined
in Table 1 or otherwise specified in the individual monograph.
This level is determined by concomitant comparison with a
monitor solution and USP Reference Standard solution(s).

The selection of an instrumental technique and a procedure
for the evaluation of the inorganic impurities specified in Table
1 requires the evaluation of a large number of variables includ-
ing, among others, sensitivity, precision, accuracy, compatibil-
ity, time, and cost. The method selected may include plasma
spectrochemistry, atomic absorption spectroscopy, or any
other method that displays requisite accuracy (trueness and
uncertainty) and established sensitivity and specificity. Meet-
ing this requirement must be demonstrated experimentally
using the USP Reference Standard(s). Any procedure that pro-
vides measurement values within � 20% of the certified con-
centration for each element in the appropriate USP Reference
Standard(s) is considered to be an acceptable procedure to
demonstrate compliance. A guide for the selection of a proce-
dure is presented in Figure 1. When a manufacturer does not
have a preferred procedure, or when the preferred procedure
does not meet criteria for performance described above, pro-
ceed as directed in the remainder of this General Chapter.

Procedure—Determine the levels of individual inorganic im-
purities by the test, unless the individual monograph specifies
otherwise.

Reagents—All reagents used for the preparation of sample
and standard solutions should be free of inorganic impurities
in accordance with Plasma Spectrochemistry h730i. Commer-
cial, National Institute of Standards and Technology–traceable
elemental stock standards, either single element or multi-ele-
ment, containing Al, Sb, As, Be, B, Cd, Cr, Co, Cu, In, Ir, Fe,
Pb, Li, Mg, Mn, Hg, Mo, Ni, Os, Pd, Pt, Rh, Rb, Ru, Se, Sr, Tl,
Sn, W, or Zn at a recommended concentration of 100 mg/mL or
greater also are used as reagents.

* Correspondence should be sent to: Kahkashan Zaidi, PhD, Senior Scientist,
Documentary Standards Division, US Pharmacopeia, 12601 Twinbrook Park-
way, Rockville, MD 20852-1790; tel. 301.816.8269; e-mail kxz@usp.org.

STIMULI TO THE REVISION PROCESS
Pharmacopeial Forum Stimuli articles do not necessarily reflect the policies

Vol. 34(5) [Sept.–Oct. 2008] of the USPC or the USP Council of Experts 1345

#2008 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

S
tim

uli
to

the
R

evision
P

rocess



Performance-based USP Reference Standards—
USP Inorganic Impurities Class 1 Reference Standard for

test articles soluble in aqueous solutions.
USP Inorganic Impurities Class 2 Reference Standard for

test articles soluble in organic solvents.
USP Inorganic Impurities Class 3 Reference Standard for

closed-vessel microwave digestions.

Equipment—One of the following plasma spectrometers is
required for an analyst to perform this multi-element analysis:

1. Inductively coupled plasma–atomic (optical) emission
spectrometer.
2. Inductively coupled plasma–mass spectrometer.

In addition, a closed-vessel microwave digestion system
may be required for the preparation of test materials (see Fig-
ure 1).

METHOD

Sample Preparation
Determine the means of sample preparation using the flow

chart in Figure 1. The sample preparation scheme should pro-
vide sufficient sample loading to allow quantification of each
element at the specified limit stated in the corresponding
monograph or as stated in Table 1. For closed-vessel micro-
wave digestions follow the manufacturer’s recommended pro-
cedures to ensure safe usage. Use utmost caution if
concentrated hydrofluoric acid (HF) is used for the preparation
of test articles, and review or establish local procedures for
safe handling, safe disposal, and HF-tolerant instrumental con-
figurations. [NOTE—The specific details of the Sample prepa-

ration have not been included in this Stimuli article but have
been developed by the Ad Hoc Advisory Panel. The decision
to exclude the specific method details from the Stimuli article
is based on the desire of the Ad Hoc Advisory Panel to receive
feedback on the concepts proposed herein rather than on the
specific method. Based on the feedback received, these details
may be included in future chapter development.]

System Suitability Criteria—

Method reporting limit
The method reporting limit (MRL) is defined as the lowest

element concentration of a solution prepared in the working
calibration standard matrix that can be experimentally deter-
mined to within � 30% of the prepared concentration. The
sensitivity criterion for the method is that the MRL is 0.5 �
the USP limit for each applicable element.

Recovery
The suitability of the sample preparation scheme must be

demonstrated by preparation and analysis of a suitable USP
Reference Standard and by spike recovery measurements of
the specific test article according to h730i. The spiked test ar-
ticle solution will be referred to as aMonitor solution. The ex-
perimental concentration results shall be � 20% of the
certified concentration for each required element in the analy-
sis. The spike recovery results for the Monitor solution must
be � 20% of the spike concentration for each element. Analy-
sis of a suitable USP Reference Standard shall be included
with the analyses of test articles and must be within � 20%
of the certified concentration for each required element for
the results to be considered acceptable.

Figure 1. Inorganic impurity decision tree.
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Calibration
Prepare calibration standards in the same solution as used

for preparation of the test articles. Analysts are encouraged to
use internal standards according to h730i for preparation of
test article and calibration standard solutions. Prepare 4 work-
ing standards plus a blank at element concentrations encom-
passing the required USP limits for the test article, the USP
Reference Standard, and the Monitor solution. Standard curve
acceptance criteria must be met according to h730i. If the con-
centration of an element in the test article solution is deter-
mined to be greater than 110% of the highest calibration
standard concentration, the test article solution should be ap-
propriately diluted within the range of the standard curve and
then re-analyzed.

Drift
To monitor instrument drift, analyze a working standard

solution at an intermediate concentration of each element im-
mediately following standardization, following the final test
solution, and during the analysis at a frequency of one working
standard solution analysis per not more than 10 sample
analyses during the analytical run. The check standard results
should agree to within � 30% of the prepared concentration
for each element. Reanalyze element results for test article so-
lutions that are not bracketed with results within the tolerance
for the check standard.

Analysis [NOTE—The specific details of the methods have not
been included in this Stimuli article but have been developed
by the Ad Hoc Advisory Panel. The decision to exclude the
specific method details from the Stimuli article is based on
the desire of the Ad Hoc Advisory Panel to receive feedback
on the concepts proposed herein rather than on the specific
method. Based on the feedback received, these details may
be included in future chapter development.]

Calculations and Reporting—
Upon completion of the analysis, calculate the final concen-

tration of a given element in the test article in mg/g from the
solution element concentration in mg/mL as follows:

C = [(A � V1)/W] � (V2 /V3)

where:

C = concentration of analyte in mg/g,
A = instrument reading in mg/mL,
V1 = volume of initial test article preparation,
W = weight of test article preparation in g,
V2 = total volume of any dilution performed in mL, and
V3 = aliquot of initial test article preparation used in any
dilution performed in mL.

Similarly, calculate the final concentration of a given ele-
ment in the test article in mg/g from the solution element con-
centration in ng/mL as follows:

C = [(A � V1)/W] �(1 mg/1000 ng)(V2 /V3)

where:
C = concentration of analyte in mg/g,
A = instrument reading in ng/mL,
V1 = volume of initial test article preparation,
W = weight of test article preparation in g,
V2 = total volume of any dilution performed in mL, and
V3 = aliquot of initial test article preparation used in any
dilution performed in mL.

Calculate the results for each analyte, and compare the val-
ues obtained for the test article to those provided in Table 1.
The results should not exceed the values in the table.

CONCLUSION

The USP Ad Hoc Advisory Panel on Inorganic Impurities
and Heavy Metals invites comments on the recommendations
regarding the use of appropriate analytical instrumentation
with limits that are based on toxicity and exposure levels for
the metals and the new approach for the determination of an
appropriate analytical procedure by the application of USP
Reference Standards described in this Stimuli article. Please
send detailed comments to: Kahkashan Zaidi, PhD, Senior
Scientist, Documentary Standards Division, US Pharmaco-
peia, 12601 Twinbrook Parkway, Rockville, MD 20852-
1790; tel. 301.816.8269; e-mail kxz@usp.org.
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Table 1. Element limits for oral and parenteral materials. [NOTE—The contents of this table represent a first approxi-
mation by members of the Ad Hoc Advisory Panel and are under active discussion internationally.]a

Element

Oral Permitted
Daily Exposure for Dosage

Forms, mg/day USP Oral Limit, mg/g USP Parenteral Limit, mg/g
Aluminum (Al) 50,000 5000 500
Antimony (Sb) 20 2 0.2
Arsenic (As) 15 1.5 0.15
Beryllium (Be) 100 10 1
Boron (B) 10,000 1000 100
Cadmium (Cd) 25 2.5 0.25
Chromium (Cr) 150 15 1.5
Cobalt (Co) 1000 100 10
Copper (Cu) 500 50 5
Indium (In) 100 10 1
Iridium (Ir) 100 10 1
Iron (Fe) 15,000 1500 150
Lead (Pb) 10b 1 0.1
Lithium (Li) 600 60 6
Magnesium (Mg) c c c

Manganese (Mn) 7000 700 70
Mercury (Hg) 15 1.5 0.15
Molybdenum (Mo) 250 25 2.5
Nickel (Ni) 1000 100 10
Osmium (Os) 100 10 1
Palladium (Pd) 100 10 1
Platinum (Pt) 100 10 1
Rhodium (Rh) 100 10 1
Rubidium (Rb) c c c

Ruthenium (Ru) 100 10 1
Selenium (Se) 250 25 2.5
Strontium (Sr) 30,000 3000 300
Thallium (Tl) 4 0.4 0.04
Tin (Sn) 30,000 3000 300
Tungsten (W) 375 37.5 3.8
Zinc (Zn) 15,000 1500 150
a Some of the limits in this table were calculated using the criteria given in the EMEA Guideline on the Specification Limits for
Residues of Metal Catalysts, available at: http://www.emea.europa.eu/pdfs/human/swp/444600.pdf, accessed 25 March 2008.
b Limit for lead calculated from the FDA limit for bottled drinking water: 5 mg/L assuming consumption of 2 L/day.
c Under deliberation.
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The Cadaver Skin Absorption Model and the Drug Development Process*

Thomas J. Franz, MS, MD, Paul A. Lehman, MS, Sam G. Raney, PhD, PRACS Institute, Ltd.–Cetero Research

ABSTRACT Drug absorption through the skin can be assessed simply by the use of in vitro mounted human cadaver skin, and the
method has been extensively utilized by industry in the development of topical and transdermal drugs. Although the Food and
Drug Administration has not formally accepted this approach, examination of various applications of the technique during the past
40 years demonstrates its value as a valid surrogate for in vivo measurements of bioavailability and bioequivalence. Newer data,
in particular, reveal the sensitivity of the model and recommend its wider use in all phases of the drug development process.

INTRODUCTION

A crucial element in the development of topical and trans-
dermal drug products is evaluation of the percutaneous ab-
sorption of the active pharmaceutical ingredient (API).
Generally, the goal for topical products is to maximize cuta-
neous delivery of the API, whereas for transdermal products
the goal is to achieve a specific rate of absorption sufficient
to achieve a systemic blood level within the therapeutic range
for its intended indication. In either situation success depends
on identifying the optimum formulation from a large number
of prototypes—an onerous task for most therapeutic classes if
screening must be conducted in human subjects. Only the
topical glucocorticoid products are unique because a pharma-
codynamic endpoint (vasoconstriction) exists by which their
percutaneous absorption can be relatively easily assessed in
human subjects (1, 2).

To circumvent the need for time-consuming and expensive
human pharmacokinetic studies as a screening mechanism for
formulation optimization and to allow formulation develop-
ment to proceed during the preclinical phase of drug develop-
ment (without the need for animal safety data and submission
of an investigational new drug application), pharmaceutical
scientists have made extensive use of a simple in vitro model
that relies on excised human skin mounted in diffusion cham-
bers (3–6). The basis of the model is the fact that the barrier
properties of skin are preserved after death, and, as a result, the
rate of drug absorption measured in vitro accurately mimics
the in vivo state. Although much of these data reside only in
corporate archives, sufficient data can be found in the literature
published during the past four decades to clearly illustrate the
utility, versatility, and power of the model. What is puzzling,
however, is that the Food and Drug Administration (FDA) has
not made greater use of data generated by this highly relevant
model in their evaluation of new drug applications (NDAs)
and abbreviated new drug applications (ANDAs). In the past
although some reviewers have requested cadaver skin data in
order to address specific review issues, others have claimed
the model is not generally accepted and have suggested that
data derived from the model, although supplemental, serve
no pivotal purpose in the review process. The latter argument
seems incongruous given the vital role the cadaver skin model
plays within sponsor companies in the development of the
products under review. Tacit acceptance of the method by in-
dustry based on successful transfer of products from labora-

tory to market argues strongly for the validity of the model.
The purpose of this Stimuli article is to examine the utility
of the cadaver skin model at various points within the drug
development process.

PRECLINICAL PHASE—TOPICAL DRUG
PRODUCTS

Formulation Development

The first important class of topical therapeutic agents that
had a major impact on dermatologic practice was the glucocor-
ticoids, many of which were introduced in the 1950s and
1960s (7, 8). At this time use of in vitro–mounted human skin
to study percutaneous absorption was just evolving, and the
model had not been applied to drug development. Similarly
the importance of the vehicle in drug delivery was not well
understood, and products that contained various strengths of
the same API (e.g., 0.025%, 0.1%, or 0.5% triamcinolone ace-
tonide, and 1.0% or 2.5% hydrocortisone) were marketed with
the mistaken belief that increased concentration would lead to
increased efficacy. Years later, after the human vasoconstrictor
(VC) assay was developed, the different product strengths for
both triamcinolone acetonide and hydrocortisone were shown
to be of equal potency (9).

Rational vehicle design came a decade later and is
illustrated by the work done at Syntex Laboratories during
the development of the first high-potency glucocorticoid, fluo-
cinonide (10). The work established not only the importance
of drug concentration in the vehicle, specifically soluble drug
concentration, but also the ability of the drug to leave the ve-
hicle and enter the stratum corneum (partitioning). Of
particular interest is the fact that an integral part of the drug
development scheme was the use of the cadaver skin model
as a means to validate the theoretical considerations and chem-
istry involved in the formulation process. For the first time for-
mulation scientists demonstrated the pivotal role of the
cadaver skin model as an intermediate step between chemistry
and clinic. Subsequently, this format has become the blueprint
for the development of other glucocorticoid preparations as
well as topical formulations, in general (11, 12).

* Correspondence should be addressed to: Vinod P. Shah, PhD, Consultant,
Documentary Standards Division, US Pharmacopeia, 12601 Twinbrook Park-
way, Rockville, MD 20852-1790; tel. 301.816.8208; e-mail vps@usp.org.
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Line Extensions and Enhanced Formulations

Because both clinical and marketing requirements often dic-
tate the need for different forms of the same topical drug (e.g.,
cream, ointment, gel, solution, lotion, or foam), the situation
created by line extensions plainly exemplifies the worth of the
cadaver skin model. Development of the first product sets a
benchmark for the interrelationship of drug absorption, effi-
cacy, and toxicity by virtue of the animal and human safety
and efficacy testing that preceded product approval. If the
bioavailability of each successive product approximates that
of the first product, one can be assured that the efficacy and
systemic safety profile of the new products also will approx-
imate that of the first. Direct comparison of potential new for-
mulations with the original formulation in the cadaver skin
model can help establish the bioavailability relationship be-
tween the two. There should be no need for additional long-
term animal tests if the bioavailability of the new product does
not lead to systemic exposure that falls outside of the boundary
established as safe for the first product. Nor should there be

need for an animal/human pharmacokinetic bridging study
to establish the relationship between new and old formulation
because the bridge can be established in vitro.

Alternatively, formulators may develop a new topical for-
mulation of an old drug with the specific objectives of en-
hanced bioavailability and increased efficacy. Because the
original formulation can serve as a benchmark for comparative
in vitro bioavailability studies of the ‘‘improved’’ formula-
tions, use of the cadaver skin model can increase the likeli-
hood of clinical success before the company initiates the
pivotal clinical trial. A case in point is the development of
Luxiq Foam, a new delivery form (a low-residue, thermolabile
foam) of an old drug, betamethasone valerate (13). Com-
parison of the new foam formulation with a traditional lotion
formulation of the drug in the cadaver skin model demon-
strated a three-fold increase in absorption from the foam in
the first 12 h. When the two products were tested clinically,
the foam product showed 50% improvement in the treatment
of scalp psoriasis, affirming the validity of the in vitro results
(Figure 1).

Figure 1. A: Rate of absorption of betamethasone valerate through human cadaver skin from Luxiq Foam versus the reference listed drug. The

drug concentration in both products was 0.12% when expressed as betamethasone valerate. B: Results from a 28-day clinical trial of the same

two products used in the treatment of scalp psoriasis, showing the percentage of subjects judged to be clear or almost clear (Investigator’s Global

Assessment of Efficacy) at end of treatment. (Redrawn from data of reference 13.)

PRECLINICAL PHASE—TRANSDERMAL DRUG
PRODUCTS

The development of transdermal products is similar to that
of topical products insofar as the rate of percutaneous absorp-
tion of the API is a critical factor, and its measurement in vitro
through cadaver skin plays a dominant role in early develop-
ment. Data about the adequacy of the flux for systemic deliv-
ery, or the need to search for an enhancer, can be obtained
quickly. A clear illustration of the importance of the cadaver
skin model in this process was evident during the development

by Alza Corp. of the first transdermal system, scopolamine
(Transderm-Scop) (Figure 2): ‘‘Our conclusions from these
studies are that if one follows the permeation of drugs through
human skin in vitro, one can measure the permeability of the
skin, the maximum transdermal flux, the extent of binding by
the skin tissue, and the factors which affect the percutaneous
absorption and transport. The results obtained with scopol-
amine and ephedrine concerning transdermal permeation in vi-
tro accurately predicted the situation which pertains in vivo’’
(14).
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Figure 2. Comparison of the rate of absorption of scopolamine from the transdermal system measured in vitro in the cadaver skin model and in

vivo in human subjects. The in vivo rate was determined by measuring scopolamine loss from the patch. (Redrawn from data of reference 14.)

Support for the validity of the Alza conclusion and demon-
stration of the excellent agreement between in vitro and in
vivo data are illustrated in the development by TheraTech
Inc. of transdermal testosterone (Androderm) and estradiol

(Alora) (15). When expressed as average cumulative absorp-
tion, the rate of absorption profiles obtained in vitro were vir-
tually identical to those subsequently obtained in vivo (Figure
3).

Figure 3. Cumulative absorption of testosterone and estradiol from transdermal systems determined in vitro (&) in the cadaver skin model and in

vivo (O) in human subjects. In vivo absorption was determined by measuring drug loss from the patch. The estradiol system is intended for

twice-weekly use, and data were collected to 96 h. Differences between the in vitro and in vivo data occurred in the last 48 h (in vitro > in vivo)

but were readily explainable by the conditions of the experiment in which the area available for diffusion in vitro was only 67% of the total patch

area. This led to a lower rate of drug depletion in vitro than in vivo because part of the patch was not in contact with the skin. (Redrawn from data

of reference 15.)

PHASES I–III

Although the most frequent use of the cadaver skin model
takes place during the preclinical phase of drug development,
an obvious outcome of that work is establishment of a bench-
mark for the bioavailability of the specific formulation(s) that
will enter toxicological and clinical evaluation. A confounding
factor during many topical drug development programs is that
changes are made to the initial formulation as development

progresses, raising the possibility that bioavailability also
may change. This of course raises questions about the ade-
quacy of the clinical and toxicology studies at the time of
NDA submission. Clearly, however, this is a situation in which
a direct comparison of the to-be-marketed product with the in-
itial formulation in the cadaver skin model could easily ad-
dress this issue in a timely and cost-effective manner in lieu
of an animal or human pharmacokinetic bridging study or
the need to repeat long-term animal tests.
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This problem is exemplified by a relatively recently ap-
proved topical drug product, eflornithine (Vaniqa) (16). Devel-
opment of the drug began at Gillette Medical Evaluation
Laboratories, then moved to Bristol-Myers Squibb. Through-
out development a number of formulations were tested, and
even the manufacturing process changed when the product
moved from one company to the other. To check on the rela-
tive bioavailability of the product following various formula-
tion and manufacturing process changes, formulators
conducted a series of in vitro permeation studies. The last
study, done just prior to initiation of the Phase III trials, as-
sessed product made by three different processes to verify that
the bioavailability of product made by the new manufacturing
process—the most efficient process—was not inferior to that
of the other two (Table 1). The data demonstrated equivalent
drug delivery for all three processes and confirmed that the ex-
pected clinical results from the pivotal Phase III trials should
be equivalent to results seen in earlier trials. If not, at least the
bioavailability of the formulation could not be questioned.

Table 1. Eflornithine absorption through human cadaver
skin from three batches of product, each manufactured by

a different process.*

Mfg Process #1 Mfg Process #2 Mfg Process #3

0.11 � 0.05 0.14 � 0.09 0.12 � 0.04
* Average data (� standard error of the mean) are expressed as
% dose absorbed at 48 h (n = 24 skin sections/product). Dif-
ferences between products were not statistically significant by
paired t-test (p < 0.05).

Because this and the prior examples cited demonstrate not
only the utility of the cadaver skin model but also the reliabil-
ity and sensitivity of the data provided, it can be argued that
this is the best method by which to assess the relative bioavail-
ability of topical formulations throughout the entire drug de-
velopment process. Even after the preclinical phase of drug
development and the reformulation that commonly occurs as
development progresses, use of the model can extend through
scale-up and postapproval changes. A consensus statement of
a workshop jointly sponsored by the American Association of
Pharmaceutical Scientists (AAPS), FDA, and USP stated that
‘‘diffusion cell measurements’’ may be useful as part of a
multi-tiered approach to justify major changes in a formulation
and to avoid the need for additional clinical evaluation (17).
The authors believe that sufficient data now exist to support

use of the cadaver skin model as the essential, if not the sole,
test for documenting the equivalent bioavailability of a succes-
sion of related formulations.

An obligatory element in the formal acceptance of this mod-
el for regulatory purposes will be the establishment of a stan-
dardized methodology, as has been done in Europe (18).
Measurement of a drug’s permeation in vitro requires that a
number of diverse variables be adequately controlled, and
for those new to the field the model can at first appear complex
and difficult to use. Highly variable data sporadically are ob-
tained, which adds to concern about the reliability of the mod-
el. Development of a guidance document might help resolve
these critical issues.

GENERIC DRUG DEVELOPMENT

Reverse Engineering

Use of the cadaver skin model in the development of gen-
eric topical products is a logical extension of the rationale un-
derlying its use in the development of innovator products. In
one approach multiple formulations are tested to determine
which one supports the greatest bioavailability, and in another
approach multiple formulations are tested to determine which
one most closely matches the reference listed drug (RLD). The
importance of establishing the degree of concordance between
test and reference products before the company conducts the
pivotal bioequivalence study cannot be overemphasized be-
cause clinical trials are the basis for approval of most generic
dermatologics, and the cost of failure is high.

A case in point is a problem encountered by one company
during development of an antifungal cream. The company en-
countered analytical difficulties when it attempted to deter-
mine the exact concentrations of two co-solvents in the
innovator product. To circumvent the problem the company’s
formulators made three best-guess formulations in which they
varied the concentration of the co-solvents and determined the
relative bioavailability of the API from each using the cadaver
skin model (Figure 4A). None of these three formulations
matched the RLD, but the data narrowed the possibilities
and guided the formulators as they made and tested three more
formulations (Figure 4B). This time one of the test formula-
tions demonstrated comparable bioavailability, and it was sub-
sequently shown by clinical trial to be bioequivalent to the
RLD (data on file, PRACS-Cetero).
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Figure 4. Screening of test formulations of ketoconazole in the cadaver skin model to determine which best matches the RLD (Nizoral). A.

Ketoconazole bioavailability in the first three formulations tested failed to match the innovator product. B. Ketoconazole bioavailability from

one of second batch of three test formulations closely approximated the RLD. (Data on file, PRACS-Cetero.)

A somewhat different situation that also illustrates the
utility and power of the cadaver skin model in the develop-
ment of generic drugs occurred during the elaboration of a to-
pical corticosteroid product. Because proof of bioequivalence
relies on pharmacodynamic assay rather than clinical trial, the
test formulation was run against the RLD in the VC assay. In
three sequential VC studies the test formulation failed to de-
monstrate bioequivalence to each of three separate lots of the
reference product. Surprisingly, the single test formulation
was low in two studies but high in the third.

These unusual results apparently were explained by a com-
parison of the API’s bioavailability from multiple lots of ref-
erence product (different from the lots used in the VC study) in

the cadaver skin model (Table 2). Two different lots of test ma-
terial gave virtually identical results. However, one lot of the
reference material was not equivalent to the other two. The in-
ability to demonstrate bioequivalence in the prior VC studies
may have been caused by variability of the RLD (data on file,
PRACS-Cetero). This also demonstrates that the human
cadaver skin model can be used to preselect test and reference
lots whose in vitro bioavailability are most similar and, in ef-
fect, increase the likelihood of success in the pivotal BE study.
This will be discussed further in the next section.
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Table 2. Total absorption of diflorasone diacetate through human cadaver skin at 48 h
(mean � standard error of the mean). Both lots of test material were equivalent

to RLD lot #3 but not to RLD lots #1 or #2. (Data on file, PRACS-Cetero.)

Generic #1 Generic #2 RLD #1 RLD #2 RLD #3

Ng Absorbed 198.7 � 47.3 194.7 � 59.9 111.4 � 26.7 117.6 � 11.1 172.9 � 32.5

Bioequivalence

The prior examples illustrating the advantage of the cadaver
skin model in generic drug development raise a question about
its potential use as a bioequivalence testing method. Indeed,
this has been a subject of discussion in the past at meetings
jointly sponsored by AAPS and FDA (19, 20). Although in-
sufficient data were available at that time to make a compelling
argument for its use as a bioequivalence test method, and reg-
ulatory interest in other bioequivalence methods has subse-
quently sidetracked further consideration, new data continue
to emerge and strongly support use of the cadaver skin model
as a bioequivalencer method.

As became evident a number of years ago during discus-
sions of the use of stratum corneum tape stripping (DPK) as
a potential bioequivalence method (21), several critical hur-
dles must be overcome before FDA will accept any surrogate
bioequivalence method: (A) the test system must be able to
show that products proven to be bioequivalent by FDA-
approved methods (e.g., clinical trial or VC assay) are equiva-
lent in the model, and (B) the test system must be able to show
that products proven not to be bioequivalent by FDA-ap-
proved methods also are not equivalent in the model. Meeting
the first of the two criteria can be achieved because many bioe-
quivalent topical products are available to test; the second cri-
terion is problematic because finding bioinequivalent products
is difficult. However, because the primary purpose of the latter
requirement is to demonstrate sufficient sensitivity of the

method to differentiate small differences between similar
products, clinical trial results are not necessarily the only, or
even the best, yardstick to use. Two examples illustrate the
ability of the cadaver skin model to meet these two critical cri-
teria.

Two AB-rated generic tretinoin gels, 0.01% and 0.025%
(Spear Pharmaceuticals) were approved on the basis of clinical
trials in subjects with acne vulgaris. These same two generic
products were also compared to the RLDs (Retin-A, Johnson
& Johnson) in the cadaver skin model and were found to be
bioequivalent (22). In the model system all four products were
tested side-by-side in the same donor skins, making it possible
not only to demonstrate equivalence within strengths but also
to demonstrate inequivalence between strengths, an internal
validation of the sensitivity of the method (Table 3). Unfortu-
nately, the clinical trials of the same four products were con-
ducted as separate trials, low strength versus low strength and
high strength versus high strength, which made it impossible
clinically to corroborate bioinequivalence. However, more
than 30 years of clinical experience has taught physicians that
the two strengths are not equivalent in at least one important
aspect, local irritation, a highly significant adverse reaction
that was noted during the initial clinical trials of the original
Retin-A products and continues to be an issue with topical
tretinoin use (23, 24).

Table 3. Tretinoin absorption measured in the cadaver skin model from Spear Tretinoin Gel 0.01% and 0.025% versus
Retin-A Gel 0.01% and 0.025%. The primary pharmacokinetic parameters calculated were: (A) total absorption at 48 h
(Total Abs, ng), (B) maximum rate of absorption (Fmax, ng/cm2/h), and (C) time when maximum rate of absorption oc-
curred (Tmax, hr). The primary analysis was based on natural log-transformed data. The estimated error standard de-
viation was used to compute the 90% confidence intervals (CI) for the ratios of the means (Test/Reference) of the listed

parameters (19).

Test Reference Test/Reference 90% CI

0.01% Tretinoin Gel

Total Abs 2.9961 2.9742 1.02266 97.07, 107.46
Fmax 0.5492 0.5716 1.03789 92.53, 115.05
Tmax 3.5957 3.5726 1.04300 92.23, 116.37

0.025% Tretinoin Gel

Total Abs 3.4921 3.4709 1.02798 95.14, 110.45
Fmax 0.9058 0.8840 1.11481 95.08, 127.88
Tmax 3.6642 3.7248 0.98389 97.26, 99.52

A second example that demonstrates the utility of the
cadaver skin model as a surrogate bioequivalence test comes
from the therapeutic class that contains the largest number of
generic topical drugs, the glucocorticoids. Five approved gen-
eric products were evaluated in the model during their devel-
opment stage and were compared to the corresponding

reference products (data on file, PRACS-Cetero). The lots of
test and reference product evaluated in vitro, with one excep-
tion, were the same lots subsequently evaluated in the pivotal
human vasoconstrictor study leading to ANDA approval.
Thus, these data offer a unique opportunity to examine in vi-
tro/in vivo correlation (Table 4).
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Four of the five approved generic products were found to be
equivalent to their corresponding reference standard in the ca-
daver skin model, in agreement with the VC data. However,
one product, mometasone furoate ointment, was not found
to be equivalent. Though the result may at first appear to de-
monstrate a failure of the model, the data are actually an indi-
cation of the greater sensitivity of the cadaver skin model
relative to the VC assay. This is plainly illustrated by com-
parison of the VC scores and absorption data for the alclome-

tasone cream and ointment products. The two products are
virtually identical by VC assay, but the cadaver skin model de-
monstrates a >15-fold difference in bioavailability of the API
from the ointment product. A similar trend is seen with halo-
betasol cream and ointment. Although the VC scores of oint-
ment and cream are very similar, a two-fold difference in
bioavailability is found in the cadaver skin model.

Table 4. Total absorption (ng/48 h) of API (halobetasol propionate, alclometasone dipropionate, or mometasone furoate)
measured in the cadaver skin model and the same products tested in the VC assay (area under the blanching curve).
Identical lots of test and reference products were used in both the cadaver skin and VC assays, with the exception of

halobetasol propionate cream. The VC data shown are from the pivotal trials that resulted in ANDA approval. (Data on
file, PRACS-Cetero.)

Total Absorption VC Response

Test Reference Test/Reference Test Reference Test/Reference

Halobetasol Cream 110.4 96.9* 1.14 33.1 30.7 1.08
Halobetasol 246.7 256.4 0.96 28.6 28.5 1.00
Ointment
Alclometasone Cream 4.53 4.39 1.03 18.5 16.8 1.10
Alclometasone Ointment 67.0 70.0 0.96 16.0 17.4 0.92
Mometasone Ointment 213.4 338.7 0.63 13.7 12.3 1.11
* Average of 3 reference lots.

SUMMARY

The human cadaver skin model is a powerful and sensitive
tool by which to accurately quantitate a drug’s rate of percu-
taneous absorption, and it has application within multiple
areas of the drug development process. The area of greatest
application historically has been preclinical development,
where it is used principally to screen and select the optimum
formulation for further development. However, as new data
continue to emerge to support the validity of the model as a
surrogate for in vivo measurements of bioavailability and
bioequivalence, its application within other phases of the drug
development process have become evident. These include: (A)
reformulation during Phases I–III, (B) development of line ex-
tensions and products with enhanced delivery, (C) scale-up
and postapproval changes, (D) generic drug development,
and (E) use as a surrogate for bioequivalence. Greater recog-
nitions by FDA of its standing as a scientifically sound test
method and acceptance of its use as a valid surrogate for more
costly and time-consuming human/animal tests would help to
simplify the development of both new and generic topical/
transdermal drug products.
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that incor-

porate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Proposed and Rec-

ommended International Nonproprietary Names (INN) when they have been announced by the World Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how

nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomenclature issues that

also occasionally report on related matters pertaining to USAN and INN.
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CHROMATOGRAPHIC REAGENTS
USED IN USP–NF AND

PHARMACOPEIAL FORUM

This is an update based on the proposals published in this issue of PF.
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Chromatographic Reagents Used in USP-NF and
Pharmacopeial Forum

Sept.–Oct. 2008

ACETAMINOPHEN AND TRAMADOL HYDROCHLORIDE TABLETS (DSD Mgh #607)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 Symmetry C8 Dissolution 4.6 mm 6 15 cm, 5 mm. Manufacturer: Waters Corp.
34(5) L11 ZORBAX Eclipse

XDB Phenyl
Assay and Related com-

pounds
4.6 mm 6 15 cm, 5 mm. Manufacturer: Agilent Technolo-

gies

ANAGRELIDE CAPSULES (DSD Mgh #4643)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 Prodigy C8 Dissolution 4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex
0(0) L11 Synergi Polar-RP Related compounds 4.6 mm 6 15 cm, 4 mm. Manufacturer: Phenomenex

CEFDITOREN PIVOXIL (DSD Mgh #3587)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 YMC-Pack ODS-
AM

Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: YMC Co. Ltd.

DIVALPROEX SODIUM EXTENDED-RELEASE TABLETS (DSD Mgh #826)
PF LGS# Reagent Brand Type of Test Comments

34(6) L11 Nova-Pak Phenyl Assay & Identity 3.9 mm 6 15 cm, 4 mm Manufacturer: Waters Corp
34(6) L11 Nova-Pak Phenyl Assay and Identification 3.9 mm 6 15 cm, 4 mm. Manufacturer: Waters Corp

ENOXAPARIN SODIUM (DSD Mgh #29290)
PF LGS# Reagent Brand Type of Test Comments

0(0) L64 AG 1-X8 Molar ratio of sulfate to
carboxylate

Column in series with an L65. 1.5 cm 6 2.5 cm. Manu-
facturer: BioRad Labs

0(0) L65 AG 50W-X2 Molar ratio of sulfate to
carboxylate

Column in series with an L64. 1.5 cm 6 7.5 cm. Manu-
facturer: BioRad Labs

0(0) L59 TSKgel G3000SW Identification Molecular weight distribuition and weight-average molec-
ular weight. Analytical column. 7.8 mm 6 30 cm. Manu-

facturer: Tosoh Bioscience
0(0) L59 TSKgel Guard Col-

umn for 7.5 mm SW
Identification Molecular weight distribution and weight-average molecular

weight. Guard column, 6 mm6 4 cm. Manufacturer: Tosoh
Bioscience

0(0) L7 Nucleosil C8 Content of . . . . . . . . Content of benzyl alcohol. 4.6 mm 6 15 cm. Alternative
column Symmetry C8. Manufacturer Waters. Manufacturer:

Macherey-Nagel

GRANISETRON HYDROCHLORIDE ORAL SUSPENSION (DSD Mgh #3227)
PF LGS# Reagent Brand Type of Test Comments

0(0) L10 Nucleosil CN Assay 4.6 mm 6 15 cm. Manufacturer: Macherey-Nagel

LAMIVUDINE AND STAVUDINE TABLETS (DSD Mgh #2746)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Inertsil ODS-2 Assay and Dissolution 4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences
34(6) L1 Inertsil ODS-3 Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences
34(6) L1 Inertsil ODS-3 Related compounds 4.6 mm 6 25 cm, 5 mm Manufacturer: GL Sciences
34(6) L1 Inertsil ODS-2 Assay and Dissolution 4.6 mm 6 15 cm, 5 mm Manufacturer: GL Sciences

LEFLUNOMIDE (DSD Mgh #44450)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Symmetry C-18 Assay, Chromatographic
purity and Limit of ......

Limit of leflunomide related compound A. 4 mm 6 12.5
cm. Manufacturer: Waters Corp.
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NATEGLINIDE (DSD Mgh #2883)
PF LGS# Reagent Brand Type of Test Comments

34(6) L7 Symmetry C8 Limit of . . . . . . . . . Limit of nateglinide related compound A and other impuri-
ties. 3.9 mm 6 5 cm, 5 mm. Manufacturer: Waters Corp.

OLANZAPINE TABLETS (DSD Mgh #2645)
PF LGS# Reagent Brand Type of Test Comments

34(6) L7 ZORBAX RX-C8 Assay and Related com-
pounds

4.6 mm6 25 cm, 5 mm. Alternative column Zorbax SB C8.
Manufacturer: Agilent Technologies

OLOPATADINE HYDROCHLORIDE (DSD Mgh #3311)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Ultracarb C18 Assay and Related com-
pounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex

OLOPATADINE HYDROCHLORIDE OPHTHALMIC SOLUTION (DSD Mgh #3312)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Ultracarb C18 Assay and Related com-
pounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex

OXALIPLATIN FOR INJECTION (DSD Mgh #1428)
PF LGS# Reagent Brand Type of Test Comments

33(5) L1 Hypersil C18 Limit of . . . . . . . . . Limit of related compound C and unknown impurities. 4.6
mm 6 25 cm, 5 mm. Manufacturer: Thermo Electron

34(5) L1 Hypersil BDS C-18 Limit of . . . . . . . . . Limit of oxalic acid. 4.6 mm6 25 cm, 5 mm. Manufacturer:
Thermo Scientific

34(5) L1 Hypersil BDS C-18 Limit of . . . . . . . . . Limit of (S.P-4-2)-diaqual[(1R,2R)-cyclohexane-1,2-dia-
mine-N, N’]platinum. 4.6 mm 6 25 cm, 5 mm. Manufac-

turer: Thermo Scientific

OXCARBAZEPINE TABLETS (DSD Mgh #59244)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Hypersil BDS C-18 Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Thermo Scientific

PRAVASTATIN SODIUM TABLETS (DSD Mgh #68368)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 Zorbax SB-C18 Related compounds 4.6 mm 6 7.5 cm, 3.5 mm. Alternative column: Hypersil
ODS, 4.0 mm 6 10 cm, 3 mm. Manufacturer: Thermo

Electron. Manufacturer: Agilent

PROMETHAZINE AND PHENYLEPHRINE HYDROCHLORIDES AND CODEINE PHOSPHATE ORAL SOLUTION (DSD
Mgh #70210)

PF LGS# Reagent Brand Type of Test Comments

34(5) L1 Inertsil ODS-3 Assay, Identification, and
Related compounds

Related compond B. 4.6 mm6 25 cm, 5 mm. Manufacturer:
GL Sciences

34(5) L1 Symmetry C-18 Related compounds Related compound Test A. 4.6 mm 6 15 cm, 5 mm. Man-
ufacturer: Waters Corp.

PROMETHAZINE AND PHENYLEPHRINE HYDROCHLORIDES ORAL SOLUTION (DSD Mgh #70200)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 Symmetry C-18 Related compounds Related compounds Test A. 4.6 mm 6 15 cm, 5 mm.
Manufacturer: Waters Corp.

34(5) L1 Inertsil ODS-3 Assay, Identification, and
Related compounds

Related compounds Test B. 4.6 mm 6 25 cm, 5 mm.
Manufacturer: GL Sciences

RIBAVIRIN CAPSULES (DSD Mgh #73405)
PF LGS# Reagent Brand Type of Test Comments

0(0) L17 IC-Pak Cation Assay & Chromaographic
purity

7.8 mm 6 15 cm, 7 mm. Manufacturer: Waters Corp
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SALMETEROL XINAFOATE (DSD Mgh #74389)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Spherisorb ODS-2 Assay, Identification, and
Related compounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Waters Corp.

SUCROSE PALMITATE (DSD Mgh #1577)
PF LGS# Reagent Brand Type of Test Comments

34(6) L8 High Performance
Carbohydrate Anal-

ysis

Free . . . . . . . . . . . Free Sucrose: 4.6 mm 6 0.25 m Manufacturer: Waters
Corp.

34(6) L21 PLgel Assay 7 mm 6 60 cm Manufacturer: Phenomenex

SUCROSE STEARATE (DSD Mgh #1009)
PF LGS# Reagent Brand Type of Test Comments

34(6) L8 High Performance
Carbohydrate Anal-

ysis

Free . . . . . . . . . . . Free Sucrose: 4.6 mm 6 25 cm. Manufacturer: Waters
Corp.

34(6) L21 PLgel Assay 7 mm 6 60 cm. Manufacturer: Phenomenex

TOPIRAMATE TABLETS (DSD Mgh #84314)
PF LGS# Reagent Brand Type of Test Comments

33(2) L1 Symmetry Shield
RP-18

Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.

34(5) L47 PRP X100 Limit of . . . . . . . . . Limit of sulfate/sulfamate. 4.6 mm 6 15 cm, 5 mm. Man-
ufacturer: Hamilton

VALRUBICIN (DSD Mgh #87720)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 ZORBAX SB-C18 Assay and Related com-
pounds

4.6 mm 6 5 cm, 1.8 mm. Manufacturer: Agilent Technol-
ogies

VINPOCETINE (DSD Mgh #3374)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 Discovery C18 Identification and Related
compounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Supelco Inc.

ZIDOVUDINE AND LAMIVUDINE TABLETS (DSD Mgh #89525)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Keystone ODS-A Assay & Chromatographic
purity

3 mm 6 25 cm, 5 mm. This column is not commercially
available anymore. No information about alternative col-

umns. Manufacturer: Thermo Electron
0(0) L1 Inertsil ODS-3 Assay, Dissolution, Re-

lated compounds
4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences

34(6) L1 Inertsil ODS-3 Dissolution and Releated
compounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences

ZONISAMIDE CAPSULES (DSD Mgh #89996)
PF LGS# Reagent Brand Type of Test Comments

35(1) L1 Symmetry C-18 Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.
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STANDARDS DEVELOPMENT

This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum (PF), for

the development of official pharmaceutical standards.
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USP publishes Pharmacopeial Forum (PF) bimonthly and provides interested parties an opportunity to review and comment on

the new or revised standards of the United States Pharmacopeia and the National Formulary (USP–NF).

PF includes the following:

1. Potential revisions—entirely new standards, revision ideas, and drafts not yet targeted for official adoption (Pharmacopeial

Previews)

2. Proposed revisions—new or revised standards targeted for official adoption (In-Process Revision)

3. Adopted revisions—new or revised standards that become official and binding before the publication of the next USP–NF or

Supplement (Interim Revision Announcement)

USP welcomes comments and data on potential, proposed, or official standards. Comments, along with USP’s responses, will be

published either in PF Briefings, the Commentary section of PF, the Commentary section of Supplements to USP–NF, or the

Commentary section of USP–NF.
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, U.S. Pharmacopeia, 12601 Twinbrook Parkway,

Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
This section provides descriptions of the various parts of PF. It also includes Committee Designations and the Staff Directory.
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The content of the different sections of PF are briefly described below. A more detailed description of each section is provided at

the beginning of that section. A general description of the types and amount of information expected in a Request for Revision is

available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website

(www.usp.org/USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Pharmacopeial
Previews
Early ideas for revisions

�BRIEFING: Scientific rationale for potential inclusion or change. May
include other information useful to the analyst such as the brand name
of the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�Potential revisions not yet targeted for official adoption that require a
longer public review and comment process because of
issues such as:

— the controversial nature of an item;
— the application of new technologies that require further

study; and
— articles produced by multiple sources.

Review drafts and provide comments to
the appropriate staff liaison cited in the
Briefing preceding each Preview.

In-Process Revision
Revisions targeted for
adoption

�BRIEFING: Scientific rationale for proposed changes. May include
other information useful to the analyst such as the brand name of
the column used in developing the proposed procedure and the USP
scientific staff liaison who handled the issue.
�New and revised standards that have been approved for publication
by the appropriate USP Committee when it is considering whether to
advance standards to official status (see Standards Development).
New or revised text is marked with symbols (&

&
or .. or

~

~
) to spec-

ify the tentative earliest date on which the revision would be officially
adopted.

Review material and send comments
promptly to USP staff liaison (see the
Staff Directory) identified at the end of
the briefing accompanying each item.
For general inquiries or in cases where
a particular liaison is not identified, use
the general USP telephone number 301-
881-0666 or FAX number 301-816-
8373. Comment deadlines are found at
the end of the Policies and Announce-
ments section.

Harmonization
Items the Pharmacopeial
Discussion Group (PDG)
is working to harmonize
internationally

�BRIEFING: Scientific rationale for the potential inclusion or change or
for the proposed change. The designated stage of harmonization. The
stage determines whether an item appears under Pharmacopeial Pre-
views or under In-Process Revision, both separate sections of Harmo-
nization.
�For In-Process Revision, new or revised text is marked with symbols
(&

&
) to specify the tentative, earliest date on which the revision would

be officially adopted.

Review material and provide comments
to the appropriate staff liaison cited in the
Briefing preceding each Preview or In-
Process Revision.
Individuals who wish to correspond
with the European and Japanese Pharma-
copoeias concerning monographs in the
Official Inquiry and Consensus stages
of international harmonization should ad-
dress their comments to the coordinating
pharmacopeia, with a copy to USP, for a
given article. The addresses for the Eur-
opean and Japanese Pharmacopoeias are
as follows:

EP Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health Care
Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Interim Revision
Announcement
Adopted standards

Standards that have been adopted and will become officially binding
on the specified date. Effective date is specified in the section’s intro-
ductory page or within parentheses following a particular item. New
or revised text is set off by the symbols .

..

Review to see if affected by any of the
changes. Note effective date when stan-
dards become official and ensure compli-
ance.

Pending Proposals In order for an item to be adopted into the USP–NF and become offi-
cially binding, it must first be proposed and published in the PF to
allow the public an opportunity to review and comment upon it. When
an item is adopted, it is published in either the USP–NF, its supple-
ments, or an IRA. Those items that have not yet been adopted are still
pending.

Review items to track pending pro-
posals.

Canceled Proposals Canceled proposals are items that were published in PF and were
pending, but have since been canceled. Note that canceled propos-
als may be republished to be considered in the future for adoption into
the USP–NF.

Review items to track canceled pro-
posals.
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Other Sections

Expert Committee Designations

Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the development of stan-

dards.

Staff Directory

Names of key USP Standards Division staff members, including scientific liaisons, with contact information.

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested parties
� Discussions of issues on which USP desires public input prior to further development

Nomenclature
� Latest adopted United States Adopted Names (USAN) and International Nonproprietary Names (INN) for drugs
� Revisions to existing names as a supplement to the USP Dictionary of USAN and International Drug Names
� Suggested, proposed, and recommended USAN and INN
� Information on how nonproprietary drug names are devised
� Articles relevant to compendial nomenclature issues

Index

Cumulative directory for the content of all issues of PF beginning with PF 34(1).

Chromatographic Reagents Used in USP–NF and Pharmacopeial Forum

Update of chromatographic reagents based on the proposals published in this issue of PF.
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

BB CGT B&B Cell, Gene, and Tissue Therapies

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards [Formerly Dietary Supplements—Bioavailability (DSB)]

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

MD-CCA Monograph Development—Cough, Cold, and Analgesics

MD-GRE Monograph Development—Gastrointestinal, Renal, and Endocrine

MD-OOD Monograph Development—Ophthalmology, Oncology, and Dermatology

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2005–2010 Expert Committees. The general USP telephone
number, (301) 881-0666, may still be used for general inquiries or when a particular Expert Committee is not identified. The fax
number is (301) 816-8373.

STAFF E-MAIL PHONE ASSIGNMENT

Darrell Abernethy
Chief Science Officer

dra@usp.org (301) 816-8184

Clydewyn M. Anthony, Ph.D.,
Senior Scientist

cma@usp.org (301) 816-8139 Monograph Development—
Cough, Cold, and Analgesics
(MD-CCA)

Fouad Atouf, Ph.D.,
Senior Scientific Associate

fa@usp.org (301) 816-8365 B&B Cell, Gene, and Tissue
Therapies (BB CGT)

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Patient Safety Initiatives

scb@usp.org (301) 816-8216

Kristie Bowman,
Senior Scientific Associate

kxb@usp.org (301) 816-8462 Food Ingredients (FI)

Colleen E. Brennan, R.Ph.,
Manager

cyb@usp.org (301) 816-8548 Safe Medication Use (SMU)

William E. Brown,
Senior Scientist

web@usp.org (301) 816-8380 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF)

Damián A. Cairatti,
Senior Scientist

dac@usp.org (301) 816-8307 USP–NF Spanish Edition

Larry N. Callahan, Ph.D.,
Senior Scientist

lnc@usp.org (301) 816-8385 B&B Proteins and Polysaccha-
rides (BB PP)

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Diane Cousins, R.Ph.,
Vice President, Healthcare Quality
and Information

ddc@usp.org (301) 816-8215

Behnam Davani, Ph.D.,
Senior Scientist

bd@usp.org (301) 816-8394 Monograph Development—
Antivirals and Antimicrobials
(MD-AA)

Natalia Davydova, Ph.D. nd@usp.org (301) 816-8328 Dietary Supplements
Performance Standards

Anthony DeStefano,
Vice President, General Chapters

ajd@usp.org (301) 998-6303

Ian F. DeVeau, Ph.D.,
Director, Veterinary Drugs
and Radiopharmaceuticals

ifd@usp.org (301) 816-8178 Veterinary Drugs (VET)

Gabriel I. Giancaspro, Ph.D.,
Director, Dietary
Supplements

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Scientist

bg@usp.org (301) 816-8223 Document Disclosure

Elena Gonikberg, Ph.D.,
Senior Scientist

eg@usp.org (301) 816-8251 Monograph Development—
Gastrointestinal, Renal, and
Endocrine (MD-GRE)

James Griffiths,
Vice President, Food and Dietary
Supplement Standards

jg@usp.org (301) 998-6811

Linda Guard,
Vice President, Publications

lmg@usp.org (301) 816-8309

Antonio Hernandez-Cardoso,
Scientist, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP Spanish Edition;
General Chapters (GC)
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STAFF E-MAIL PHONE ASSIGNMENT

Desmond G. Hunt, Ph.D.,
Scientist

dgh@usp.org (301) 816-8341 Packaging and Storage
(P&S);

Parenteral Products— Industrial
(PPI)

Alexy Khrenov, Senior
Scientific Associate

ak@usp.org (301) 998-6335 B&B: Proteins and Polysacchar-
ides
(BB PP)

Robert Lafaver,
Scientist

rhl@usp.org (301) 816-8335 Excipient Monographs 1 (EM1);
Excipient General Chapters (EGC)

Steven P. Lane,
Vice President, RSO &
Applied Compendial Research

psl@usp.org (301) 816-8337 Reference Standards

Angela G. Long,
Vice President, Volunteer and
Organizational Affairs and
Executive Secretariat

agl@usp.org (301) 816-8382

Victor Xiaobin Lu, Ph.D.,
Senior Scientist

vxl@usp.org (301) 816-8336 B&B Vaccines and Virology
(BB-VV)

Feiwen Mao,
Scientist

fm@usp.org (301) 816-8320 Monograph Development—
Ophthalmology, Oncology,
and Dermatology (MD-OOD)

Margareth R. Marques, Ph.D.,
Senior Scientist and Latin
American Liaison

mrm@usp.org (301) 816-8106 Biopharmaceutics (BPC);
Pharmaceutical Dosage
Forms (PDF); Reagents

Marcia D. Mayfield,
Project Manager, Monograph
Procurement

mxm@usp.org (301) 816-8358 New Monograph Acquisition

Kate Meringolo, Manager,
Publications Support

kxm@usp.org (301) 816-8377

Jeff Moore, Ph.D.,
Senior Scientific Associate

jm@usp.org (301)816-8288 Food Ingredients (FI)

Kevin Moore, Ph.D.,
Scientist

ktm@usp.org (301)816-8369 Harmonization;
Monograph Improvement

Tina S. Morris, Ph.D.,
Director, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

Amy Neal, DVM,
Senior Scientist

an@usp.org (301) 998-6786 Veterinary Medicine Information
(VMI)

Claudia C. Okeke, Ph.D.,
Scientific Fellow,
Patient Safety

cco@usp.org (301) 816-8243 Sterile Compounding (SCC)

Horacio Pappa, Ph.D.,
Senior Scientist and Latin
American Liaison

hp@usp.org (301) 816-8319 General Chapters (GC);
Statistics (STAT)

Denise Penn, R.Ph.,
Senior Drug Information Specialist

dsp@usp.org (301) 816-8392 Drug Information

Deborah G. Perfetto, Pharm.D.,
Director, Healthcare Information

dgp@usp.org (301) 816-8317

Curtis S. Phinney, MSPH,
Scientist

csp@usp.org (301) 816-8540 Dietary Supplements
Non-Botanicals

Morgan Puderbaugh,
Scientific Associate

mxp@usp.org (301) 998-6833 Small Molecules Monographs

Sujatha Ramakrishna, Ph.D.,
Scientist

sxr@usp.org (301) 816-8349 Monograph Development—
Cardiovascular (MD-CV)
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STAFF E-MAIL PHONE ASSIGNMENT

Hariram Ramanathan,
Scientific Associate

hr@usp.org (301) 816-8313 Small Molecules Monographs

Ravi Ravichandran, Ph.D.,
Senior Scientist

rr@usp.org (301) 816-8330 Monograph Development—
Psychiatrics and
Psychoactives (MD-PP)

Gary E. Ritchie, M.S.,
Scientific Fellow for PAT

ger@usp.org (301) 816-8353 General Chapters (GC);
Pharmaceutical Waters (PW);
Statistics (STAT)

Karen A. Russo, Ph.D.,
Vice President, Small Molecules

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientist

lxs@usp.org (301) 816-8168 International Health (IH)

Dandapantula Sarma, Ph.D,
Senior Scientist

dns@usp.org (301) 816-8354 Dietary Supplements—
Information (DSI)

Rick Schnatz, Pharm.D,
Manager, Pharmacy
Compounding EC

rxs@usp.org (301) 816-8526 Compounding Pharmacy (CRX)

Stefan P. Schuber, Ph.D.,
Director, Scientific Reports

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientist

mhs@usp.org (301) 816-8318 Dietary Supplements—
Botanicals (DSB)

Catherine M. Sheehan,
Director, Excipients and
Food Ingredients

cxs@usp.org (301) 816-8262 Food Ingredients (FI)

Tom Sigambris, M.S.,
Scientist

tzs@usp.org (301) 998-6789 Veterinary Drugs (VET); Radio-
pharmaceuticals and Medical Ima-
gings Agents

Anita Y. Szajek, Ph.D.,
Senior Scientist

aey@usp.org (301) 816-8325 B&B Blood and Blood Products
(BB BBP)

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientist

rst@usp.org (301) 816-8339 General Toxicity and Medical
Device Biocompatibility
(GTMDB); Microbiology and
Sterility Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientist

yt@usp.org (301) 816-8321 Dietary Supplements—
General Chapters (DS-GC)

Domenick Vicchio,
Senior Scientist

dwv@usp.org (301) 998-6828 Small Molecules Monographs

Hong Wang, Ph.D.,
Scientist

hw@usp.org (301) 816-8351 Excipient Monographs 2
(EM2); Excipient General
Chapters (EGC)

Lili Wang, Technical
Services Scientist

rstech@usp.org (301) 816-8129 USP Reference Standards

Andrzej Wilk, Ph.D.,
Sr. Scientist

aw@usp.org (301) 816-8305 Nomenclature (NOM)

Ahalya Wise,
Scientist

aww@usp.org (301) 816-8161 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientist

kxz@usp.org (301) 816-8269 Aerosols (AER); General
Chapters (GC)
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POLICIES AND
ANNOUNCEMENTS

This section includes information about general scientific and policy issues that may have an impact on USP–NF standards and

processes and announcements about issues being considered by USP. This section also includes publication and comment sched-

ules.
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USP ANNOUNCES A REVISED MONOGRAPH TO

LEVOTHYROXINE SODIUM TABLETS. USP revised

the monograph for Levothyroxine Sodium Tablets to support

the action of the U.S. Food and Drug Administration to ensure

the drug product retains its potency over its shelf life. USP

published the revision to the Assay range in Pharmacopeial

Forum 34(1) [Jan–Feb 2008] for public review and

comment; the comment period ended on April 15, 2008.

The proposed revision was approved for adoption by the

re levan t USP Exper t Commit tee for inc lus ion in

USP 32–NF 27 to be published in November 2008. The

revision will narrow the assay acceptance criteria from the

current requirement ‘‘not less than 90.0 percent and not

more than 110.0 percent of the labeled amount of

levothyroxine sodium’’ to ‘‘not less than 95.0 percent and

not more than 105.0 percent of the labeled amount of

levothyroxine sodium.’’ The change will help improve the

quality of the product so that consumers receive the level of

medication needed to treat their thyroid disorders.

Levothyroxine sodium tablets are used to treat underactive

thyroid glands and other thyroid conditions. Levothyroxine

sodium products are used by over 13 million patients.

On October 3, 2007, FDA notified the holders of approved

NDAs and ANDAs for levothyroxine sodium drug products

that it will require all approved levothyroxine sodium drug

products to meet a 95.0 percent to 105.0 percent range of label

claim throughout their labeled shelf-lives. The manufacturers

should begin meeting these specifications no later than 24

months after the notification. This proposal is part of the

FDA’s ongoing effort to address concerns about the perfor-

mance of approved levothyroxine sodium products and to help

ensure that levothyroxine sodium drug products maintain their

quality throughout their shelf-lives. The FDA letter to the USP

and additional information about the FDA proposal is avail-

able on the following FDA Center for Drug Evaluation and

Research (CDER) website: http://www.fda.gov/cder/drug/

infopage/levothyroxine/default.htm.

In addition to the companies licensed to market levothyroxine

sodium tablets in the U.S., many non-U.S. markets have a lo-

cal regulatory commitment to observe USP standards; manu-

facturers in these countries will need to meet the revised

standard by the October 3, 2009 official date. It is of high clin-

ical importance that these firms are aware of the change so that

the supply of levothyroxine sodium tablets is not disrupted by

compliance issues.

The tightened assay range in the USP monograph for Le-

vothyroxine Sodium Tablets will become official on October

3, 2009, to correspond to the date provided by the FDA to the

application holders. In this way, implementation of the USP

monograph revision will be contemporaneous with the date

when all FDA-approved products will be expected to meet

the revised potency specifications. Please direct any comments

or questions related to the revision to Dr. Elena Gonikberg,

Senior Scientist (301-816-8251 or eg@usp.org).

USP PROPOSES CHANGES TO GENERAL CHAPTER

h711i DISSOLUTION; REQUIREMENTS FOR THE

SALICYLIC ACID DISSOLUTION CALIBRATOR TO

BE DISCONTINUED. The Biopharmaceutics Expert

Committee (BPC EC) has revised the General Chapter

Dissolution h711i to remove USP Salicylic Acid Tablets RS

from the Performance Verification Test (PVT) and to change

the acceptance criteria for prednisone tablets. The revised

chapter was published in Pharmacopeial Forum 34(5) with

an intended official date of December 1, 2009 (the official

date of the Second Supplement to USP 32-NF 27). This

change was presented as an In Process Revision to allow

considerable advance notice.

USP Prednisone Lot P PVT Reference Standard tablets will be

replaced by USP Prednisone Lot Q Reference Standard tablets

as they become available in the spring of 2009. The new pro-

cedure and criteria will become official for Lot Q on December

1, 2009. USP will provide a calculation spreadsheet in the

‘‘Compendial Tools’’ area of the website to assist with these

calculations.

Please direct any questions to William Brown, Senior Scientist

(301-816-8380 or web@usp.org) or Anthony DeStefano,

Ph.D. (301-998-6303 or ajd@usp.org).

USP WEBSITE. USP is moving some information from the

PF to the www.usp.org website. USP is undertaking this

initiative to assure that all interested parties have access to

this information. USP understands the information it

publishes is critical to industry operations and needs to be

broadly communicated to stakeholders in a timely manner.

Because the website is available to everyone and is routinely

maintained, it is the ideal vehicle for USP to use in order to

achieve this goal.

The following information, previously published in the Poli-

cies and Announcements section of the Pharmacopeial For-

um, is now accessible on USP’s website.

� IRA Commentary
� Compendial Notices
� Stimuli to the Revision Process Articles
� Pharmacopeial Education Courses
� Reference Standards Catalog

Other important information that resides on the USP website

includes:

� Rules and Procedures of the Council of Experts
� Revision Bulletins
� Postponements
� Intent to Revise Letters
� Explanatory Notes and Announcements
� Errata Announcements

The USP intends to continue this effort and is targeting the

following information to be posted only to the USP website

in the near future:

� Reference Standards Abeyance List
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� High Priority Monograph List

USP encourages stakeholders to sign up for the Compendial

Notices e-mail service in order to receive notices of new post-

ings to the USP website. To sign up for this service,

go to http://www.usp.org/support/products/uspNewsletters

Request.html?promo=compendial.

PHARMACOPEIAL FORUM PUBLIC REVIEW AND

COMMENT PERIOD DEADLINES. The USP welcomes

and encourages interested parties to submit comments and

data regarding potential, proposed, or adopted (official)

standards. In accordance with the Rules and Procedures of

the 2005–2010 Council of Experts, USP has implemented a

90-day comment period by providing a deadline for each

issue of PF unless otherwise stated in the individual

briefing. The listing of comment period deadlines and the

targeted official publications appears below.

Pharmacopeial Forum Comment Deadline
Targeted Official

Publication Publication Date Official Date

PF 34(2) June 15, 2008 USP 32–NF 27
1st Supplement

February 2009 August 2009

PF 34(3) August 15, 2008

PF 34(4) October 15, 2008 USP 32–NF 27
2nd Supplement

June 2009 December 2009

PF 34(5) December 15, 2008

PF 34(6) February 15, 2009 USP 33–NF 28 November 2009 May 2010

PF 35(1) April 15, 2009

PF 35(2) June 15, 2009 USP 33–NF 28
1st Supplement

February 2010 August 2010

PF 35(3) August 15, 2009

All official revisions are published in the annual edition or

Supplements to USP–NF (twice yearly). Between these publi-

cations, official revisions are published in PF in the Interim

Revision Announcement; these revisions are also incorporated

in the upcoming Supplement. The official publication in which

an IRA is incorporated will depend upon publication dead-

lines. The IRAs appearing in PF Numbers 5 and 6 of each vol-

ume will not appear until Supplement 1. See table below. The

electronic version of USP–NF is updated as each Supplement

becomes available and, therefore, contains all official text up

to and including the contents of the latest Supplement. The ta-

ble below outlines the publications and their release and offi-

cial dates, and the book or supplement which supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

IRA [PF 34(1)] Jan. 1, 2008 Feb. 1, 2008 2nd Supplement to USP 31–NF 26

1st Supplement to USP 31–NF 26 Feb. 1, 2008 Aug. 1, 2008 2nd Supplement to USP 31–NF 26

IRA [PF 34(2)] Mar. 1, 2008 Apr. 1, 2008 2nd Supplement to USP 31–NF 26

IRA [PF 34(3)] May 1, 2008 June 1, 2008 USP 32–NF 27

2nd Supplement to USP 31–NF 26 June 1, 2008 Dec. 1, 2008 USP 32–NF 27

IRA [PF 34(4)] July 1, 2008 Aug. 1, 2008 1st Supplement to USP 32–NF 27

IRA [PF 34(5)] Sept. 1, 2008 Oct. 1, 2008 1st Supplement to USP 32–NF 27

IRA [PF 34(6)] Nov. 1, 2008 Dec. 1, 2008 2nd Supplement to USP 32–NF 27

USP 32–NF 27 Nov. 1. 2008 May 1, 2009 1st Supplement to USP 32–NF 27

PRIORITY NEW MONOGRAPH ITEMS. USP is seeking

monographs for the following drug substances and drug pro-

ducts that are or soon will be off patent and thus are of the

highest priority. USP also is seeking monographs for the ex-

cipients listed below.

Monographs are marked received upon receipt of the mono-

graph proposal. Received monographs are removed from this

list upon publication in Pharmacopeial Forum or when posted

in the Pending Monographs section of the USP website (http://

www.usp.org/standards/pending/). This list has been updated

as of August 18, 2008. For the most current list, please consult

the Priority New Monograph Items List posted at http://

www.usp.org/USPNF/submitMonograph/newMon.html.

Monograph sponsors should consult USP’s Guideline for Sub-

mitting Requests for Revision to the USP–NF posted at http://

www.usp.org/USPNF/submitMonograph/subGuide.html.

For additional information, contact Karen A. Russo, Ph.D.,

kar@usp.org.
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Small Molecules (Drug Substances)—As of August 18, 2008

1. Allopurinol Sodium 2. Aminopropazine Fumarate 3. Aminopterin Sodium

4. Anagrelide Hydrochloride
(Received)

5. Arsenic Trioxide 6. Auranfoin

7. Azelaic Acid
(Received)

8. Balsalazide Disodium 9. Bentoquatam

10. Benzphetamine Hydrochloride 11. Bivalirudin
(Received)

12. Calcipotriene

13. Calcium Trisodium Pentetate 14. Calfactant 15. Candesartan Cilexetil
(Received)

16. Carmustine
(Received)

17. Cefditoren Pivoxil
(Received)

18. Ceftibuten

19. Cetrorelix 20. Cevimeline 21. Chloroxine

22. Choline Salicylate 23. Cysteamine Bitartrate 24. Cytarabine Liposome

25. Dalfopristin 26. Dapirazole Hydrochloride 27. Desirudin

28. Desonide
(Received)

29. Dexrazoxane 30. Dextromethorphan Polistirex

31. Difenoxin Hydrochloride 32. Difloxacin Hydrochloride 33. Entacapone
(Received)

34. Epoprostenol Sodium
(Received)

35. Erythromycin Phosphate 36. Erythromycin Thiocyanate

37. Esmolol Hydrochloride
(Received)

38. Estazolam
(Received)

39. Estramustine Phosphate Sodium

40. Ethanolamine Oleate 41. Etomidate
(Received)

42. Etoposide Phosphate

43. Exemestane 44. Famciclovir
(Received)

45. Felbamate

46. Fluoromethane F 18 47. Fosfomycin Tromethamine
(Received)

48. Gadobenate Dimeglumine

49. Gadopentetic Acid 50. Gallium Nitrate 51. Ganirelix

52. Glyceryl Aminobenzoate 53. Guanidine Hydrochloride 54. Halobetasol Propionate
(Received)

55. Haloperidol Decanoate
(Received)

56. Hydrocodone Polistirex 57. Ibandronate Sodium

58. Imipramine Pamoate 59. Imiquimod 60. Irinotecan Hydrochloride
(Received)

61. Isosulfan Blue 62. Latanoprost
(Received)

63. Lomustine
(Received)

64. Lopinavir
(Received)

65. Metipranolol Hydrochloride 66. Miglitol

67. Milrinone Lactate 68. Misoprostol
(Received)

69. Moexipril Hydrochloride

70. Nalbuphine Hydrochloride 71. Nalmefene Hydrochloride 72. Nateglinide
(Received)

73. Nedocromil Sodium 74. Nicardipine Hydrochloride 75. Nilutamide

76. Nisoldipine 77. Olsalazine Sodium
(Received)

78. Orlistat
(Received)

79. Oxcarbazepine
(Received)

80. Oxiconazole Nitrate 81. Pemirolast Potassium

82. Pentamidine Isethionate
(Received)

83. Pioglitazone Hydrochloride 84. Piperonyl Butoxide

85. Pirbuterol Acetate
(Received)

86. Poractant Alpha 87. Porfimer Sodium

88. Pramiprexole Dihydrochloride 89. Quetiapine Fumarate
(Received)

90. Ranitidine

91. Rivastigmine Tartrate
(Received)

92. Ropinirole Hydrochloride 93. Rose Bengal Disodium

94. Rosiglitazone Maleate 95. Salmeterol Xinafoate
(Received)

96. Sertraline Hydrochloride
(Received)

97. Sodium Phenylbutyrate 98. Sodium Phosphates 99. Spectinomycin Sulfate

100. Streptozocin 101. Tacrolimus
(Received)

102. Tenofovir Disoproxil Fumarate
(Received)

103. Tiludronate Disodium 104. Tiopronin 105. Tranexamic Acid
(Received)
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Small Molecules (Drug Substances)—As of August 18, 2008 (Continued)

106. Tranylcypromine Sulfate
(Received)

107. Trimetrexate Glucuronate 108. Venlafaxine Hydrochloride
(Received)

109. Voriconazole
(Received)

110. Zaleplon 111. Zinc Tridosium Pentetate

112. Zoledronic Acid 113. Zonisamide
(Received)

Small Molecules (Drug Products)—As of August 18, 2008

1. Abacavir Sulfate, Lamivudine, and Zido-
vudine Tablets

2. Acarbose Tablets 3. Acetaminophen, Butalbital, Caffeine, and
Codeine Phosphate Capsules

4. Acetaminophen, Clemastine Fumarate,
and Pseudoephedrine Hydrochloride
Tablets

5. Acetazolamide Extended-Release Cap-
sules

6. Albuterol and Ipratropium Bromide Inhala-
tion Aerosol

7. Albuterol and Ipratropium Bromide Inha-
lation Solution

8. Albuterol Extended-Release Tablets 9. Albuterol Inhalation Aerosol

10. Albuterol Sulfate Inhalation Solution 11. Albuterol Sulfate Oral Solution 12. Alendronate Sodium Oral Solution

13. Alfuzosin Extended-Release Tablets 14. Allopurinol for Injection 15. Alprazolam Extended-Release Tablets

16. Alprostadil Urethral Suppository 17. Aminopropazine Fumarate and Neomy-
cin Sulfate Tablets

18. Aminopropazine Fumarate Injection

19. Aminopropazine Fumarate Tablets 20. Aminopterin Sodium Tablets 21. Amiodarone Hydrochloride Injection

22. Amlodipine and Benazepril Hydro-
chloride Capsules

23. Amphotericin B Injection 24. Anagrelide Hydrochloride Capsules
(Received)

25. Arsenic Trioxide Injection 26. Atovaquone and Proguanil Hydrochlor-
ide Tablets

27. Atovaquone Tablets

28. Auranofin Capsules 29. Azatadine Maleate and Pseudoephedrine
Sulfate Extended-Release
Tablets

30. Azelaic Acid Cream

31. Azithromycin for Injection
(Received)

32. Azithromycin Tablets
(Received)

33. Baclofen Injection

34. Balsalazide Disodium Capsules 35. Beclomethasone Dipropionate Inhala-
tion Aerosol

36. Beclomethasone Dipropionate Nasal Sus-
pension

37. Benazepril Hydrochloride and Hydro-
chlorothiazide Tablets

38. Bentoquatam Topical Suspension 39. Benzocaine and Cetylpyridinium Chlo-
ride Lozenges

40. Benzocaine and Menthol Lotion 41. Benzphetamine Hydrochloride Tablets 42. Bivalirudin Injection

43. Brompheniramine Maleate, Dextro-
methorphan Hydrobromide, and Pseudo-
ephedrine Hydrochloride Oral Solution

44. Budesonide Inhalation Aerosol 45. Bupivacaine and Lidocaine Hydrochlor-
ides Injection

46. Buprenorphine Hydrochloride Injection 47. Butalbital and Acetaminophen Capsules 48. Butalbital and Acetaminophen Tablets

49. Calcipotriene Cream 50. Calcipotriene Ointment 51. Calcipotriene Topical Solution

52. Calcitriol Capsules 53. Calcitriol Oral Solution 54. Calcium Acetate Capsules

55. Calcium Trisodium Pentetate Injection 56. Calfactant Intratracheal Suspension 57. Carbidopa and Levodopa Extended-Re-
lease Tablets
(Received)

58. Carbidopa and Levodopa Tablets for
Oral Suspension
(Received)

59. Carbidopa, Levidopa, and Entacapone
Tablets

60. Carmustine for Injection
(Received)

61. Carmustine Implant 62. Cefdinir Tablets 63. Cefditoren Pivoxil Tablets

64. Ceftibuten Capsules 65. Ceftibuten for Oral Suspension 66. Ceftiofur Hydrochloride Oral Suspension

67. Cetirizine Hydrochloride Tablets
(Received)

68. Cetrorelix Injection 69. Cevimeline Hydrochloride Capsules

70. Chloroxine Cream 71. Chlorpromazine Hydrochloride Ex-
tended-Release Capsules

72. Choline and Magnesium Salicylates Oral
Solution

73. Choline and Magnesium Salicylates
Tablets

74. Choline Salicylate Oral Solution
(Received)

75. Ciclopirox Shampoo

76. Ciclopirox Topical Gel 77. Ciclopirox Topical Solution
(Received)

78. Cimetidine Oral Solution

79. Ciprofloxacin Extended-Release
Tablets

80. Ciprofloxacin Hydrochloride and Hy-
drocortisone Otic Suspension

81. Ciprofloxacin Otic Solution

82. Cisplatin Injection 83. Citalopram Hydrobromide Oral Solution 84. Citric Acid, Gluconolactone, and Magne-
sium Carbonate Irrigation

85. Cladribine Injection 86. Clemastine Fumarate Syrup 87. Clobetasol Propionate Gel

88. Clorazepate Dipotassium Capsules 89. Clorazepate Dipotassium Extended-Re-
lease Tablets

90. Clotrimazole and Betamethasone Dipro-
pionate Lotion
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Small Molecules (Drug Products)—As of August 18, 2008 (Continued)

91. Compound Undecylenic Acid Cream 92. Compound Undecylenic Acid Topical
Powder

93. Conjugated Estrogens and Medroxypro-
gesterone Acetate Tablets

94. Cyclosporine Modified Capsules 95. Cyclosporine Modified Oral Solution 96. Cyclosporine Ointment

97. Cyclosporine Topical Solution 98. Cysteamine Bitartrate Capsules 99. Cytarabine Liposome Injection

100. Dalfopristin and Quinupristin Injection 101. Dantrolene Sodium Oral Suspension 102. Dapiprazole for Ophthalmic Solution

103. Desirudin for Injection 104. Desonide Cream 105. Dexrazoxane for Injection

106. Dextroamphetamine Sulfate Extended-
Release Capsules

107. Dextromethorphan Polistirex Ex-
tended-Release Oral Suspension

108. Diazepam Injectable Emulsion

109. Diclofenac Sodium Ophthalmic Solu-
tion

110. Diethylpropion Hydrochloride Ex-
tended-Release Tablets

111. Difenoxin Hydrochloride and Atropine
Sulfate Tablets

112. Difloxacin Hydrochloride Tablets 113. Dihydroergotamine Mesylate Metered
Spray

114. Diltiazem Hydrochloride Injection

115. Dinoprostone Vaginal Suppositories 116. Diphenhydramine Hydrochloride and
Acetaminophen Tablets

117. Divalproex Sodium Delayed-Release
Capsules

118. Dorzolamide and Timolol Ophthalmic
Solution

119. Dorzolamide Ophthalmic Solution 120. Doxepin Hydrochloride Cream

121. Doxycycline Oral Gel 122. Econazole Nitrate Cream 123. Edrophonium Chloride and Atropine
Sulfate Injection

124. Enalapril Maleate and Felodipine Ex-
tended-Release Tablets

125. Enalaprilat Injection
(Received)

126. Entacapone Tablets
(Received)

127. Ephedrine Sulfate and Guaifenesin
Tablets

128. Epirubicin Hydrochloride for Injection 129. Epirubicin Hydrochloride Injection

130. Epoprostenol for Injection 131. Epoprostenol Injection 132. Escitalopram Oxalate Tablets
(Received)

133. Esmolol Hydrochloride Injection 134. Esomeprazole Magnesium Capsules 135. Estazolam Tablets
(Received)

136. Estramustine Phosphate Sodium Cap-
sules

137. Ethanolamine Oleate Injection 138. Etidronate Disodium Injection Concen-
trate

139. Etomidate Injection 140. Exemestane Tablets 141. Famotidine Orally Disintegrating
Tablets

142. Felbamate Oral Suspension 143. Felbamate Tablets 144. Fentanyl Lozenges

145. Famciclovir Tablets 146. Fentanyl Transdermal System
(Received)

147. Ferrous Fumarate and Docusate Sodium
Extended-Release Capsules

148. Fluconazole Oral Suspension 149. Flunisolide Inhalation Aerosol 150. Flunisolide Nasal Spray

151. Fluocinolone Acetonide Shampoo 152. Fluorescein Sodium Ophthalmic Solu-
tion

153. Fluorometholone Ointment

154. Fluticasone Propionate Cream
(Received)

155. Fluticasone Propionate Inhalation
Powder

156. Fluticasone Propionate Ointment
(Received)

157. Fluticasone Propionate Pressurized In-
haler

158. Foscarnet Sodium Injection 159. Fosfomycin for Oral Solution

160. Gabapentin Oral Solution 161. Gadobenate Dimeglumine Injection 162. Gallium Nitrate Injection

163. Ganciclovir Capsules 164. Ganirelix Acetate Injection 165. Gatifloxacin Injection

166. Gatifloxacin Tablets 167. Gentamicin Sulfate Oral Solution 168. Gentamicin Sulfate Soluble Powder

169. Glipizide Extended-Release Tablets 170. Guaifenesin and Pseudoephedrine Hy-
drochloride Extended-Release Tablets

171. Guaifenesin and Salts of Dextromethor-
phan and Pseudoephedrine Oral Solution

172. Guanidine Hydrochloride Tablets 173. Halobetasol Propionate Cream 174. Halobetasol Propionate Ointment

175. Haloperidol Decanoate Injection 176. Haloperidol Lactate Injection 177. Haloperidol Lactate Oral Concentrate

178. Hydralazine Hydrochloride and Hy-
drochlorothiazide Capsules

179. Hydrochlorothiazide Capsules 180. Hydrochlorothiazide Oral Solution

181. Hydrocodone Bitartrate and Acetami-
nophen Capsules

182. Hydrocodone Bitartrate and Acetamin
ophen Oral Solution

183. Hydrocodone Bitartrate and Aspirin
Tablets

184. Hydrocodone Bitartrate and Guaifene-
sin Oral Solution

185. Hydrocodone Bitartrate and Homatro-
pine Methylbromide Syrup

186. Hydrocortisone Acetate Dental Paste

187. Hydrocortisone Acetate Rectal Foam
Aerosol

188. Hydrocortisone Butyrate Lotion 189. Hydroflumethiazide and Reserpine
Tablets

190. Hydromorphone Hydrochloride Oral
Solution
(Received)

191. Hydroquinone Lotion 192. Ibandronate Sodium Tablets

193. Ibuprofen Capsules 194. Idarubicin Hydrochloride Injection 195. Imipramine Pamoate Capsules

196. Imiquimod Topical Cream 197. Ipratropium Bromide Inhalation Aero-
sol

198. Ipratropium Bromide Inhalation Solu-
tion

199. Irinotecan Hydrochloride Injection 200. Isosulfan Blue Injection 201. Isradipine Extended-Release Tablets

202. Itraconazole Injection 203. Itraconazole Oral Solution 204. Ketoconazole Cream
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Small Molecules (Drug Products)—As of August 18, 2008 (Continued)

205. Ketoconazole Shampoo 206. Ketoprofen Capsules
(Received)

207. Ketoprofen Extended-Release Capsules

208. Ketoprofen Tablets 209. Ketotifen Fumarate Ophthalmic Solu-
tion

210. Lactic Acid Lotion

211. Lamotrigine Tablets 212. Latanoprost Ophthalmic Solution 213. Leucovorin Calcium for Injection

214. Levetiracetam Tablets 215. Levocabastine Ophthalmic Suspension 216. Levofloxacin Solution

217. Lincomycin Hydrochloride and Spec-
tinomycin Sulfate Soluble Powder

218. Liothyronine Injection 219. Lomustine Capsules

220. Lopinavir and Ritonavir Solution 221. Lopinavir Capsules 222. Lopinavir Solution

223. Loratadine Orally Disintegrating
Tablets
(Received)

224. Losartan Potassium Tablets
(Received)

225. Mefloquine Hydrochloride Tablets
(Received)

226. Melphalan for Injection 227. Mesalamine Suppositories 228. Mesoridazine Besylate Concentrate

229. Metaraminol Bitartrate Injection 230. Methacholine Chloride for Inhalation
Solution

231. Methadone Hydrochloride Oral Concen-
trate

232. Methocarbamol and Aspirin Tablets 233. Methoxsalen Softgels 234. Methyclothiazide and Deserpidine
Tablets

235. Methylphenidate Hydochloride Chew-
able Tablets

236. Metipranolol Ophthalmic Solution 237. Metronidazole Capsules
(Received)

238. Metronidazole Cream 239. Metronidazole Extended-Release
Tablets

240. Metronidazole Hydrochloride for Injec-
tion

241. Metronidazole Lotion 242. Miconazole Nitrate Topical Aerosol 243. Midazolam Injection
(Received)

244. Mifepristone Tablets 245. Miglitol Tablets 246. Milrinone Injection

247. Misoprostol Tablets
(Received)

248. Moexipril Hydrochloride and Hydro-
chlorothiazide Tablets

249. Moexipril Hydrochloride Tablets

250. Molindone Hydrochloride Oral Solu-
tion

251. Morphine Sulfate for Injection Con-
centrate

252. Morphine Sulfate Oral Solution

253. Morphine Sulfate Oral Solution Con-
centrate

254. Morphine Sulfate Tablets 255. Mycophenolate Mofetil Capsules

256. Mycophenolate Mofetil Oral Solution 257. Mycophenolate Mofetil Tablets 258. Nalbuphine Hydrochloride Injection

259. Nalmefene Hydrochloride Injection 260. Naphazoline Hydrochloride and
Pheniramine Maleate Ophthalmic Solution

261. Naproxen Sodium Extended-Release Ta-
blets

262. Nateglinide Tablets
(Received)

263. Nedocromil Sodium Inhalation Aero-
sol

264. Neomycin Sulfate Oral Powder

265. Nicardipine Hydrochloride Capsules 266. Nilutamide Tablets 267. Nimodipine Capsules

268. Nisoldipine Extended-Release Tablets 269. Nitroglycerin Solution in Acrylic Ad-
hesive

270. Nitroglycerin Transdermal System

271. Nizatidine Tablets 272. Ofloxacin in Dextrose Injection 273. Ofloxacin Injection

274. Olsalazine Sodium Capsules 275. Orphenadrine Citrate Extended Re-
lease Tablets
(Received)

276. Orphenadrine Citrate, Aspirin, and Caf-
feine Tablets

277. Oxcarbazepine Suspension 278. Oxcarbazepine Tablets
(Received)

279. Oxiconazole Cream

280. Pamidronate Disodium Injection 281. Pantoprazole Sodium for Injection 282. Pantoprazole Sodium Tablets

283. Paroxetine Hydrochloride Extended-
Release Tablets

284. Paroxetine Oral Suspension 285. Pemirolast Potassium Ophthalmic Solu-
tion

286. Penicillin G Potassium Tablets for Oral
Solution

287. Pentamidine Isethionate for Inhalation 288. Pentamidine Isethionate Injection
(Received)

289. Pentazocine Hydrochloride and Aceta-
minophen Tablets

290. Phendimetrazine Tartrate Extended-
Release Capsules

291. Phenobarbital Capsules

292. Phentermine Resin Complex Capsules 293. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Extended-Re-
lease Capsules

294. Phenylephrine Hydrochloride, Chlor-
pheniramine Maleate, and Acetaminophen
Extended-Release Tablets

295. Pilocarpine Hydrochloride Ophthal-
mic Gel

296. Pilocarpine Hydrochloride Ophthalmic
Ointment

297. Pioglitazone Hydrochloride Tablets

298. Piperonyl Butoxide and Pyrethrins
Aerosol Foam

299. Pirbuterol Acetate Inhalation Aerosol 300. Poractant Alpha Suspension

301. Porfimer Sodium for Injection 302. Povacrylate Solution 303. Povacrylate–Iodine Topical Solution

304. Povidone–Iodine Gauze 305. Povidone–Iodine Swabsticks 306. Povidone–Iodine Topical Aerosol Foam

307. Povidone–Iodine Vaginal Supposi-
tories

308. Pramipexole Dihydrochloride Tablets 309. Prednisolone Sodium Phosphate Oral
Solution
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Small Molecules (Drug Products)—As of August 18, 2008 (Continued)

310. Prochlorperazine Maleate Extended-
Release Capsules

311. Progesterone Capsules 312. Promethazine and Phenylephrine Hydro-
chlorides and Codeine Phosphate Syrup
(Received)

313. Promethazine and Phenylephrine Hy-
drochlorides Syrup
(Received)

314. Promethazine Hydrochloride and Co-
deine Phosphate Oral Solution
(Received)

315. Promethazine Hydrochloride and Dex-
tromethorphan Hydrobromide Syrup
(Received)

316. Propafenone Hydrochloride Tablets 317. Pseudoephedrine Hydrochloride and
Brompheniramine Maleate Extended-Re-
lease Tablets

318. Pseudoephedrine Hydrochloride and Na-
proxen Sodium Extended-Release Tablets

319. Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Codeine
Phosphate Oral Solution

320. Pseudoephedrine Hydrochloride, Guai-
fenesin, and Codeine Phosphate Oral Solu-
tion

321. Pseudoephedrine Sulfate and Dexbrom-
pheniramine Maleate Extended-Release
Tablets

322. Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solution

323. Pseudoephedrine Sulfate, Dexbrom-
pheniramine Maleate, and Acetaminophen
Extended-Release Tablets

324. Pyrilamine Maleate Injection

325. Quinapril Hydrochloride and Hydro-
chlorothiazide Tablets

326. Quinidine Sulfate Injection 327. Ramipril Capsules
(Received)

328. Ranitidine Capsules 329. Rauwolfia Serpentina and Endroflu-
methiazide Tablets

330. Reserpine and Polythiazide Tablets

331. Rimantadine Hydrochloride Oral Solu-
tion

332. Risperidone Oral Solution
(Received)

333. Risperidone Orally Disintegrating
Tablets

334. Rivastigmine Tartrate Capsules
(Received)

335. Rivastigmine Tartrate Oral Solution
(Received)

336. Rocuronium Bromide Injection

337. Ropinirole Hydrochloride Tablets 338. Rosiglitazone Maleate Tablets 339. Salicylic Acid and Sulfur Cleansing Lo-
tion

340. Salicylic Acid and Sulfur Lotion 341. Salicylic Acid and Sulfur Shampoo 342. Salicylic Acid Cream

343. Salicylic Acid Ointment 344. Salmeterol Inhalation Aerosol 345. Salmeterol Xinafoate Inhalation Powder

346. Scopolamine Transdermal System 347. Selegiline Hydrochloride Capsules 348. Sertraline Hydrochloride Oral Solution

349. Sibutramine Hydrochloride Capsules 350. Sodium Bicarbonate and Sodium Ci-
trate for Oral Solution

351. Sodium Bicarbonate, Sodium Citrate,
and Sodium Tartrate for Oral Suspension

352. Sodium Iodide Injection 353. Sodium Phenylbutyrate Oral Powder 354. Sodium Phenylbutyrate Tablets

355. Sodium Phosphates for Oral Suspen-
sion

356. Sodium Phosphates Tablets 357. Sodium Salicylate and Sulfur Shampoo

358. Sterile Talc Aerosol 359. Streptozocin for Injection 360. Sucralfate Oral Suspension

361. Sulconazole Nitrate Cream 362. Sulfacetamide Sodium and Fluoro-
metholone Ophthalmic Suspension

363. Sulfacetamide Sodium and Prednisolone
Sodium Phosphate Ophthalmic Solution

364. Sulfasalazine Oral Suspension 365. Sulisobenzone Lotion 366. Sumatriptan Injection

367. Sumatriptan Tablets
(Received)

368. Tacrolimus Capsules
(Received)

369. Tacrolimus Injection

370. Tacrolimus Ointment 371. Tamsulosin Hydrochloride Capsules
(Received)

372. Technetium Tc 99m Teboroxime Injec-
tion

373. Tenofovir Disoproxil Fumarate
Tablets(Received)

374. Terazosin Capsules
(Received)

375. Terazosin Tablets
(Received)

376. Terbinafine Hydrochloride Cream 377. Terbinafine Tablets
(Received)

378. Terbinafine Topical Solution

379. Terconazole Vaginal Cream 380. Terconazole Vaginal Suppositories 381. Testosterone Transdermal Gel

382. Testosterone Transdermal System 383. Tetracycline Hydrochloride Periodon-
tal Fiber

384. Theophylline Extended-Release Tablets

385. Tioconazole Vaginal Ointment 386. Tiopronin Tablets 387. Tolnaftate Topical Aerosol Solution

388. Topiramate Capsules
(Received)

389. Topiramate Tablets
(Received)

390. Torsemide Injection

391. Torsemide Tablets
(Received)

392. Trandolapril and Verapamil Hydro-
chloride Extended-Release Tablets

393. Trandolapril Tablets

394. Tranexamic Acid Injection 395. Tranylcypromine Sulfate Tablets
(Received)

396. Tretinoin Capsules

397. Tretinoin Microsphere Gel 398. Triamcinolone Acetonide Nasal Sus-
pension

399. Trifluridine Ophthalmic Solution

400. Trimetrexate for Injection 401. Trimipramine Maleate Capsules 402. Triprolidine and Pseudoephedrine Hy-
drochlorides and Codeine Phosphate Syrup

403. Trolamine Salicylate Cream 404. Trolamine Salicylate Gel 405. Trolamine Salicylate Topical Emulsion

406. Undecylenic Acid Topical Foam Aero-
sol

407. Urea Cream 408. Vecuronium Bromide for Injection
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Small Molecules (Drug Products)—As of August 18, 2008 (Continued)

409. Venlafaxine Extended-Release Cap-
sules
(Received)

410. Venlafaxine Tablets
(Received)

411. Verapamil Hydrochloride Capsules

412. Verapamil Hydrochloride Extended-
Release Capsules

413. Voriconazole Injection 414. Voriconazole Oral Suspension

415. Voriconazole Tablets 416. Yttrium Y-90 Chloride Solution 417. Yttrium Y-90 Glass Microspheres

418. Yttrium Y-90 Microspheres Injection 419. Zaleplon Capsules 420. Zidovudine and Lamivudine Tablets
(Received)

421. Zinc Acetate Capsules 422. Zinc Tridosium Pentetate Injection 423. Ziprasidone Hydrochloride Capsules

424. Zoledronic Acid for Injection 425. Zonisamide Capsules
(Received)

Excipients—As of August 18, 2008

1. Acetone Sodium Bisulfite 2. Acetylated Monoglycerides 3. Aconitic Acid (Achilleic Acid)

4. Acrylic Acid–Octyl Acrylate Copolymer 5. Albumin Colloidal 6. Aliphatic Polyesters

7. Allantoin–Sodium Pyrrolidone Carbox-
ylate

8. Aluminum Ammonium Sulfate 9. Aluminum Lactate

10. Aluminum Oxide 11. Aluminum Potassium Sulfate 12. Aluminum Silicate

13. Aluminum Sodium Sulfate 14. Aluminum Stearate 15. Ammonium Bicarbonate

16. Ammonium Calcium Alginate 17. Ammonium Phosphate 18. Batylalcohol Monostearate

19. Beeswax, Synthetic 20. Benzododecinium Bromide 21. Benzyl Chloride

22. Benzyl Nicotinate 23. Beta Naphthol 24. Brominated Vegetable Oil

25. Butadiene–Styrene Rubber 26. Butylated Hydromethylphenol 27. Butylene Glycol

28. Butylphthalyl Butylglycolate 29. Calcium Acid Pyrophosphate 30. Calcium Alginate

31. Calcium Alginate and Ammonium Algi-
nate

32. Calcium Bromide 33. Calcium Chloride Solution

34. Calcium Phosphate, Monobasic 35. Calcium Propionate 36. Calcium Pyrophosphate

37. Calcium Sorbate 38. Calcium Stearoyl Lactylate 39. Caldiamide Sodium

40. Calteridol Calcium 41. Capric Acid 42. Caprylic/Capric Diglyceryl Succinate

43. Carbon 44. Carboxymethyl Starch 45. Carboxymethylamylopectin Sodium

46. Carboxymethylcellulose Potassium 47. Cetostearyl Isononanoate 48. Chlorodifluoroethane

49. Cholic Acid 50. Cinnamaldehyde 51. Cocamide Diethanolamine

52. Cocamide Oxide 53. Cocoyl Caprylocaprate 54. Crystal Gum

55. Cutina 56. Cystine 57. Dammar Gum

58. Decanoic Acid 59. Decyl Oleate 60. Desoxycholic Acid

61. Dextrin Palmitate 62. Dextrins Modified 63. Diacetyl Tartaric Acid Esters of Mono-
and Digoycerides

64. Dicetyl Phosphate 65. Dichlorofluoromethane 66. Diethyl Sebacate

67. Difluoroethane 68. Diglycol Stearate 69. Diisobutyl Adipate

70. Diisopropyl Adipate 71. Diisopropylbenzothiazyl-2-Sulfenamide 72. Dilauryl Thiodipropionate

73. Dimethyl Dicarbonate 74. Dimyristoyl Lecithin 75. Dimyristoyl Phosphatidylglycerol

76. Dipropylene Glycol 77. Disodium Edisylate 78. Disodium Guanylate

79. Disodium Inosinate 80. Disodium Monooleamide Sulfasucci-
nate

81. D-Mannose

82. Docusate Sodium/Sodium Benzoate 83. Erythrosine 84. Ethoxylated Mono- and Diglycerides

85. Ethoxyquin 86. Ethyl Hexanediol 87. Ethyl Linoleate

88. Ethyl Maltol
(Received)

89. Ethylene Dichloride 90. Ethylurea

91. Ferric Ammonium Citrate 92. Ferric Citrate 93. Ferric Oxide, Brown

94. Ferric Phosphate 95. Ferric Pyrophosphate 96. Ferrous Citrate

97. Ferrous Glycinate 98. Ferrous Lactate 99. Fluorochlorohydrocarbons

100. Formic Acid 101. Furcelleran 102. Gentistic Acid

103. Geraniol 104. Glutamic Acid Hydrochloride 105. Gluten

106. Glycerol Ester of Gum Rosin (Ester
Gum)

107. Glyceryl Laurate 108. Glyceryl Palmitate

109. Glyceryl Ricinoleate 110. Glyceryl Tristearate 111. Glycine Hydrochloride

112. Glycofurol 113. Glycol Stearate 114. Heptafluoropropane

115. Heptylparaben 116. Hexadecyl Isostearate 117. Hexane

118. Hexanetriol(-1,2,6-) 119. Hydrocarbon Gel 120. Hydroxyethylmethylcellulose

121. Hydroxylated Lecithin 122. Indigotine 123. Iron Carbonyl
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Excipients—As of August 18, 2008 (Continued)

124. Iron Subcarbonate 125. Isobutylated–Isoprene Copolymer 126. Isooctylacrylate

127. Isopropyl Isostearate 128. Isopropyl Stearate 129. Isostearic Acid

130. Isostearyl Alcohol 131. Lactobionic Acid
(Received)

132. Lactose Ferrin, Bovine

133. Lactylated Fatty Acid Esters of Glycer-
ol and Propylene Glycol

134. Lactylic Esters of Fatty Acids 135. Lanolin (Wool Fat), Hydrogenated

136. Lanolin Alcohols, Acetylated 137. Lanolin Hydrous 138. L-Ascorbyl Stearate

139. Lauramine Oxide 140. Lauric Myristic Diethanolamide 141. Lauric Acid

142. Lauric Diethanolamide 143. Lavender Oil 144. L-Cysteine Monohydrochloride

145. Lecithin, Hydroxylated 146. L-Glutamic Acid
(Received)

147. Linoleic Acid
(Received)

148. L-Leucine 149. Macrogol Sorbitan Tristearate 150. Macrogolglycerol Cocoates

151. Macrogolglycerol Triisostearate 152. Magnesium Aluminum Silicate Hy-
drate

153. Magnesium Aspartame Dihydrate

154. Magnesium Aspartate 155. Magnesium Phosphate Tribasic 156. Magnesium Phosphate, Diabasic, Trihy-
drate

157. Magnesium Tartrate 158. Malt Syrup 159. Maltitol Syrup

160. Maltol Isobutyrate 161. Manganese Chloride 162. Manganese Citrate

163. Manganese Glycerophosphate 164. Manganese Hypophosphite 165. Medical Antifoam Emulsion C

166. Medronate Disodium 167. Medronic Acid 168. Methyl Chloride

169. Methylchloroisothiazolinone 170. Methylisothiazolinone 171. Microcrystalline Cellulose, Silicified
(Received)

172. Mineral Spirits 173. Monoisostearyl Glyceryl Ester 174. Monopotassium Glutamate Monohy-
drate

175. Monosodium Citrate 176. Mullein Leaf 177. Myristyl Gamma–Picolinium Chloride

178. Myristyl Lactate 179. N,N-Bis(2-Hydroxyethyl)Stearamide 180. N-Acetyl-L-Methionine

181. Naphtha 182. N-Methylpyrrolidone
(Received)

183. Non-Pareil Seeds

184. Nutmeg Oil 185. Octanoic Acid 186. Oxystearin

187. Pentasodium Triphosphate 188. Pentetate Calcium Trisodium 189. Pentetate Pentasodium

190. Phenprobamate 191. Phenylmercuric Acetate 192. Phenylmercuric Nitrate

193. Pine Oil 194. Polacrilin 195. Polyglycerol Esters of Fatty Acids

196. Polyglycerol Polyricinoleic Acid 197. Polyoxyethylene Castor Oil (USP has
35)

198. Polyoxyl Stearate (USP has 40)

199. Polypropylene Oleate 200. Polypropylene Stearyl Ether 201. Polysorbate 65

202. Polyvinylacetal Diethylanoacetate 203. Polyvinylpolypyrrolidone 204. Polyvinylpyrrolidone Ethylcellulose

205. Potassium Acid Tartrate 206. Potassium Bromate 207. Potassium Carbonate Solution

208. Potassium Dichloroisocyanurate 209. Potassium Gibberellate 210. Potassium Glycerophospate

211. Potassium Iodate 212. Potassium Nitrite 213. Potassium Phosphate

214. Potassium Phosphate, Tribasic 215. Potassium Polymetaphosphate 216. Potassium Pyrophosphate

217. Potassium Stearate 218. Potassium Sulfate 219. Potassium Sulfite

220. Potassium Tripolyphosphate 221. Propyl Propionate 222. Propylene Glycol Diacetate

223. Propylene Glycol Mono- and Diesters 224. Rice Bran Wax 225. Rosin

226. Silicone 227. Sodium Acid Pyrophosphate 228. Sodium Aluminosilicate
(Received)

229. Sodium Aluminum Phosphate Acidic 230. Sodium Aluminum Phosphate Basic 231. Sodium Aspartate

232. Sodium Bisulfate 233. Sodium Bisulfite 234. Sodium Carbonate Hydrate

235. Sodium Carboxymethyl Betaglucan 236. Sodium Caseinate 237. Sodium Chlorate

238. Sodium Citrate, Dibasic 239. Sodium Citrate, Monobasic 240. Sodium Dehydroacetate

241. Sodium Diacetate 242. Sodium Erythorbate 243. Sodium Ferric Pyrophosphate

244. Sodium Ferrocyanide 245. Sodium Hypophosphite
(Received)

246. Sodium Laureth Sulfate

247. Sodium Lauroyl Sarcosinate 248. Sodium Lauryl Sulfoacetate 249. Sodium Magnesium Aluminosilicate

250. Sodium Magnesium Silicate 251. Sodium Malate 252. Sodium Metaphosphate, Insoluble

253. Sodium Metasilicate 254. Sodium Methylate 255. Sodium Polyphosphates Glassy

256. Sodium Potassium Tripolyphosphate 257. Sodium Pyrophosphate 258. Sodium Pyrrolidone Carboxylate

259. Sodium Sesquicarbonate 260. Sodium Sesquinoleate 261. Sodium Stearoyl Lactylate

262. Sodium Thiomalate 263. Sodium Trimetaphosphate 264. Sodium Trioleate

265. Sodium Tripolyphosphate 266. Soy Polysaccharides 267. Stannous Tartrate

268. Starch, Pregelatinized Corn 269. Starch, Pregelatinized Tapioca 270. Stearalkonium Chloride
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Excipients—As of August 18, 2008 (Continued)

271. Stearyl Citrate 272. Stearyl Monoglyceridyl Citrate 273. Succinylated Monoglycerides

274. Sucrose Acetate Isobutyrate 275. Sucrose Fatty Acid Esters 276. Sucrose Stearate
(Received)

277. Sugar Fruit Fine 278. Sulfobutyl Ether Beta Cyclodextrin
(Received)

279. Tallow

280. Tallow Glycerides 281. Tallow Oil 282. Tetrafluoroethane

283. Thioglycerol 284. Thyme Oil 285. Tribehenin

286. Triceteareth-4 Phosphate 287. Trichloroethylene 288. Trimyristin

289. Trisodium Citrate 290. Trolamine Lauryl Sulfate 291. Vegetable Oil

292. Wheat Flour 293. Wheat Germ Oil 294. Wheat Gluten
(Received)

295. Whey
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Standards
� New adopted (official) revisions to the USP–NF that become effective before the effective date of the next Supplement or that

were not ready for adoption by the closing date for the upcoming Supplement. (The effective date for these revisions is stated on the

next page.)

Readers should review this section to determine if they are affected by any of the changes.

Symbols—Proposed revisions are shown with language proposed for deletion or replacement crossed off. New text (if any) follows,

and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type (print edition only), as

shown in the examples below:

— .new text. if slated for an Interim Revision Announcement;
—

~

new text
~
if slated for USP 33–NF 28; and

— &new text& if slated for a Supplement to USP–NF

The same symbols not set off by an extra paragraph break and enclosing text with no increase in type size indicate recent revisions

that are already official. Where the symbols appear together with no enclosed text, such as . . or
&

& or
~

~
, it means that text has been

deleted and no new text was proposed to replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates

the particular IRA or Supplement or indicates the USP or NF as the publication where the revision will appear if approved. For

example, .2 indicates that the revision is proposed for the Interim Revision Announcement that will appear in issue 2 of a given

PF volume, &2S (USP32) indicates that the proposed revision is slated for the Second Supplement to USP 32, and
~USP33 and ~NF28

indicate that the revisions are proposed for USP 33 and NF 28, respectively.

Errata—At the end of the Interim Revision Announcement section is a list of errata and corrections to USP 31–NF 26. The page

number indicates where the item is found in USP–NF. If necessary, this list will be updated with every issue of PF. This information

will also be cumulative in future Supplements, and will appear in its corrected form in the next annual edition of USP–NF. Errata are

considered to be items erroneously published that have not received the approval of the Council of Experts and that do not reflect the

official requirement.
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INTERIM REVISION
ANNOUNCEMENT

to USP 31 and to NF 26

By authority of the United States Pharmacopeial Convention, Inc.
Prepared by the Council of Experts and published by the Board of Trustees

John W. Mauger, Chair
USP Board of Trustees

Roger L. Williams, Executive Vice President, CEO,
and Chairman, USP Council of Experts

Darrell R. Abernethy, M.D., Ph.D., Chief Science Officer
William F. Koch, M.D., Ph.D., Chief Metrology Officer

Released November 1, 2008 Official December 1, 2008

All inquiries and comments regarding USP 31 text and NF 26 text should be addressed to the Executive Secretariat, USP–NF,

12601 Twinbrook Parkway, Rockville, MD 20852 (execsec@usp.org).
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New USP Reference Standards

The following USP Reference Standards, which were not

available when the associated monograph was made official,

have since become available. The respective official date of

each USP 31 or NF 26 standard, test, or assay requiring the

use of the following USP Reference Standards is indicated

in parentheses after the name of the Reference Standard.

USP Diluted Isosorbide Mononitrate RS (May 1, 2008)
USP Flumazenil Related Compound C RS (March 1, 2008)
USP Mibolerone RS (November 1, 2008)
USP Narasin RS (November 1, 2008)
USP Near IR System Suitability RS (May 1, 2008)
USP Powdered St. John’s Wort Extract RS (November 1, 2008)
USP Pyrethrum Extract RS (March 1, 2008)
USP D9-Tetrahydrocannabinol RS (May 1, 2008)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 31 or NF 26 standards, tests,

or assays requiring the use of the following new USP Refer-

ence Standards are postponed until further notice pending

availability of the respective Reference Standards. This listing

was updated as of August 26, 2008. Please refer to the current

USP Catalog for a more up-to-date availability list. The USP

Catalog can be accessed on-line at http://www.uspcatalog.-

com.

USP 23-Epi-26-deoxyactein RS
USP Acarbose RS
USP Acarbose System Suitability Mixture RS
USP Actein RS
USP (S)-Adenosyl-L-homocysteine RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP Eucatropine Hydrochloride RS
USP Fludeoxyglucose Related Compound B RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Alpha Lipoic Acid RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Oleyl Oleate RS
USP Propylene Glycol Dilaurate RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin RS
USP Valrubicin Related Compound A RS
USP Vasopressin RS

# 2008 The United States Pharmacopeial Convention All Rights Reserved.
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MONOGRAPHS (USP)

Add the following:

.Carvedilol

C24H26N2O4 406.47
2-Propanol, 1-(9H-carbazol-4-yloxy)-3-[[2-(2-methoxyphenox-

y)ethyl]amino]-, (+)-.
(+)-1-Carbazol-4-yloxy)-3-[[2-(o-methoxyphenoxy)ethyl]amino]-

2-propanol [72956-09-3].

» Carvedilol contains not less than 98.0 percent to 102.0
percent of C24H26N2O4, calculated on the dried basis.

Packaging and storage—Preserve in tight containers, and store at
controlled room temperature.

Labeling—If a test for Related compounds by HPLC other than Test
1 is used, then the labeling states with which test the article
complies.
USP Reference standards h11i—USP Carvedilol RS. USP
Carvedilol Related Compound A RS. USP Carvedilol Related
Compound B RS. USP Carvedilol Related Compound C RS. USP
Carvedilol Related Compound D RS. USP Carvedilol Related
Compound E RS. USP Carvedilol System Suitability Mixture RS.
Identification—
A: Infrared Absorption h197Ki.
B: The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromatogram of
the Standard preparation, as obtained in the Assay.
Loss on drying h731i—Dry it at 1058 for 3 hours: it loses not more
than 0.5% of its weight.
Heavy metals, Method II h231i: not more than 0.001%.
Residue on ignition h281i: not more than 0.1%, using a 1-g
specimen.

Change to read:

Related compounds—[NOTE—On the basis of process related
impurities, perform either Test 1 or Test 2. Test 2 is recommended
when carvedilol related compound F is a potential impurity.]

TEST 1—
Buffer and Mobile phase—Proceed as directed in the Assay.
System suitability solution—Dissolve accurately weighed quan-

tities of USP Carvedilol RS and USP Carvedilol Related Compound
C RS in Mobile phase to obtain a solution having known
concentrations of about 0.05 mg of each per mL.
Standard solution—Dissolve accurately weighed quantities of

each of USP Carvedilol RS, USP Carvedilol Related Compound A
RS, USP Carvedilol Related Compound B RS, USP Carvedilol
Related Compound C RS, USP Carvedilol Related Compound D
RS, and USP Carvedilol Related Compound E RS, in Mobile phase,
to obtain a solution having known concentrations of about 0.001 mg
per mL of each of USP Carvedilol RS and USP Carvedilol Related
Compounds A, B, D, and E RS, and 0.2 mg per mL of USP
Carvedilol Related Compound C RS.

Test solution—Prepare a solution of Carvedilol in Mobile phase
having a concentration of about 1 mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a dual wavelength detector
(use 220 nm for quantitating carvedilol related compound E and 240
nm for carvedilol and all other related compounds) and a 4.6-mm
6 15-cm column that contains 5-mm packing L7. The flow rate is
about 1.0 mL per minute. The column temperature is maintained at
558. Chromatograph the System suitability solution, and record the
peak responses as directed for Procedure: the resolution, R, between
carvedilol and carvedilol related compound C is not less than 17.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of carvedilol related compounds A, B, C,
D, and E in the portion of Carvedilol taken by the formula:

100(CS /CU) (ri / rS)

in which CS is the concentration, in mg per mL, of each of the known
impurities in the Standard solution; CU is the concentration, in mg
per mL, of Carvedilol in the Test solution; ri is the peak response of
each impurity obtained from the Test solution; and rS is the peak
response of each impurity obtained from the Standard solution. To
calculate the percentage of any other impurities, for CS in the
formula, use the concentration of USP Carvedilol RS.

Table 1

Name

Relative
Retention
Time

Limit
(%)

Carvedilol related compound A1 0.52 0.1
Carvedilol related compound B2 8.5 0.1
Carvedilol 1.0 —
Carvedilol related compound C3 3.6 0.02
Carvedilol related compound D4 5.0 0.1
Carvedilol related compound E5 0.35 0.1
Any other individual impurity — 0.10

1 1-(4-(2-Hydroxy-3-(2-(2-methoxyphenoxy)ethylamino)propoxy)-9H-carba-
zol-9-yl)-3-(2-(2-methoxyphenoxy)ethylamino) propan-2-ol;
2 3,3’-(2-(2-Methoxyphenoxy)ethylazanediyl)bis(1-(9H-carbazol-4-yloxy)-
propan-2-ol).
3 1-(9H-Carbazol-4-yloxy)-3-(benzyl(2-(2-methoxyphenoxy)ethyl)amino)-
propan-2-ol.
4 4-(Oxiran-2-ylmethoxy)-9H-carbazole.
5 2-(2-Methoxyphenoxy)ethyl amine.

In addition to not exceeding the limits for impurities in Table 1, not
more than 0.5% of total impurities is found. [NOTE—Disregard any
impurity less than 0.01%, calculated using the Standard solution.]

TEST 2—

Solution A: a mixture of acetonitrile and trifluoroacetic acid
(100 : 0.1).
Solution B: a mixture of water and trifluoroacetic acid

(100 : 0.1).
Diluent: a mixture of water, acetonitrile, and trifluoroacetic acid

(78 : 22 : 0.1).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed under Chromatographic system. Make adjustments if
necessary (see System Suitability under Chromatography h621i).

System suitability solution—Dissolve an accurately weighed
quantity of USP Carvedilol System Suitability Mixture RS in
Diluent to obtain a solution having a known concentration of 1.0 mg
per mL.
Test solution—Prepare a solution of Carvedilol in Diluent having a

known concentration of about 1 mg per mL.
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Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 240-nm detector and a
4.6-mm 6 15-cm column that contains 5-mm packing .L68..6 The
flow rate is about 1.4 mL per minute. The column temperature is
maintained at 308. The chromatograph is programmed as follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0–20 22 78 isocratic
20–33 22?38 78?62 linear gradient
33–45 38 62 isocratic
45–55 38?55 62?45 linear gradient
55–65 55 45 isocratic
65–68 55?22 45?78 linear gradient
68–80 22 78 re-equilibration

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the resolution, R, between
carvedilol and carvedilol related compound F is not less than 1.8.

Procedure—Inject about 20 mL of the Test solution into the
chromatograph, record the chromatogram, and measure the peak
responses. Calculate the percentage of carvedilol related compounds
in the portion of Carvedilol taken by the formula:

100(ri / rs)

in which ri is the peak response of each impurity obtained from the
Test solution; and rs is the sum of the peak responses of all the peaks
obtained from the Test solution. The relative retention times and the
limits of the individual impurities are provided in Table 2.

Table 2

Name

Relative
Retention
Time

Limit
(%)

Carvedilol related compound F1 1.2 0.1*
Carvedilol related compound C2 1.8 0.02
Carvedilol 1.0 —
N,O-Bis-carvedilol3 0.7 0.1
N,N-Bis-carvedilol4 2.1 0.1
N-Isopropylcarvedilol5 1.6 0.1
Biscarbazole6 3 0.1
Any other individual impurity — 0.1

1 1-(2-(2-Methoxyphenoxy)ethylamino)-3-(6,7,8,9-tetrahydro-5H-carbazol-
4-yloxy)propan-2-ol.
2 1-(9H-Carbazol-4-yloxy-3-benzyl[[2-(2-methoxyphenoxy)ethyl]amino]-2-
propanol.
3 1-[9-[3-[2-(2-Methoxyphenoxy)ethylamino]-2-hydroxypropyl]-9H-carba-
zol-4-yloxy]-3-[2-(2-methoxyphenoxy)ethylamino]-2-propanol.
4 1,1’-[2-(2-Methoxyphenoxy)ethyl]iminobis [3(9-H-carbazol-4-yloxy)]-2-
propanol.
5 1-(H-Carbazol-4-yloxy)-3-[[2-(2-methoxyphenoxy)ethyl]N-isopropylami-
no]-2-propanol.
6 1,3-Bis-(9H-carbazol-4-yloxy)-2-propanol.
* This impurity is quantitated using the test for Limit of carvedilol related
compound F.

In addition to not exceeding the limits for impurities in Table 2, not
more than 0.5% of total impurities is found.

Limit of carvedilol related compound F (if present)—
Solution A: a mixture of water and trifluoroacetic acid

(100 : 0.5).
Solution B: a mixture of methanol and trifluoroacetic acid

(100 : 0.5).
Mobile phase—Prepare a filtered and degassed mixture of

Solution A and Solution B (65 : 35).
Diluent—Prepare a mixture of water and acetonitrile (1 : 1).
System suitability solution—Dissolve an accurately weighed

quantity of USP Carvedilol System Suitability Mixture RS in
Diluent to obtain a solution containing 1.5 mg per mL.
Test solution—Accurately weigh a known quantity of Carvedilol

into a suitable volumetric flask, and add about 1.9 mL of Diluent per
mg of the Carvedilol. Sonicate briefly to dissolve. This solution has a
known concentration of about 1.5 mg of Carvedilol per mL.

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 226-nm detector and a
4.6-mm 6 30-cm column that contains 3-mm packing L7. The flow
rate is about 2 mL per minute. The column temperature is maintained
at 408. Chromatograph the System suitability solution, and record the
peak responses as directed for Procedure: the resolution, R, between
carvedilol and carvedilol related compound F is not less than 2.0.
Procedure—Inject about 10 mL of the Test solution into the

chromatograph, record the chromatogram, and measure the peak
responses. Calculate the percentage of carvedilol related compound
F in the portion of Carvedilol taken by the formula:

(100/F)(ri / rs)

in which ri is the peak response of carvedilol related compound F
obtained from the Test solution; rs is the sum of the peak responses
of carvedilol and carvedilol related compound F obtained from the
Test solution; and F is the relative response factor equal to 1.1.
Assay—
Buffer—Dissolve 2.72 g of monobasic potassium phosphate,

accurately weighed, in 1000 mL of water, and adjust with dilute
phosphoric acid to a pH of 2.0.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

and acetonitrile (69 : 31). Make adjustments if necessary (see System
Suitability under Chromatography h621i).
System suitability solution—Dissolve accurately weighed quan-

tities of USP Carvedilol RS and USP Carvedilol Related Compound
A RS in Mobile phase to obtain a solution having known
concentrations of about 0.05 mg of each per mL.
Standard preparation—Dissolve an accurately weighed quantity

of USP Carvedilol RS in Mobile phase to obtain a solution having a
known concentration of about 0.04 mg per mL.
Assay preparation—Transfer an accurately weighed quantity of

about 20 mg of Carvedilol to a 100-mL volumetric flask, dissolve in
and dilute with Mobile phase to volume, and mix. In a standardized
volumetric flask transfer 10 mL of this solution, and further dilute
with Mobile phase to 50 mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 240-nm detector and a
4.6-mm 6 15-cm column that contains 5-mm packing L7. The flow
rate is about 1.0 mL per minute, and the run time is about 60
minutes. The column temperature is maintained at 558. Chromato-
graph the System suitability solution, and record the peak responses
as directed for Procedure: the resolution, R, between carvedilol and
carvedilol related compound A is not less than 4.0; the tailing factor
for carvedilol is not more than 1.5; and the relative standard
deviation for replicate injections is not more than 2%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the peak responses.
Calculate the percentage of C24H26N2O4 in the portion of Carvedilol
taken by the formula:

100(CS /CU) (rU / rS)

in which CS is the concentration, in mg per mL, of USP Carvedilol
RS in the Standard preparation; CU is the concentration, in mg per
mL, of Carvedilol in the Assay preparation; and rU and rS are the
peak responses obtained from the Assay preparation and the
Standard preparation, respectively..5
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Estradiol and Norethindrone Acetate
Tablets

Add the following:

.Uniformity of dosage units h905i: meet the requirements..6

Change to read:

Chromatographic purity—
Solution A—Prepare a mixture of water and tetrahydrofuran

(200 : 1).
Solution B—Prepare a degassed solution of acetonitrile, water, and

tetrahydrofuran (160 : 40 : 1).
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments, if
necessary (see System Suitability under Chromatography h621i).
Diluent—Prepare a mixture of water and dehydrated alcohol

(1 : 1).
System suitability solution—Dissolve accurately weighed quan-

tities of USP Estradiol RS, USP Norethindrone Acetate RS, and USP
Estrone RS in Diluent to obtain a solution having known
concentrations of about 240 mg per mL, 60 mg per mL, and 1 mg
per mL, respectively.
Estradiol standard stock solution—Dissolve an accurately

weighed quantity of USP Estradiol RS in alcohol to obtain a
solution having a known concentration of about 250 mg of estradiol
per mL.
Norethindrone acetate standard stock solution—Dissolve an

accurately weighed quantity of USP Norethindrone Acetate RS in
alcohol to obtain a solution having a known concentration of about
150 mg of norethindrone acetate per mL.
Standard solution—Combine 250 mL of Estradiol standard stock

solution and 100 mL of Norethindrone acetate standard stock
solution, and dilute with 50.0 mL of Diluent.
Test solution—Accurately weigh and finely powder 20 Tablets.

Transfer the equivalent of 12 Tablets to an appropriate flask, and
dissolve in a known volume of Diluent to obtain a solution having
known concentrations of about 240 mg of estradiol per mL and 120
mg of norethindrone acetate per mL. Filter the solution, if necessary.
Chromatographic system—The liquid chromatograph is equipped

with a dual wavelength detector (235 nm and 254 nm) and a 3.9-mm
6 30-cm column that contains 4-mm packing L1. The flow rate is
about 0.8 mL per minute. The chromatograph is programmed as
follows.

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 80 20 equilibration
0–2 80?65 20?35 linear gradient
2–35 65?20 35?80 linear gradient
35–49 20 80 isocratic
49–50 20?80 80?20 linear gradient
50–60 80 20 isocratic

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the relative retention times are
about 1.4 for estrone, about 3.0 for norethindrone acetate, and 1.0 for
estradiol; and the resolution, R, between estrone and estradiol is not
less than 1.3, measured at 254 nm.
Procedure—Separately inject equal volumes (about 100 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses.
Calculate the percentage of any estradiol impurity in the portion of
Tablets taken by the formula:

100F(CS /CT)(ri / rS)

in which F is the relative response factor of any estradiol impurity
relative to estradiol; CS and CT are the concentrations of the Standard
solution and the Test solution, respectively; ri is the peak area at 235
nm for each impurity obtained from the Test solution; and rS is the
peak area at 235 nm obtained from the Standard solution. .

.6
Calculate the percentage of any norethindrone acetate related
impurities in the portion of Tablets taken by the formula:

100F(CS /CT) (ri / rS)

in which F is the relative response factor of any norethindrone
acetate related impurity relative to norethindrone acetate; CS and CT

are the concentrations of the Standard solution and the Test solution,
respectively; ri is the peak area at 254 nm for each impurity obtained
from the Test solution; and rS is the peak area at 254 nm obtained
from the Standard solution. .The Tablets meet the requirements
given in either Table 1 or Table 2.

Table 1. Tablets Labeled as Containing 1 mg Estradiol and 0.5
mg Norethindrone Acetate

Compound

Relative
Retention
Time

Relative
Response
Factor Limit (%)

ESTRADIOL RELATED
IMPURITIES

6-a Hydroxy-estradiol about 0.47 1.0 1.0
6-b Hydroxy-estradiol about 0.51 1.0 1.0
6-Keto estradiol about 0.62 1.0 1.0
6-Dehydro estradiol about 0.95 1.0 1.0
Estradiol 1.0 — —
Any other single estradiol

related impurity
— 1.0 0.5

Total estradiol related
impurities

— — 2.0

NORETHINDRONE ACETATE
RELATED IMPURITIES

6-b Hydroxy-norethin-
drone acetate

about 0.58 1.0 1.0

Norethindrone about 0.66 1.0 1.0
6-Keto-norethindrone

acetate
about 0.79 1.8 1.0

6-Dehydro-norethindrone
acetate

about 0.97 2.2 1.0

Norethindrone acetate 1.0 — —
Any other single norethin-

drone acetate related
impurity

— 1.0 0.5

Total norethindrone acetate
related impurities

— — 2.0

Interim
R

evision
A

nnouncem
ent

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(6) [Nov.–Dec. 2008] INTERIM REVISION ANNOUNCEMENT 1401



Table 2. Tablets Labeled as Containing 0.5 mg Estradiol and 0.1
mg Norethindrone Acetate

Compound

Relative
Retention
Time

Relative
Response
Factor Limit (%)

ESTRADIOL RELATED
IMPURITIES

6-b Hydroxy-estradiol about 0.51 1.0 1.0
Estradiol 1.0 — —
Any other single estradiol
related impurity

— 1.0 1.0

Total estradiol related
impurities

— — 2.5

NORETHINDRONE ACETATE
RELATED IMPURITIES

6-b Hydroxy-norethin-
drone acetate

about 0.58 1.0 1.5

Norethindrone about 0.66 1.0 1.0
6-Keto-norethindrone
acetate

about 0.79 1.8 2.5

6-Dehydro-norethindrone
acetate

about 0.97 2.2 1.0

Norethindrone acetate 1.0 — —
Any other single norethin-
drone acetate related
impurity

— 1.0 1.0

Total norethindrone acetate
related impurities

— — 4.0

.6

Change to read:

Assay—
Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and water (55 : 45) (see Chromatography h621i).
Diluent—Prepare a mixture of water and dehydrated alcohol

(1 : 1).
Estrone standard stock solution—Transfer about 6.00 mg of USP

Estrone RS, accurately weighed, to a 50-mL volumetric flask, and
dissolve in 10 mL of dehydrated alcohol. Dilute with dehydrated
alcohol to volume, and mix.
Estradiol standard stock solution—Prepare a solution of USP

Estradiol RS in dehydrated alcohol having a known concentration of
0.25 mg per mL.
Norethindrone acetate standard stock solution—Prepare a solution

of USP Norethindrone Acetate RS in dehydrated alcohol having a
known concentration of 0.15 mg per mL.
Resolution solution—Transfer 800 mL of Estradiol standard stock

solution, 600 mL of Norethindrone acetate standard stock solution,
and 200 mL of Estrone standard stock solution to a suitable flask
containing 10.0 mL of Diluent.
Standard preparation—Prepare a solution of Estradiol standard

stock solution and Norethindrone acetate standard stock solution in
Diluent having an accurately known concentration of about 20 mg
per mL and 10 mg per mL, respectively.
Assay preparation—Add 12 Tablets into a measured amount of

Diluent to obtain a solution having an estradiol concentration of
about 20 mg per mL and a norethindrone acetate concentration of
about 10 mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a .dual wavelength (254
nm/280 nm) or equivalent UV.6 detector and a 4.6-mm 6 15-cm
column that contains packing L1. The flow rate is about 1.0 mL per
minute. Perform an investigational run to determine the retention
times for estradiol and norethindrone acetate. Thus, the absorption of
estradiol at 280 nm and norethindrone acetate at 254 nm can be
included in a single run by altering the wavelength. Chromatograph
the Resolution solution, and record the peak areas as directed for
Procedure: the resolution, R, between estradiol and estrone acetate is
not less than 1.8. Chromatograph the Standard preparation, and
record the peak area as directed for Procedure: the relative standard
deviation for replicate injections is not more than 3%.

Procedure—Separately inject equal volumes (about 50 mL) of the
Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the areas for the
estradiol and norethindrone acetate peaks. Calculate the quantity, in
mg, of estradiol (C18H24O2) in each of the Tablets taken by the
formula:

(VC/12)(rU / rS)

in which V is the volume, in mL, of Diluent taken to prepare the
Assay preparation; C is the concentration, in mg per mL, of USP
Estradiol RS in the Standard preparation; and rU and rS are the peak
areas obtained from the Assay preparation and the Standard
preparation, respectively. Calculate the quantity, in mg, of
norethindrone acetate (C22H28O3) in each of the Tablets taken by
the formula:

(VC/12)(rU / rS)

in which V is the volume, in mL, of Diluent used in the Assay
preparation; C is the concentration, in mg per mL, of USP
Norethindrone Acetate RS in the Standard preparation; and rU and rS
are the peak areas obtained from the Assay preparation and the
Standard preparation, respectively.

Glipizide Tablets

Add the following:

.Labeling—When more than one Dissolution test is given, the
labeling states the test used only if Test 1 is not used..6

Change to read:

Dissolution h711i—

.TEST 1—.6
Medium: simulated intestinal fluid TS (without pancreatin); 900

mL.
Apparatus 2: 50 rpm.
Time: 45 minutes.
Determine the amount of C21H27N5O4S dissolved from UV

absorbances at the wavelength of maximum absorbance at about
276 nm of filtered portions of the solution under test, in comparison
with a Standard solution having a known concentration of USP
Glipizide RS in the same medium.
Tolerances—Not less than 80% (Q) of the label claim of

C21H27N5O4S is dissolved in 45 minutes.
.TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.
Medium: simulated intestinal fluid TS (without pancreatin), with

pH adjusted to pH 7.5+ 0.1 with 0.2N sodium hydroxide; 900 mL.
Apparatus 2 and Time—Proceed as directed under Test 1.
Determine the amount of C21H27N5O4S dissolved from UV

absorbances at the wavelength of maximum absorbance at about
276 nm of filtered portions of the solution under test, in comparison
with a Standard solution having a known concentration of USP
Glipizide RS in the same medium.
Tolerances—Not less than 80% (Q) of the label claim of

C21H27N5O4S is dissolved in 45 minutes..6
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Metformin Hydrochloride Extended-
Release Tablets

Change to read:

Dissolution h711i—
TEST 1—
Medium: pH 6.8 phosphate buffer prepared by dissolving 6.8 g

of monobasic potassium phosphate in 1000 mL of water and
adjusting with 0.2N sodium hydroxide to a pH of 6.8+ 0.1; 1000
mL.
Apparatus 2: 100 rpm, for Tablets labeled to contain 500 mg.
Apparatus 1: 100 rpm, for Tablets labeled to contain 750 mg.
Times: 1, 3, and 10 hours.
Procedure—Determine the amount of C4H11N5 �HCl dissolved by

UV absorption at the wavelength of maximum absorbance at about
232 nm on portions of the solution under test passed through a 0.45-
mm hydrophilic polyethylene filter, suitably diluted with Medium, if
necessary, in comparison with a Standard solution having a known
concentration of USP Metformin Hydrochloride RS in the same
Medium. Calculate the amount of metformin hydrochloride
(C4H11N5 �HCl), in percentage, released at each time point by the
formula:

in which C is the concentration, in mg per mL, of the Standard
solution; AU and AS are the absorbances of the solution under test and
the Standard solution, respectively; V is the initial volume, in mL, of
Medium in the vessel; VS is the volume, in mL, withdrawn from the
vessel for previous samplings; C60 is the concentration, in mg per
mL, of metformin hydrochloride in the Medium determined at
1 hour; C180 is the concentration, in mg per mL, of metformin
hydrochloride in the Medium determined at 3 hours; 100 is the
conversion factor to percentage; and L is the Tablet label claim, in
mg.
Tolerances—The percentages of the labeled amount of

C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

Time
(hours)

500-mg Tablet,
Amount dissolved

750-mg Tablet,
Amount dissolved

1 between 20% and 40% between 22% and 42%
3 between 45% and 65% between 49% and 69%
10 not less than 85% not less than 85%

TEST 2—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 2.
Medium: Prepare as directed for Medium in Test 1; 1000 mL.
Apparatus 2: 100 rpm.
Times: 1, 2, 6, and 10 hours.
Procedure—Determine the amount of C4H11N5 �HCl dissolved by

UV absorption at the wavelength of maximum absorbance at about
232 nm on portions of the solution under test passed through a 0.45-
mm polyethylene filter, suitably diluted with Medium, if necessary, in
comparison with a Standard solution having a known concentration
of USP Metformin Hydrochloride RS in the sameMedium. Calculate
the content of metformin hydrochloride (C4H11N5 �HCl), Ct, in mg
per mL, in the Medium at each time point, t, by the formula:

in which AU and AS are the absorbances of the solution under test and
the Standard solution, respectively; CS is the concentration of

metformin hydrochloride, in mg per mL, in the Standard solution;
and DU is the dilution factor of the solution under test. Calculate the
percentage of metformin hydrochloride (C4H11N5 �HCl) dissolved at
each time point by the following formulas:
Percentage dissolved at the first time point (1 hour):

in which C1 is the content of metformin hydrochloride, in mg per
mL, in the Medium at the first time interval; 1000 is the volume, in
mL, of Medium; 100 is the conversion factor to percentage; and L is
the Tablet label claim, in mg.
Percentage dissolved at the second time point (2 hours):

in which C2 is the content of metformin hydrochloride, in mg per
mL, in the Medium at the second time interval; 1000 is the volume,
in mL, of Medium; SV1 is the volume, in mL, of the sample
withdrawn at 1 hour; C1 is the content of metformin hydrochloride,
in mg per mL, in the Medium at 1 hour; 100 is the conversion factor
to percentage; and L is the Tablet label claim, in mg.
Percentage dissolved at the nth time point:

in which Cn is the content of metformin hydrochloride, in mg per
mL, in the Medium at the nth time interval; n is the time interval of
interest; SV is the volume, in mL, of sample withdrawn at each time
interval; C1, C2, C3, . . . Cn–1 is the content of metformin
hydrochloride, in mg per mL, in the Medium at each time interval;
100 is the conversion factor to percentage; and L is the Tablet label
claim, in mg.
Tolerances—The percentages of the labeled amount of

C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

Time (hours) Amount dissolved
1 between 20% and 40%
2 between 35% and 55%
6 between 65% and 85%
10 not less than 85%

TEST 3—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 3.
Medium, Apparatus, and Procedure—Proceed as directed for Test

1.
Times: 1, 2, 5, and 12 hours for Tablets labeled to contain 500

mg; and 1, 3, and 10 hours for Tablets labeled to contain 750 mg.
Procedure—Determine the amount of C4H11N5 �HCl dissolved by

UV absorption at the wavelength of maximum absorbance at about
232 nm on portions of the solution under test passed through a 0.45-
mm hydrophilic polyethylene filter, suitably diluted with Medium, if
necessary, in comparison with a Standard solution having a known
concentration of USP Metformin Hydrochloride RS in the same
Medium. Calculate the amount of metformin hydrochloride
(C4H11N5 �HCl), in percentage, released at each time point by the
formula:
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in which C is the concentration, in mg per mL, of the Standard
solution; AU and AS are the absorbances of the solution under test and
the Standard solution, respectively; V is the initial volume, in mL, of
Medium in the vessel; VS is the volume, in mL, withdrawn from the
vessel for previous samplings; C60 is the concentration, in mg per
mL, of metformin hydrochloride in the Medium determined at
1 hour; C120 is the concentration, in mg per mL, of metformin
hydrochloride in the Medium determined at 2 hours; C300 is the
concentration, in mg per mL, of metformin hydrochloride in the
Medium determined at 5 hours; 100 is the conversion factor to
percentage; and L is the Tablet label claim, in mg.
Tolerances—The percentages of the labeled amount of

C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

FOR TABLETS LABELED TO CONTAIN 500 MG:

Time (hours) Amount dissolved
1 between 20% and 40%
2 between 35% and 55%
5 between 60% and 80%
12 not less than 85%

FOR TABLETS LABELED TO CONTAIN 750 MG:

Time (hours) Amount dissolved
1 between 22% and 42%
3 between 49% and 69%
10 not less than 85%

TEST 4—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 4.
Medium: Prepare as directed for Medium in Test 1; 1000 mL.
Apparatus 2: 100 rpm.
Times: 1, 3, 6, and 10 hours.
Procedure—Determine the amount of C4H11N5 �HCl dissolved by

UV absorption at the wavelength of maximum absorbance at about
250 nm (shoulder) on portions of the solution under test passed
through a 0.45-mm polyethylene filter, suitably diluted with Medium,
if necessary, in comparison with a Standard solution having a known
concentration of USP Metformin Hydrochloride RS in the same
Medium. Calculate the content of metformin hydrochloride
(C4H11N5 �HCl), Ct, in mg per mL, in the Medium at each time
point, t, by the formulas specified in Test 2.
Tolerances—The percentages of the labeled amount of

C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

Time (hours) Amount dissolved
1 between 20% and 40%
3 between 45% and 65%
6 between 65% and 85%
10 not less than 85%

TEST 5—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 5.
Medium: pH 6.8 phosphate buffer prepared by dissolving 6.8 g

of monobasic potassium phosphate in 1000 mL of water and
adjusting with 0.2N sodium hydroxide to a pH of 6.8+ 0.1; 900
mL, deaerated.

Apparatus 1: 100 rpm, with the vertical holder described below.
Times: 2, 8, and 16 hours.
Procedure—Place a vertical sample holder into each basket (see

Figures 1 and 2). Place one Tablet inside the sample holder, making
sure that the Tablets are vertical at the bottom of the baskets.
Determine the amount of C4H11N5 �HCl dissolved by UV absorption
at the wavelength of maximum absorbance at about 250 nm on
portions of the solution under test passed through a 0.45-mm
polyethylene filter, suitably diluted with Medium, if necessary, in
comparison with a Standard solution having a known concentration
of USP Metformin Hydrochloride RS in the sameMedium. Calculate
the content of metformin hydrochloride (C4H11N5 �HCl), Ct, in mg
per mL, in the Medium at each time point, t, by the formulas
specified in Test 2.
Tolerances—The percentages of the labeled amount of

C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

Time
(hours)

500-mg Tablet,
Amount dissolved

1000-mg Tablet,
Amount dissolved

2 not more than 30% not more than 30%
8 between 60% and 85% between 65% and 90%
16 not less than 90% not less than 90%

TEST 6—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 6.
Medium: pH 6.8 phosphate buffer prepared by dissolving 6.8 g

of monobasic potassium phosphate in 1000 mL of water and
adjusting with 0.2N sodium hydroxide to a pH of 6.8+ 0.05; 1000
mL, deaerated.
Apparatus 2: 100 rpm, with USP sinker, if necessary.
Procedure—Determine the amount of C4H11N5 �HCl dissolved by

UV absorption at the wavelength of maximum absorbance at about
233 nm on portions of the solution under test passed through a 0.45-
mm hydrophilic polyethylene filter, suitably diluted with Medium, if
necessary, in comparison with a Standard solution having a known
concentration of USP Metformin Hydrochloride RS in the same
Medium. Calculate the amount of metformin hydrochloride
(C4H11N5 �HCl), in percentage, released at each time point by the
formula:

in which C is the concentration, in mg per mL, of the Standard
solution; AU and AS are the absorbances of the solution under test and
the Standard solution, respectively; V is the initial volume, in mL, of
Medium in the vessel; VS is the volume, in mL, withdrawn from the
vessel for previous samplings; C60 is the concentration, in mg per
mL, of metformin hydrochloride in the Medium determined at
1 hour; C180 is the concentration, in mg per mL, of metformin
hydrochloride in the Medium determined at 3 hours; C600 is the
concentration, in mg per mL, of metformin hydrochloride in the
Medium determined at 10 hours; 100 is the conversion factor to
percentage; and L is the Tablet label claim, in mg.
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Tolerances—The percentages of the labeled amount of
C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

Time
(hours)

500-mg Tablet,
Amount dissolved

750-mg Tablet,
Amount dissolved

1 between 20% and 40% between 20% and 40%
3 between 45% and 65% between 45% and 65%
10 not less than 85% not less than 85%

TEST 7—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 7.
Medium—Prepare as directed for Medium in Test 1; 1000 mL.

Apparatus 2: 50 rpm, with USP sinker, for Tablets labeled to
contain 500 mg.
Apparatus 1: 100 rpm, for Tablets labeled to contain 750 mg.
Times: 1, 3, and 10 hours.
Procedure—Determine the amount of C4H11N5 �HCl dissolved by

UV absorption at the wavelength of maximum absorbance at about
232 nm on portions of the solution under test passed through a
suitable 0.45-mm filter, suitably diluted with Medium, if necessary, in
comparison with a Standard solution having a known concentration

Figure 1
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of USP Metformin Hydrochloride RS in the same Medium. Calculate
the amount of metformin hydrochloride (C4H11N5 �HCl), in percent-
age, released at each time point by the formula:

in which C is the concentration, in mg per mL, of the Standard
solution; AU and AS are the absorbances of the solution under test and
the Standard solution, respectively; V is the initial volume, in mL, of
Medium in the vessel; VS is the volume, in mL, withdrawn from the
vessel for previous samplings; C60 is the concentration, in mg per
mL, of metformin hydrochloride in the Medium determined at
1 hour; C180 is the concentration, in mg per mL, of metformin
hydrochloride in the Medium determined at 3 hours; C600 is the

concentration, in mg per mL, of metformin hydrochloride in the
Medium determined at 10 hours; 100 is the conversion factor to
percentage; and L is the Tablet label claim, in mg.
Tolerances—The percentages of the labeled amount of

C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

Time
(hours)

500-mg Tablet,
Amount dissolved

750-mg Tablet,
Amount dissolved

1 between 20% and 40% between 20% and 40%
3 between 45% and 65% between 40% and 60%
10 not less than 85% not less than 80%

Figure 2
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TEST 8—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 8.
Medium—Prepare as directed for Medium in Test 1; 1000 mL.
Apparatus 2: 100 rpm, with sinker, for Tablets labeled to

contain 500 mg.
Apparatus 1: 100 rpm, for Tablets labeled to contain 750 mg.
Times: 1, 2, 6, and 10 hours.
Procedure—Determine the amount of C4H11N5 �HCl dissolved by

UV absorption at the wavelength of maximum absorbance at about
232 nm on portions of the solution under test passed through a
suitable 0.45-mm filter, suitably diluted with Medium, if necessary, in
comparison with a Standard solution having a known concentration
of USP Metformin Hydrochloride RS in the sameMedium. Calculate
the amount of metformin hydrochloride (C4H11N5 �HCl), in percent-
age, released at each time point by formula (1), in which C is the
concentration, in mg per mL, of the Standard solution; AU and AS are
the absorbances of the solution under test and the Standard solution,
respectively; V is the initial volume, in mL, of Medium in the vessel;
VS is the volume, in mL, withdrawn from the vessel for previous
samplings; C60 is the concentration, in mg per mL, of metformin
hydrochloride in the Medium determined at 1 hour; C120 is the
concentration, in mg per mL, of metformin hydrochloride in the
Medium determined at 2 hours; C360 is the concentration, in mg per
mL, of metformin hydrochloride in the Medium determined at
6 hours; C600 is the concentration, in mg per mL, of metformin
hydrochloride in the Medium determined at 10 hours; 100 is the
conversion factor to percentage; and L is the tablet label claim, in
mg.
Tolerances—The percentages of the labeled amount of

C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

Time
(hours)

500-mg Tablet,
Amount dissolved

750-mg Tablet,
Amount dissolved

1 between 20% and 40% between 20% and 40%
2 between 30% and 50% between 35% and 55%
6 between 65% and 85% between 75% and 95%
10 not less than 85% not less than 85%

.TEST 9—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 9.
Medium: 0.05M phosphate buffer, pH 6.8; 1000 mL.
Apparatus 2: 100 rpm.
Times: 1, 5, 12, and 20 hours for Tablets labeled to contain 500

mg; and 1, 4, 10, and 24 hours for Tablets labeled to contain 750 mg.
Standard solution—Transfer about 50 mg, accurately weighed, of

USP Metformin Hydrochloride RS to a 100-mL volumetric flask,
and dissolve in and dilute with Medium to volume.
Test solution—Pass a portion of the solution under test through a

filter having a porosity of 0.45 mm.

Procedure—Determine the amount of C4H11N5 �HCl dissolved by
UV absorption at the wavelength of maximum absorbance at about
232 nm on portions of the Test solution in comparison with the
Standard solution, using a 0.01-cm flow cell and Medium as the
blank. Calculate the amount of metformin hydrochloride
(C4H11N5 �HCl), in percentage, released at each time point by the
formula (2), in which C is the concentration, in mg per mL, of the
Standard solution; AU and AS are the absorbances of the Test solution
and the Standard solution, respectively; V is the initial volume, in
mL, of Medium in the vessel; VS is the volume, in mL, withdrawn
from the vessel for previous samplings; C1 is the concentration, in
mg per mL, of metformin hydrochloride in Medium determined at
the first timepoint; C2 is the concentration, in mg per mL, of
metformin hydrochloride in Medium determined at the second
timepoint; C3 is the concentration, in mg per mL, of metformin
hydrochloride in Medium determined at the third timepoint; C4 is the
concentration, in mg per mL, of metformin hydrochloride in Medium
determined at the fourth timepoint; 100 is the conversion factor to
percentage; and L is the Tablet label claim, in mg.
Tolerances—The percentages of the labeled amount of

C4H11N5 �HCl dissolved at the times specified conform to Accep-
tance Table 2.

FOR TABLETS LABELED TO CONTAIN 500 MG:

Time
(hours) Amount dissolved

1 between 20% and 40%
5 between 45% and 65%
12 between 70% and 90%
20 not less than 85%

FOR TABLETS LABELED TO CONTAIN 750 MG:

Time
(hours) Amount dissolved

1 between 20% and 45%
4 between 45% and 70%
10 between 70% and 95%
24 not less than 85%

.6
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Norgestimate and Ethinyl Estradiol
Tablets

Change to read:

Assay—
Mobile phase—Prepare a degassed mixture of water, tetrahydro-

furan, and methanol (13 : 5 : 2). Make adjustments if necessary (see
System Suitability under Chromatography h621i).
Internal standard solution—Dissolve an accurately weighed

quantity of dibutyl phthalate in methanol to obtain a solution
having a concentration of about 0.05 mg per mL.
Standard preparation—.Dissolve accurately weighed quantities of

USP Ethinyl Estradiol RS and USP Norgestimate RS in a volume of
Internal standard solution equivalent to 80% of the final volume.
Add a volume of water equivalent to 20% of the final volume, and
mix to obtain a solution having a known concentration of about 7 mg
per mL of ethinyl estradiol and a known concentration of
norgestimate similar to that expected in the Assay preparation.
Mix, and pass through a filter having a porosity of 0.45 mm..6
Assay preparation—.Add a number of Tablets, equivalent to 0.35

mg of ethinyl estradiol, to a suitable glass container, add 10 mL of
water, and mix with a vortex mixer until the Tablets are completely
disintegrated. Add 40 mL of Internal standard solution, and mix
with a vortex mixer for at least 23 minutes. Sonicate the sample for
at least 5 minutes, filter an aliquot through a suitable filter having a
porosity of 0.45 mm, and use the filtrate..6
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 230-nm detector and a
4.6-mm 6 5-cm column that contains 5-mm packing L1. The flow
rate is about 2.1 mL per minute. Chromatograph the Standard

preparation, and record the peak responses as directed for
Procedure: the relative retention times are about 0.5 for ethinyl
estradiol, 1.0 for (Z)-norgestimate, 1.2 for (E)-norgestimate and 1.5
for dibutyl phthalate; the resolution, R, between (Z)-norgestimate
and (E)-norgestimate is not less than 1.5; and the relative standard
deviation of the peak response ratio of ethinyl estradiol, (Z)-
norgestimate, and (E)-norgestimate to dibutyl phthalate for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 25 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of ethinyl estradiol
(C20H24O2) in the portion of Tablets taken by the formula:

.50C(RU /RS).6

in which C is the concentration, in mg per mL, of USP Ethinyl
Estradiol RS in the Standard preparation; and RU and RS are the
ratios of the peak responses of ethinyl estradiol to dibutyl phthalate
obtained from the Assay preparation and the Standard preparation,
respectively. Calculate the quantity, in mg, of norgestimate
(C23H31NO3) in the portion of Tablets taken by the formula:

.50C[PA(RUA /RSA) + PS(RUS /RSS)].6

in which C is the concentration, in mg per mL, of USP Norgestimate
RS in the Standard preparation; PA and PS are the corresponding (E)
and (Z) fractions of USP Norgestimate RS; RUA and RSA are the ratios
of the peak responses of (E)-norgestimate to dibutyl phthalate
obtained from the Assay preparation and the Standard preparation,
respectively; and RUS and RSS are the ratios of the peak responses of
(Z)-norgestimate to dibutyl phthalate obtained from the Assay
preparation and the Standard preparation, respectively.
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GENERAL CHAPTERS

General Tests and Assays

Microbiological Tests

h61i MICROBIOLOGICAL
EXAMINATION OF NONSTERILE

PRODUCTS: MICROBIAL
ENUMERATION TESTS

INTRODUCTION

The tests described hereafter will allow quantitative enumeration
of mesophilic bacteria and fungi that may grow under aerobic condi-
tions.
The tests are designed primarily to determine whether a substance

or preparation complies with an established specification for micro-
biological quality. When used for such purposes, follow the instruc-
tions given below, including the number of samples to be taken, and
interpret the results as stated below.
The methods are not applicable to products containing viable mi-

croorganisms as active ingredients.
Alternative microbiological procedures, including automated

methods, may be used, provided that their equivalence to the Pharma-
copeial method has been demonstrated.

GENERAL PROCEDURES

Carry out the determination under conditions designed to avoid ex-
trinsic microbial contamination of the product to be examined. The
precautions taken to avoid contamination must be such that they do
not affect any microorganisms that are to be revealed in the test.

If the product to be examined has antimicrobial activity, this is, in-
sofar as possible, removed or neutralized. If inactivators are used for
this purpose, their efficacy and their absence of toxicity for microor-
ganisms must be demonstrated.
If surface-active substances are used for sample preparation, their

absence of toxicity for microorganisms and their compatibility with
any inactivators used must be demonstrated.

ENUMERATION METHODS

Use the Membrane Filtration method or one of the Plate-Count
Methods, as directed. The Most-Probable-Number (MPN) Method
is generally the least accurate method for microbial counts; however,
for certain product groups with very low bioburden, it may be the
most appropriate method.
The choice of a method is based on factors such as the nature of the

product and the required limit of microorganisms. The method cho-
sen must allow testing of a sufficient sample size to judge compliance
with the specification. The suitability of the chosen method must be
established.

Change to read:

GROWTH PROMOTION TEST, ..6 SUITABILITY
OF THE COUNTINGMETHOD .AND NEGATIVE

CONTROLS.6

General Considerations

The ability of the test to detect microorganisms in the presence of
product to be tested must be established.
Suitability must be confirmed if a change in testing performance or

a change in the product that may affect the outcome of the test, is
introduced.

Preparation of Test Strains

Use standardized stable suspensions of test strains or prepare as
stated below. Seed-lot culture maintenance techniques (seed-lot sys-
tems) are used so that the viable microorganisms used for inoculation
are not more than 5 passages removed from the original master seed-
lot. Grow each of the bacterial and fungal test strains separately as
described in Table 1.

Table 1. Preparation and Use of Test Microorganisms

Microorganism
Preparation of Test

Strain

Growth Promotion
Suitability of Counting Method in the

Presence of Product

Total Aerobic
Microbial Count

Total Yeasts and
Molds Count

Total Aerobic
Microbial Count

Total Yeasts and
Molds Count

Staphylococcus aureus
such as ATCC 6538,
NCIMB 9518, CIP
4.83, or NBRC 13276

Soybean–Casein Digest
Agar or Soybean–Ca-
sein Digest Broth
308–358 18–24 hours

Soybean–Casein
Digest Agar and
Soybean–Casein
Digest Broth �
100 cfu 308–358
� 3 days

Soybean–Casein
Digest
Agar/MPN
Soybean–Casein
Digest Broth �
100 cfu 308–358
� 3 days

Pseudomonas aeruginosa
such as ATCC 9027,
NCIMB 8626, CIP
82.118, or NBRC
13275

Soybean–Casein Digest
Agar or Soybean–Ca-
sein Digest Broth
308–358 18–24 hours

Soybean–Casein
Digest Agar and
Soybean–Casein
Digest Broth �
100 cfu 308–358
� 3 days

Soybean–Casein
Digest
Agar/MPN
Soybean–Casein
Digest Broth �
100 cfu 308–358
� 3 days
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Table 1. Preparation and Use of Test Microorganisms (Continued)

Bacillus subtilis such as
ATCC 6633, NCIMB
8054, CIP 52.62, or
NBRC 3134

Soybean–Casein Digest
Agar or Soybean–Ca-
sein Digest Broth
308–358 18–24 hours

Soybean–Casein
Digest Agar and
Soybean–Casein
Digest Broth �
100 cfu 308–358
� 3 days

Soybean–Casein
Digest
Agar/MPN
Soybean–Casein
Digest Broth �
100 cfu 308–358
� 3 days

Candida albicans such as
ATCC 10231, NCPF
3179, IP 48.72, or
NBRC 1594

Sabouraud Dextrose Agar
or Sabouraud Dextrose
Broth 208–258 2–3 days

Soybean–Casein
Digest Agar �
100 cfu 308–358
� 5 days

Sabouraud Dex-
trose Agar �
100 cfu 208–258
� 5 days

Soybean–Casein
Digest Agar �
100 cfu 308–358
� 5 days MPN:
not applicable

Sabouraud Dex-
trose Agar �
100 cfu 208–258
� 5 days

Aspergillus niger such as
ATCC 16404, IMI
149007, IP 1431.83, or
NBRC 9455

Sabouraud Dextrose Agar
or Potato–Dextrose
Agar 208–258 5–7 days,
or until good sporula-
tion is achieved

Soybean–Casein
Digest Agar �
100 cfu 308–358
� 5 days

Sabouraud Dex-
trose Agar� 100
cfu 208–258
� 5 days

Soybean–Casein
Digest Agar �
100 cfu 308–358
� 5 days MPN:
not applicable

Sabouraud Dex-
trose Agar �
100 cfu 208–258
� 5 days

Use Buffered Sodium Chloride–Peptone Solution pH 7.0 or Phos-
phate Buffer Solution pH 7.2 to make test suspensions; to suspend A.
niger spores, 0.05% of polysorbate 80 may be added to the buffer.
Use the suspensions within 2 hours, or within 24 hours if stored be-
tween 28 and 88. As an alternative to preparing and then diluting a
fresh suspension of vegetative cells of A. niger or B. subtilis, a stable
spore suspension is prepared and then an appropriate volume of the
spore suspension is used for test inoculation. The stable spore suspen-
sion may be maintained at 28 to 88 for a validated period of time.

Negative Control

To verify testing conditions, a negative control is performed using
the chosen diluent in place of the test preparation. There must be no
growth of microorganisms. .A negative control is also performed
when testing the products as described under Testing of Products.
A failed negative control requires an investigation..6

Growth Promotion of the Media

Test each batch of ready-prepared medium and each batch of me-
dium prepared either from dehydrated medium or from the ingredi-
ents described.
Inoculate portions/plates of Soybean–Casein Digest Broth and

Soybean–Casein Digest Agar with a small number (not more than
100 cfu) of the microorganisms indicated in Table 1, using a separate
portion/plate of medium for each. Inoculate plates of Sabouraud Dex-
trose Agar with a small number (not more than 100 cfu) of the mi-
croorganisms indicated in Table 1, using a separate plate of medium
for each. Incubate according to the conditions described in Table 1.
For solid media, growth obtained must not differ by a factor greater

than 2 from the calculated value for a standardized inoculum. For a
freshly prepared inoculum, growth of the microorganisms compara-
ble to that previously obtained with a previously tested and approved
batch of medium occurs. Liquid media are suitable if clearly visible
growth of the microorganisms comparable to that previously obtained
with a previously tested and approved batch of medium occurs.

Suitability of the Counting Method in the Presence of
Product

PREPARATION OF THE SAMPLE

The method for sample preparation depends on the physical char-
acteristics of the product to be tested. If none of the procedures de-
scribed below can be demonstrated to be satisfactory, a suitable
alternative procedure must be developed.

Water-Soluble Products—Dissolve or dilute (usually a 1 in 10
dilution is prepared) the product to be examined in Buffered Sodium
Chloride–Peptone Solution pH 7.0, Phosphate Buffer Solution pH
7.2, or Soybean–Casein Digest Broth. If necessary, adjust to a pH
of 6 to 8. Further dilutions, where necessary, are prepared with the
same diluent.

Nonfatty Products Insoluble in Water—Suspend the product to
be examined (usually a 1 in 10 dilution is prepared) in Buffered So-
dium Chloride–Peptone Solution pH 7.0, Phosphate Buffer Solution
pH 7.2, or Soybean–Casein Digest Broth. A surface-active agent such
as 1 g per L of polysorbate 80 may be added to assist the suspension
of poorly wettable substances. If necessary, adjust to a pH of 6 to 8.
Further dilutions, where necessary, are prepared with the same dilu-
ent.

Fatty Products—Dissolve in isopropyl myristate sterilized by fil-
tration, or mix the product to be examined with the minimum neces-
sary quantity of sterile polysorbate 80 or another noninhibitory sterile
surface-active reagent heated, if necessary, to not more than 408 or, in
exceptional cases, to not more than 458. Mix carefully and if neces-
sary maintain the temperature in a water bath. Add a sufficient quan-
tity of the prewarmed chosen diluent to make a 1 in 10 dilution of the
original product. Mix carefully, while maintaining the temperature for
the shortest time necessary for the formation of an emulsion. Further
serial 10-fold dilutions may be prepared using the chosen diluent con-
taining a suitable concentration of sterile polysorbate 80 or another
noninhibitory sterile surface-active reagent.

Fluids or Solids in Aerosol Form—Aseptically transfer the pro-
duct into a membrane filter apparatus or a sterile container for further
sampling. Use either the total contents or a defined number of meter-
ed doses from each of the containers tested.

Transdermal Patches—Remove the protective cover sheets (‘‘re-
lease liners’’) of the transdermal patches and place them, adhesive
side upwards, on sterile glass or plastic trays. Cover the adhesive sur-
face with a suitable sterile porous material (e.g., sterile gauze) to pre-
vent the patches from sticking together, and transfer the patches to a
suitable volume of the chosen diluent containing inactivators such as
polysorbate 80 and/or lecithin. Shake the preparation vigorously for
at least 30 minutes.
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INOCULATION AND DILUTION

Add to the sample prepared as directed above and to a control (with
no test material included) a sufficient volume of the microbial suspen-
sion to obtain an inoculum of not more than than 100 cfu. The volume
of the suspension of the inoculum should not exceed 1% of the vol-
ume of diluted product.
To demonstrate acceptable microbial recovery from the product,

the lowest possible dilution factor of the prepared sample must be
used for the test. Where this is not possible due to antimicrobial ac-
tivity or poor solubility, further appropriate protocols must be devel-
oped. If inhibition of growth by the sample cannot otherwise be
avoided, the aliquot of the microbial suspension may be added after
neutralization, dilution, or filtration.

NEUTRALIZATION/REMOVAL OF ANTIMICROBIAL ACTIVITY

The number of microorganisms recovered from the prepared sam-
ple diluted as described in Inoculation and Dilution and incubated
following the procedure described in Recovery of Microorganisms
in the Presence of Product, is compared to the number of microorga-
nisms recovered from the control preparation.
If growth is inhibited (reduction by a factor greater than 2), then

modify the procedure for the particular enumeration test to ensure
the validity of the results. Modification of the procedure may include,
for example,
(1) An increase in the volume of the diluent or culture medium;
(2) Incorporation of a specific or general neutralizing agents into the

diluent;
(3) Membrane filtration; or
(4) A combination of the above measures.

Neutralizing Agents—Neutralizing agents may be used to neu-
tralize the activity of antimicrobial agents (see Table 2). They may
be added to the chosen diluent or the medium preferably before ster-
ilization. If used, their efficacy and their absence of toxicity for mi-
croorganisms must be demonstrated by carrying out a blank with
neutralizer and without product.

Table 2. Common Neutralizing Agents/Methods for
Interfering Substances

Interfering Substance

Potential Neutralizing Agents/
Method

Glutaraldehyde, mercurials Sodium hydrogen sulfite (Sodi-
um bisulfite)

Phenolics, alcohol, aldehydes,
sorbate

Dilution

Aldehydes Glycine
Quaternary ammonium com-
pounds (QACs), para-
hydroxybenzoates (parabens),
bis-biguanides

Lecithin

QACs, iodine, parabens Polysorbate
Mercurials Thioglycollate
Mercurials, halogens, aldehydes Thiosulfate
EDTA (edetate) Mg or Ca ions

If no suitable neutralizing method can be found, it can be assumed
that the failure to isolate the inoculated organism is attributable to the
microbicidal activity of the product. This information serves to indi-
cate that the article is not likely to be contaminated with the given
species of the microorganism. However, it is possible that the product
inhibits only some of the microorganisms specified herein, but does
not inhibit others not included among the test strains or those for
which the latter are not representative. Then, perform the test with
the highest dilution factor compatible with microbial growth and
the specific acceptance criterion.

RECOVERY OF MICROORGANISMS IN THE PRESENCE OF

PRODUCT

For each of the microorganisms listed, separate tests are performed.
Only microorganisms of the added test strain are counted.

Membrane Filtration—Use membrane filters having a nominal
pore size not greater than 0.45 mm. The type of filter material is cho-
sen in such a way that the bacteria-retaining efficiency is not affected
by the components of the sample to be investigated. For each of the
microorganisms listed, one membrane filter is used.
Transfer a suitable quantity of the sample prepared as described

under Preparation of the Sample, Inoculation and Dilution, and Neu-
tralization/Removal of Antimicrobial Activity (preferably represent-
ing 1 g of the product, or less if large numbers of cfu are expected)
to the membrane filter, filter immediately, and rinse the membrane
filter with an appropriate volume of diluent.
For the determination of total aerobic microbial count (TAMC),

transfer the membrane filter to the surface of the Soybean–Casein Di-
gest Agar. For the determination of total combined yeasts and molds
count (TYMC), transfer the membrane to the surface of the Sabour-
aud Dextrose Agar. Incubate the plates as indicated in Table 1. Per-
form the counting.

Plate-Count Methods—Perform plate-count methods at least in
duplicate for each medium, and use the mean count of the result.

Pour-Plate Method—For Petri dishes 9 cm in diameter, add to the
dish 1 mL of the sample prepared as described under Preparation of
the Sample, Inoculation and Dilution, and Neutralization/Removal of
Antimicrobial Activity and 15 to 20 mL of Soybean–Casein Digest
Agar or Sabouraud Dextrose Agar, both media maintained at not
more than 458. If larger Petri dishes are used, the amount of agar me-
dium is increased accordingly. For each of the microorganisms listed
in Table 1, at least two Petri dishes are used.
Incubate the plates as indicated in Table 1. Take the arithmetic

mean of the counts per medium, and calculate the number of cfu in
the original inoculum.

Surface-Spread Method—For Petri dishes 9 cm in diameter, add 15
to 20 mL of Soybean–Casein Digest Agar or Sabouraud Dextrose
Agar at about 458 to each Petri dish, and allow to solidify. If larger
Petri dishes are used, the volume of the agar is increased accordingly.
Dry the plates, for example, in a laminar-airflow cabinet or in an in-
cubator. For each of the microorganisms listed in Table 1, at least two
Petri dishes are used. Spread a measured volume of not less than 0.1
mL of the sample, prepared as directed under Preparation of the Sam-
ple, Inoculation and Dilution, and Neutralization/Removal of Antimi-
crobial Activity over the surface of the medium. Incubate and count
as directed for Pour-Plate Method.

Most-Probable-Number (MPN) Method—The precision and ac-
curacy of the MPN Method is less than that of the Membrane Filtra-
tion method or the Plate-Count Method. Unreliable results are
obtained particularly for the enumeration of molds. For these reasons,
the MPN Method is reserved for the enumeration of TAMC in situa-
tions where no other method is available. If the use of the method is
justified, proceed as follows.
Prepare a series of at least three serial 10-fold dilutions of the pro-

duct as described for Preparation of the Sample, Inoculation and Di-
lution, and Neutralization/Removal of Antimicrobial Activity. From
each level of dilution, three aliquots of 1 g or 1 mL are used to inoc-
ulate three tubes with 9 to 10 mL of Soybean–Casein Digest Broth. If
necessary a surface-active agent such as polysorbate 80, or an inacti-
vator of antimicrobial agents may be added to the medium. Thus, if
three levels of dilution are prepared, nine tubes are inoculated.
Incubate all tubes at 308 to 358 for not more than 3 days. If reading

of the results is difficult or uncertain owing to the nature of the pro-
duct to be examined, subculture in the same broth or in Soybean–Ca-
sein Digest Agar for 1 to 2 days at the same temperature, and use
these results. From Table 3, determine the most probable number of
microorganisms per g or mL of the product to be examined.
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Table 3. Most-Probable-Number Values of Microorganisms

Observed
Combinations

of Numbers of Tubes
Showing Growth in

Each Set

MPN per g or
per mL of
Product

95%
Confidence
Limits

Number of g or mL of
Product per Tube

0.1 0.01 0.001

0 0 0 53 0–9.4
0 0 1 3 0.1–9.5
0 1 0 3 0.1–10
0 1 1 6.1 1.2–17
0 2 0 6.2 1.2–17
0 3 0 9.4 3.5–35
1 0 0 3.6 0.2–17
1 0 1 7.2 1.2–17
1 0 2 11 4–35
1 1 0 7.4 1.3–20
1 1 1 11 4–35
1 2 0 11 4–35
1 2 1 15 5–38
1 3 0 16 5–38
2 0 0 9.2 1.5–35
2 0 1 14 4–35
2 0 2 20 5–38
2 1 0 15 4–38
2 1 1 20 5–38
2 1 2 27 9–94
2 2 0 21 5–40
2 2 1 28 9–94
2 2 2 35 9–94
2 3 0 29 9–94
2 3 1 36 9–94
3 0 0 23 5–94
3 0 1 38 9–104
3 0 2 64 16–181
3 1 0 43 9–181
3 1 1 75 17–199
3 1 2 120 30–360
3 1 3 160 30–380
3 2 0 93 18–360
3 2 1 150 30–380
3 2 2 210 30–400
3 2 3 290 90–990
3 3 0 240 40–990
3 3 1 460 90–1980
3 3 2 1100 200–4000
3 3 3 41100

RESULTS AND INTERPRETATION

When verifying the suitability of the Membrane Filtration method
or the Plate-Count Method, a mean count of any of the test organisms
not differing by a factor greater than 2 from the value of the control
defined in Inoculation and Dilution in the absence of product must be
obtained. When verifying the suitability of the MPN Method, the cal-
culated value from the inoculum must be within 95% confidence lim-
its of the results obtained with the control.
If the above criteria cannot be met for one of more of the organisms

tested with any of the described methods, the method and test condi-
tions that come closest to the criteria are used to test the product.

TESTING OF PRODUCTS

Amount Used for the Test

Unless otherwise directed, use 10 g or 10 mL of the product to be
examined taken with the precautions referred to above. For fluids or
solids in aerosol form, sample 10 containers. For transdermal patches,
sample 10 patches.

The amount to be tested may be reduced for active substances that
will be formulated in the following conditions: the amount per dosage
unit (e.g., tablet, capsule, injection) is less than or equal to 1 mg, or
the amount per g or mL (for preparations not presented in dose units)
is less than 1 mg. In these cases, the amount of sample to be tested is
not less than the amount present in 10 dosage units or 10 g or 10 mL
of the product.
For materials used as active substances where the sample quantity

is limited or batch size is extremely small (i.e., less than 1000 mL or
1000 g), the amount tested shall be 1% of the batch unless a lesser
amount is prescribed or justified and authorized.
For products where the total number of entities in a batch is less

than 200 (e.g., samples used in clinical trials), the sample size may
be reduced to two units, or one unit if the size is less than 100.
Select the sample(s) at random from the bulk material or from the

available containers of the preparation. To obtain the required quan-
tity, mix the contents of a sufficient number of containers to provide
the sample.

Examination of the Product

MEMBRANE FILTRATION

Use a filtration apparatus designed to allow the transfer of the filter
to the medium. Prepare the sample using a method that has been
shown to be suitable as described in Growth Promotion Test and Suit-
ability of the Counting Method, transfer the appropriate amount to
each of two membrane filters, and filter immediately. Wash each filter
following the procedure shown to be suitable.
For the determination of TAMC, transfer one of the membrane fil-

ters to the surface of Soybean–Casein Digest Agar. For the determi-
nation of TYMC, transfer the other membrane to the surface of
Sabouraud Dextrose Agar. Incubate the plate of Soybean–Casein Di-
gest Agar at 308 to 358 for 3 to 5 days and the plate of Sabouraud
Dextrose Agar at 208 to 258 for 5 to 7 days. Calculate the number
of cfu per g or per mL of product.
When examining transdermal patches, separately filter 10% of the

volume of the preparation described for Preparation of the Sample
through each of two sterile filter membranes. Transfer one membrane
to Soybean–Casein Digest Agar for TAMC and the other membrane
to Sabouraud Dextrose Agar for TYMC.

PLATE-COUNT METHODS

Pour-Plate Method—Prepare the sample using a method that has
been shown to be suitable as described in Growth Promotion Test and
Suitability of the Counting Method. Prepare for each medium at least
two Petri dishes for each level of dilution. Incubate the plates of Soy-
bean–Casein Digest Agar at 308 to 358 for 3 to 5 days and the plates
of Sabouraud Dextrose Agar at 208 to 258 for 5 to 7 days. Select the
plates corresponding to a given dilution and showing the highest
number of colonies less than 250 for TAMC and 50 for TYMC. Take
the arithmetic mean per culture medium of the counts, and calculate
the number of cfu per g or per mL of product.

Surface-Spread Method—Prepare the sample using a method
that has been shown to be suitable as described in Growth Promotion
Test and Suitability of the Counting Method. Prepare at least two Petri
dishes for each medium and each level of dilution. For incubation and
calculation of the number of cfu, proceed as directed for the Pour-
Plate Method.

MOST-PROBABLE-NUMBER METHOD

Prepare and dilute the sample using a method that has been shown
to be suitable as decribed in Growth Promotion Test and Suitability of
the Counting Method. Incubate all tubes for 3 to 5 days at 308 to 358.
Subculture if necessary, using the procedure shown to be suitable. Re-
cord for each level of dilution the number of tubes showing microbial
growth. Determine the most probable number of microorganisms per
g or mL of the product to be examined from Table 3.
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Interpretation of the Results

The total aerobic microbial count (TAMC) is considered to be
equal to the number of cfu found using Soybean–Casein Digest Agar;
if colonies of fungi are detected on this medium, they are counted as
part of TAMC. The total combined yeasts and molds count (TYMC)
is considered to be equal to the number of cfu found using Sabouraud
Dextrose Agar; if colonies of bacteria are detected on this medium,
they are counted as part of TYMC. When the TYMC is expected to
exceed the acceptance criterion due to the bacterial growth, Sabour-
aud Dextrose Agar containing antibiotics may be used. If the count is
carried out by the MPN Method, the calculated value is TAMC.
When an acceptance criterion for microbiological quality is pre-

scribed, it is interpreted as follows:
— 101 cfu: maximum acceptable count = 20;
— 102 cfu: maximum acceptable count = 200;
— 103 cfu: maximum acceptable count = 2000; and so forth.
The recommended solutions and media are described in Microbi-

ological Examination of Nonsterile Products: Tests for Specified Mi-
croorganisms h62i.

(Entire Chapter and revisions marked for IRA—Official May 1,
2009)

h62i MICROBIOLOGICAL
EXAMINATION OF NONSTERILE

PRODUCTS: TESTS FOR
SPECIFIED MICROORGANISMS

INTRODUCTION

The tests described hereafter will allow determination of the ab-
sence of, or limited occurrence of, specified microorganisms that
may be detected under the conditions described.
The tests are designed primarily to determine whether a substance

or preparation complies with an established specification for micro-
biological quality. When used for such purposes, follow the instruc-
tions given below, including the number of samples to be taken, and
interpret the results as stated below.
Alternative microbiological procedures, including automated

methods, may be used, provided that their equivalence to the Pharma-
copeial method has been demonstrated.

GENERAL PROCEDURES

The preparation of samples is carried out as described in Microbi-
ological Examination of Nonsterile Products: Microbial Enumera-
tion Tests h61i.
If the product to be examined has antimicrobial activity, this is in-

sofar as possible removed or neutralized as described inMicrobiolog-
ical Examination of Nonsterile Products: Microbial Enumeration
Tests h61i.
If surface-active substances are used for sample preparation, their

absence of toxicity for microorganisms and their compatibility with
any inactivators used must be demonstrated as described in Microbi-
ological Examination of Nonsterile Products: Microbial Enumera-
tion Tests h61i.

Change to read:

GROWTH-PROMOTING AND INHIBITORY
PROPERTIES OF THE MEDIA, ..6 SUITABILITY
OF THE TEST .AND NEGATIVE CONTROLS.6

The ability of the test to detect microorganisms in the presence of
the product to be tested must be established. Suitability must be con-
firmed if a change in testing performance or a change in the product
that may affect the outcome of the test is introduced.

Preparation of Test Strains

Use standardized stable suspensions of test strains as stated below.
Seed-lot culture maintenance techniques (seed-lot systems) are used
so that the viable microorganisms used for inoculation are not more
than five passages removed from the original master seed-lot.

AEROBIC MICROORGANISMS

Grow each of the bacterial test strains separately in containers con-
taining Soybean–Casein Digest Broth or on Soybean–Casein Digest
Agar at 308 to 358 for 18 to 24 hours. Grow the test strain for Candida
albicans separately on Sabouraud Dextrose Agar or in Sabouraud
Dextrose Broth at 208 to 258 for 2 to 3 days.

Staphylococcus aureus such as ATCC 6538, NCIMB
9518, CIP 4.83, or NBRC
13276

Pseudomonas aeruginosa such as ATCC 9027, NCIMB
8626, CIP 82.118, or NBRC
13275

Escherichia coli such as ATCC 8739, NCIMB
8545, CIP 53.126, or NBRC
3972

Salmonella enterica
.subsp. enterica serovar
Typhimurium.6
or, as an alternative,

such as ATCC 14028

Salmonella enterica
.subsp. enterica serovar
Abony.6

such as NBRC 100797, NCTC
6017, or CIP 80.39

Candida albicans such as ATCC 10231, NCPF
3179, IP 48.72, or NBRC
1594

Use Buffered Sodium Chloride–Peptone Solution pH 7.0 or Phos-
phate Buffer Solution pH 7.2 to make test suspensions. Use the sus-
pensions within 2 hours or within 24 hours if stored at 28 to 88.

CLOSTRIDIA

Use Clostridium sporogenes such as ATCC 11437 (NBRC 14293,
NCIMB 12343, CIP 100651) or ATCC 19404 (NCTC 532 or CIP
79.3). Grow the clostridial test strain under anaerobic conditions in
Reinforced Medium for Clostridia at 308 to 358 for 24 to 48 hours.
As an alternative to preparing and then diluting down a fresh suspen-
sion of vegetative cells of Cl. sporogenes, a stable spore suspension is
used for test inoculation. The stable spore suspension may be main-
tained at 28 to 88 for a validated period.
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Negative Control

To verify testing conditions, a negative control is performed using
the chosen diluent in place of the test preparation. There must be no
growth of microorganisms. .A negative control is also performed
when testing the products as described under Testing of Products.
A failed negative control requires an investigation..6

Growth Promotion and Inhibitory Properties
of the Media

Test each batch of ready-prepared medium and each batch of me-
dium prepared either from dehydrated medium or from ingredients.
Verify suitable properties of relevant media as described in Table 1.

Table 1. Growth Promoting, Inhibitory, and Indicative Properties of Media

Test/Medium Property Test Strains

Test for bile-tolerant Gram-negative bacteria
Enterobacteria Enrichment Broth Mossel Growth promoting E. coli

P. aeruginosa
Inhibitory S. aureus

Violet Red Bile Glucose Agar Growth promoting + Indicative E. coli
P. aeruginosa

Test for Escherichia coli
MacConkey Broth Growth promoting E. coli

Inhibitory S. aureus
MacConkey Agar Growth promoting + Indicative E. coli
Test for Salmonella
Rappaport Vassiliadis Salmonella Enrichment Broth Growth promoting Salmonella enterica .subsp. enterica

serovar Typhimurium.6 or
Salmonella enterica .subsp. enterica
serovar Abony.6

Inhibitory S. aureus
Xylose Lysine Deoxycholate Agar Growth promoting + Indicative Salmonella enterica .subsp. enterica

serovar Typhimurium.6 or
Salmonella enterica.subsp. enterica
serovar Abony.6

Test for Pseudomonas aeruginosa
Cetrimide Agar Growth promoting P. aeruginosa

Inhibitory E. coli
Test for Staphylococcus aureus
Mannitol Salt Agar Growth promoting + Indicative S. aureus

Inhibitory E. coli
Test for Clostridia
Reinforced Medium for Clostridia Growth promoting Cl. sporogenes
Columbia Agar Growth promoting Cl. sporogenes
Test for Candida albicans
Sabouraud Dextrose Broth Growth promoting C. albicans
Sabouraud Dextrose Agar Growth promoting + Indicative C. albicans

Test for Growth-Promoting Properties, Liquid Media—
Inoculate a portion of the appropriate medium with a small number
(not more than 100 cfu) of the appropriate microorganism. Incubate at
the specified temperature for not more than the shortest period of time
specified in the test. Clearly visible growth of the microorganism
comparable to that previously obtained with a previously tested and
approved batch of medium occurs.

Test for Growth-Promoting Properties, Solid Media—Perform
Surface-Spread Method (see Plate-Count Methods under Microbio-
logical Examination of Nonsterile Products: Microbial Enumeration
Tests h61i), inoculating each plate with a small number (not more
than 100 cfu) of the appropriate microorganism. Incubate at the spec-
ified temperature for not more than the shortest period of time spec-
ified in the test. Growth of the microorganism comparable to that
previously obtained with a previously tested and approved batch of
medium occurs.

Test for Inhibitory Properties, Liquid or Solid Media—Inocu-
late the appropriate medium with at least 100 cfu of the appropriate
microorganism. Incubate at the specified temperature for not less than
the longest period of time specified in the test. No growth of the test
microorganism occurs.

Test for Indicative Properties—Perform Surface-Spread Method
(see Plate-Count Methods under Microbiological Examination of
Nonsterile Products: Microbial Enumeration Tests h61i), inoculating
each plate with a small number (not more than 100 cfu) of the appro-
priate microorganism. Incubate at the specified temperature for a pe-

riod of time within the range specified in the test. Colonies are
comparable in appearance and indication reactions to those previous-
ly obtained with a previously tested and approved batch of medium.

Suitability of the Test Method

For each new product to be tested perform sample preparation as
described in the relevant paragraph under Testing of Products. At the
time of mixing, add each test strain in the prescribed growth medium.
Inoculate the test strains individually. Use a number of microorga-
nisms equivalent to not more than 100 cfu in the inoculated test prep-
aration.
Perform the test as described in the relevant paragraph under Test-

ing of Products using the shortest incubation period prescribed.
The specified microorganisms must be detected with the indication

reactions as described under Testing of Products.
Any antimicrobial activity of the product necessitates a modifica-

tion of the test procedure (see Neutralization/Removal of Antimicro-
bial Activity under Microbiological Examination of Nonsterile
Products: Microbial Enumeration Tests h61i).
For a given product, if the antimicrobial activity with respect to a

microorganism for which testing is prescribed cannot be neutralized,
then it is to be assumed that the inhibited microorganism will not be
present in the product.
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Change to read:

TESTING OF PRODUCTS

Bile-Tolerant Gram-Negative Bacteria

Sample Preparation and Pre-Incubation—Prepare a sample us-
ing a 1 in 10 dilution of not less than 1 g of the product to be examined
as described inMicrobiological Examination of Nonsterile Products:
Microbial Enumeration Tests h61i, but using Soybean–Casein Digest
Broth as the chosen diluent, mix, and incubate at 208 to 258 for a time
sufficient to resuscitate the bacteria but not sufficient to encourage
multiplication of the organisms (usually 2 hours but not more than
5 hours).

Test for Absence—Unless otherwise prescribed, use the volume
corresponding to 1 g of the product, as prepared in Sample Prepara-
tion and Pre-Incubation, to inoculate Enterobacteria Enrichment
Broth Mossel. Incubate at 308 to 358 for 24 to 48 hours. Subculture
on plates of Violet Red Bile Glucose Agar. Incubate at 308 to 358 for
18 to 24 hours.
The product complies with the test if there is no growth of colonies.

Quantitative Test—

Selection and Subculture—Inoculate suitable quantities of Entero-
bacteria Enrichment Broth Mossel with the preparation as directed
under Sample Preparation and Pre-Incubation and/or dilutions of it
containing respectively 0.1 g, 0.01 g, and 0.001 g (or 0.1 mL, 0.01
mL, and 0.001 mL) of the product to be examined. Incubate at 308
to 358 for 24 to 48 hours. Subculture each of the cultures on a plate of
Violet Red Bile Glucose Agar. Incubate at 308 to 358 for 18 to 24
hours.

Interpretation—Growth of colonies constitutes a positive result.
Note the smallest quantity of the product that gives a positive result
and the largest quantity that gives a negative result. Determine from
Table 2 the probable number of bacteria.

Table 2. Interpretation of Results

Results for Each Quantity
of Product Probable Number

of Bacteria
per g or mL of Product

0.1 g or
0.1 mL

0.01 g or
0.01 mL

0.001 g or
0.001 mL

+ + + more than 103

+ + – less than 103 and more
than 102

+ – – less than 102 and more
than 10

– – – less than 10

Escherichia coli

Sample Preparation and Pre-Incubation—Prepare a sample us-
ing a 1 in 10 dilution of not less than 1 g of the product to be examined
as described inMicrobiological Examination of Nonsterile Products:
Microbial Enumeration Tests h61i, and use 10 mL or the quantity cor-
responding to 1 g or 1 mL, to inoculate a suitable amount (determined
as described under Suitability of the Test Method) of Soybean–Casein
Digest Broth, mix, and incubate at 308 to 358 for 18 to 24 hours.

Selection and Subculture—Shake the container, transfer 1 mL of
Soybean–Casein Digest Broth to 100 mL of MacConkey Broth, and
incubate at 428 to 448 for 24 to 48 hours. Subculture on a plate of
MacConkey Agar at 308 to 358 for 18 to 72 hours.

Interpretation—Growth of colonies indicates the possible pres-
ence of E. coli. This is confirmed by identification tests.
The product complies with the test if no colonies are present or if

the identification tests are negative.

Salmonella

Sample Preparation and Pre-Incubation—Prepare the product
to be examined as described inMicrobiological Examination of Non-
sterile Products: Microbial Enumeration Tests h61i, and use the
quantity corresponding to not less than 10 g or 10 mL to inoculate
a suitable amount (determined as described under Suitability of the
Test Method) of Soybean–Casein Digest Broth, mix, and incubate
at 308 to 358 for 18 to 24 hours.

Selection and Subculture—Transfer 0.1 mL of Soybean–Casein
Digest Broth to 10 mL of Rappaport Vassiliadis Salmonella Enrich-
ment Broth, and incubate at 308 to 358 for 18 to 24 hours. Subculture
on plates of Xylose Lysine Deoxycholate Agar. Incubate at 308 to 358
for 18 to 48 hours.

Interpretation—The possible presence of Salmonella is indicated
by the growth of well-developed, red colonies, with or without black
centers. This is confirmed by identification tests.
The product complies with the test if colonies of the types de-

scribed are not present or if the confirmatory identification tests are
negative.

Pseudomonas aeruginosa

Sample Preparation and Pre-Incubation—Prepare a sample us-
ing a 1 in 10 dilution of not less than 1 g of the product to be examined
as described inMicrobiological Examination of Nonsterile Products:
Microbial Enumeration Tests h61i, and use 10 mL or the quantity cor-
responding to 1 g or 1 mL to inoculate a suitable amount (determined
as described under Suitability of the Test Method) of Soybean–Casein
Digest Broth, and mix. When testing transdermal patches, filter the
volume of sample corresponding to one patch of the preparation
(see Transdermal Patches under Preparation of the Sample inMicro-
biological Examination of Nonsterile Products: Microbial Enumera-
tion Tests h61i) through a sterile filter membrane, and place in 100
mL of Soybean–Casein Digest Broth. Incubate at 308 to 358 for 18
to 24 hours.

Selection and Subculture—Subculture on a plate of Cetrimide
Agar, and incubate at 308 to 358 for 18 to 72 hours.

Interpretation—Growth of colonies indicates the possible pres-
ence of P. aeruginosa. This is confirmed by identification tests.
The product complies with the test if colonies are not present or if

the confirmatory identification tests are negative.

Staphylococcus aureus

Sample Preparation and Pre-Incubation—Prepare a sample us-
ing a 1 in 10 dilution of not less than 1 g of the product to be examined
as described inMicrobiological Examination of Nonsterile Products:
Microbial Enumeration Tests h61i, and use 10 mL or the quantity cor-
responding to 1 g or 1 mL to inoculate a suitable amount (determined
as described under Suitability of the Test Method) of Soybean–Casein
Digest Broth, and homogenize. When testing transdermal patches, fil-
ter the volume of sample corresponding to one patch of the prepara-
tion (see Transdermal Patches under Preparation of the Sample in
Microbiological Examination of Nonsterile Products: Microbial Enu-
meration Tests h61i) through a sterile filter membrane, and place in
100 mL of Soybean–Casein Digest Broth. Incubate at 308 to 358 for
18 to 24 hours.

Selection and Subculture—Subculture on a plate ofMannitol Salt
Agar, and incubate at 308 to 358 for 18 to 72 hours.

Interpretation—The possible presence of S. aureus is indicated
by the growth of yellow or white colonies surrounded by a yellow
zone. This is confirmed by identification tests.
The product complies with the test if colonies of the types de-

scribed are not present or if the confirmatory identification tests are
negative.
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Clostridia

Sample Preparation and Heat Treatment—Prepare .a sample
using a 1 in 10 dilution (with a minimum total volume of 20 mL)
of not less than 2 g or 2 mL of the product to be examined as de-
scribed in.6 Microbiological Examination of Nonsterile Products:
Microbial Enumeration Tests h61i. .Divide the sample into two por-
tions of at least 10 mL.6. Heat one portion at 808 for 10 minutes, and
cool rapidly. Do not heat the other portion.

Selection and Subculture—.Use 10 mL or the quantity corre-
sponding to 1 g or 1 mL of the product to be examined of both por-
tions to inoculate suitable amounts (determined as described under
Suitability of the Test Method).6 of Reinforced Medium for Clostridia.
Incubate under anaerobic conditions at 308 to 358 for 48 hours. After
incubation, make subcultures from each .container.6 on Columbia
Agar, and incubate under anaerobic conditions at 308 to 358 for 48
.to 72.6 hours.
Interpretation—The occurrence of anaerobic growth of rods

(with or without endospores) giving a negative catalase reaction in-
dicates the presence of Clostridia.

.This is confirmed by identification tests.The product complies
with the test if colonies of the types described are not present or if
the confirmatory identification tests are negative..6

Candida albicans

Sample Preparation and Pre-Incubation—Prepare the product
to be examined as described inMicrobiological Examination of Non-
sterile Products: Microbial Enumeration Tests h61i, and use 10 mL
or the quantity corresponding to not less than 1 g or 1 mL, to inoculate
100 mL of Sabouraud Dextrose Broth, and mix. Incubate at 308 to
358 for 3 to 5 days.

Selection and Subculture—Subculture on a plate of Sabouraud
Dextrose Agar, and incubate at 308 to 358 for 24 to 48 hours.

Interpretation—Growth of white colonies may indicate the pres-
ence of C. albicans. This is confirmed by identification tests.
The product complies with the test if such colonies are not present

or if the confirmatory identification tests are negative.

Change to read:

RECOMMENDED SOLUTIONS AND
CULTURE MEDIA

NOTE—This section is given for information.
The following solutions and culture media have been found satis-

factory for the purposes for which they are prescribed in the test for
microbial contamination in the Pharmacopeia. Other media may be
used .provided that their suitability can be demonstrated..6
Stock Buffer Solution—Transfer 34 g of potassium dihydrogen

phosphate to a 1000-mL volumetric flask, dissolve in 500 mL of Pu-
rified Water, adjust with sodium hydroxide to a pH of 7.2+ 0.2, add
Purified Water to volume, and mix. Dispense in containers, and ster-
ilize. Store at a temperature of 28 to 88.
Phosphate Buffer Solution pH 7.2—Prepare a mixture of Puri-

fied Water and Stock Buffer Solution (800 : 1 v/v), and sterilize.

Buffered Sodium Chloride–Peptone Solution pH 7.0

Potassium Dihydrogen Phosphate 3.6 g
Disodium Hydrogen Phosphate Dihydrate 7.2 g (equivalent

to 0.067 M phos-
phate)

Sodium Chloride 4.3 g
Peptone (meat or casein) 1.0 g
Purified Water 1000 mL

Sterilize in an autoclave using a validated cycle.

Soybean–Casein Digest Broth

Pancreatic Digest of Casein 17.0 g
Papaic Digest of Soybean 3.0 g
Sodium Chloride 5.0 g
Dibasic Hydrogen Phosphate 2.5 g
Glucose Monohydrate 2.5 g
Purified Water 1000 mL

Adjust the pH so that after sterilization it is 7.3+ 0.2 at 258. Ster-
ilize in an autoclave using a validated cycle.

Soybean–Casein Digest Agar

Pancreatic Digest of Casein 15.0 g
Papaic Digest of Soybean 5.0 g
Sodium Chloride 5.0 g
Agar 15.0 g
Purified Water 1000 mL

Adjust the pH so that after sterilization it is 7.3+ 0.2 at 258. Ster-
ilize in an autoclave using a validated cycle.

Sabouraud Dextrose Agar

Dextrose 40.0 g
Mixture of Peptic Digest of Animal Tissue and
Pancreatic Digest of Casein (1 : 1)

10.0 g

Agar 15.0 g
Purified Water 1000 mL

Adjust the pH so that after sterilization it is 5.6+ 0.2 at 258. Ster-
ilize in an autoclave using a validated cycle.

Potato Dextrose Agar

Infusion from potatoes 200 g
Dextrose 20.0 g
Agar 15.0 g
Purified Water 1000 mL

Adjust the pH so that after sterilization it is 5.6+ 0.2 at 258. Ster-
ilize in an autoclave using a validated cycle.

Sabouraud Dextrose Broth

Dextrose 20.0 g
Mixture of Peptic Digest of Animal Tissue and
Pancreatic Digest of Casein (1 : 1)

10.0 g

Purified Water 1000 mL

Adjust the pH so that after sterilization it is 5.6+ 0.2 at 258. Ster-
ilize in an autoclave using a validated cycle.

Enterobacteria Enrichment Broth Mossel

Pancreatic Digest of Gelatin 10.0 g
Glucose Monohydrate 5.0 g
Dehydrated Ox Bile 20.0 g
Potassium Dihydrogen Phosphate 2.0 g
Disodium Hydrogen Phosphate Dihydrate 8.0 g
Brilliant Green 15 mg
Purified Water 1000 mL

Adjust the pH so that after heating it is 7.2+ 0.2 at 258. Heat at
1008 for 30 minutes, and cool immediately.

Violet Red Bile Glucose Agar

Yeast Extract 3.0 g
Pancreatic Digest of Gelatin 7.0 g
Bile Salts 1.5 g
Sodium Chloride 5.0 g
Glucose Monohydrate 10.0 g
Agar 15.0 g
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Violet Red Bile Glucose Agar

Neutral Red 30 mg
Crystal Violet 2 mg
Purified Water 1000 mL

Adjust the pH so that after heating it is 7.4+ 0.2 at 258. Heat to
boiling; do not heat in an autoclave.

MacConkey Broth

Pancreatic Digest of Gelatin 20.0 g
Lactose Monohydrate 10.0 g
Dehydrated Ox Bile 5.0 g
Bromocresol Purple 10 mg
Purified Water 1000 mL

Adjust the pH so that after sterilization it is 7.3+ 0.2 at 258. Ster-
ilize in an autoclave using a validated cycle.

MacConkey Agar

Pancreatic Digest of Gelatin 17.0 g
Peptones (meat and casein) 3.0 g
Lactose Monohydrate 10.0 g
Sodium Chloride 5.0 g
Bile Salts 1.5 g
Agar 13.5 g
Neutral Red 30.0 mg
Crystal Violet 1 mg
Purified Water 1000 mL

Adjust the pH so that after sterilization it is 7.1+ 0.2 at 258. Boil
for 1 minute with constant shaking, then sterilize in an autoclave us-
ing a validated cycle.

Rappaport Vassiliadis Salmonella Enrichment Broth

Soya Peptone 4.5 g
Magnesium Chloride Hexahydrate 29.0 g
Sodium Chloride 8.0 g
Dipotassium Phosphate 0.4 g
Potassium Dihydrogen Phosphate 0.6 g
Malachite Green 0.036 g
Purified Water 1000 mL

Dissolve, warming slightly. Sterilize in an autoclave using a vali-
dated cycle, at a temperature not exceeding 1158. The pH is to be
5.2+ 0.2 at 258 after heating and autoclaving.

Xylose Lysine Deoxycholate Agar

Xylose 3.5 g
L-Lysine 5.0 g
Lactose Monohydrate 7.5 g
Sucrose 7.5 g
Sodium Chloride 5.0 g
Yeast Extract 3.0 g
Phenol Red 80 mg
Agar 13.5 g
Sodium Deoxycholate 2.5 g
Sodium Thiosulfate 6.8 g
Ferric Ammonium Citrate 0.8 g
Purified Water 1000 mL

Adjust the pH so that after heating it is 7.4+ 0.2 at 258. Heat to
boiling, cool to 508, and pour into Petri dishes. Do not heat in an au-
toclave.

Cetrimide Agar

Pancreatic Digest of Gelatin 20.0 g
Magnesium Chloride 1.4 g
Dipotassium Sulfate 10.0 g
Cetrimide 0.3 g

Cetrimide Agar

Agar 13.6 g
Purified Water 1000 mL
Glycerol 10.0 mL

Heat to boiling for 1 minute with shaking. Adjust the pH so that
after sterilization it is 7.2+ 0.2 at 258. Sterilize in an autoclave using
a validated cycle.

Mannitol Salt Agar

Pancreatic Digest of Casein 5.0 g
Peptic Digest of Animal Tissue 5.0 g
Beef Extract 1.0 g
D-Mannitol 10.0 g
Sodium Chloride 75.0 g
Agar 15.0 g
Phenol Red 0.025 g
Purified Water 1000 mL

Heat to boiling for 1 minute with shaking. Adjust the pH so that
after sterilization it is 7.4+ 0.2 at 258. Sterilize in an autoclave using
a validated cycle.

Reinforced Medium for Clostridia

Beef Extract 10.0 g
Peptone 10.0 g
Yeast Extract 3.0 g
Soluble Starch 1.0 g
Glucose Monohydrate 5.0 g
Cysteine Hydrochloride 0.5 g
Sodium Chloride 5.0 g
Sodium Acetate 3.0 g
Agar 0.5 g
Purified Water 1000 mL

Hydrate the agar, and dissolve by heating to boiling with contin-
uous stirring. If necessary, adjust the pH so that after sterilization it is
about 6.8+ 0.2 at 258. Sterilize in an autoclave using a validated
cycle.

Columbia Agar

Pancreatic Digest of Casein 10.0 g
Meat Peptic Digest 5.0 g
Heart Pancreatic Digest 3.0 g
Yeast Extract 5.0 g
Maize Starch 1.0 g
Sodium Chloride 5.0 g
Agar, according to gelling power 10.0–15.0 g
Purified Water 1000 mL

Hydrate the agar, and dissolve by heating to boiling with continu-
ous stirring. If necessary, adjust the pH so that after sterilization it is
7.3+ 0.2 at 258. Sterilize in an autoclave using a validated cycle. Al-
low to cool to 458 to 508; add, where necessary, gentamicin sulfate
corresponding to 20 mg of gentamicin base, and pour into Petri dish-
es.

(Entire Chapter and revisions marked for IRA—Official May 1,
2009)
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h71i STERILITYTESTS

Change to read:

^Portions of this general chapter have been harmonized with the
corresponding texts of the European Pharmacopoeia and/or the Jap-
anese Pharmacopoeia. Those portions that are not harmonized are
marked with symbols (^^) to specify this fact.^.

.6
These Pharmacopeial procedures are not by themselves designed

to ensure that a batch of product is sterile or has been sterilized. This
is accomplished primarily by validation of the sterilization process or
of the aseptic processing procedures.

.The test is applied to substances, preparations or articles which,
according to the Pharmacopeia, are required to be sterile. However,
a satisfactory result only indicates that no contaminating micro-
organism has been found in the sample examined in the conditions of
the test..6

Add the following:

.PRECAUTIONS AGAINST MICROBIAL
CONTAMINATION

The test for sterility is carried out under aseptic conditions. In order
to achieve such conditions, the test environment has to be adapted to
the way in which the sterility test is performed. The precautions taken
to avoid contamination are such that they do not affect any micro-or-
ganisms which are to be revealed in the test. The working conditions
in which the tests are performed are monitored regularly by appropri-
ate sampling of the working area and by carrying out appropriate con-
trols..6

Change to read:

.CULTURE MEDIA AND INCUBATION TEMPERATURES.6

.Media for the test may be prepared as described below or equiv-
alent commercial media may be used provided that they comply
with.6 the requirements of the Growth Promotion Test of Aerobes,
Anaerobes, and Fungi. ..6
The following culture media have been found to be suitable for the

test for sterility. Fluid Thioglycollate Medium is primarily intended
for the culture of anaerobic bacteria. However, it will also detect aer-
obic bacteria. Soybean–Casein Digest Medium is suitable for the cul-
ture of both fungi and aerobic bacteria.

Fluid Thioglycollate Medium

L-Cystine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 g
Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . . 2.5 g
Dextrose .Monohydrate/Anhydrous.6 . . . . . . . . 5.5/5.0 g
Agar ..6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.75 g
Yeast Extract (water-soluble) . . . . . . . . . . . . . . 5.0 g
Pancreatic Digest of Casein . . . . . . . . . . . . . . . 15.0 g
Sodium Thioglycollate . . . . . . . . . . . . . . . . . . . 0.5 g
or Thioglycolic Acid . . . . . . . . . . . . . . . . . . 0.3 mL

Resazurin Sodium Solution (1 in 1000),
freshly prepared . . . . . . . . . . . . . . . . . . . . . . 1.0 mL

Purified Water . . . . . . . . . . . . . . . . . . . . . . . . 1000 mL

Mix the L-cystine, sodium chloride, dextrose, yeast extract, and
pancreatic digest of casein with the purified water, and heat until so-
lution is effected. Dissolve the sodium thioglycollate or thioglycolic
acid in the solution and, if necessary, add 1N sodium hydroxide so
that, after sterilization, the solution will have a pH of 7.1+ 0.2. If

filtration is necessary, heat the solution again without boiling, and fil-
ter while hot through moistened filter paper. Add the resazurin sodi-
um solution, mix, and place the medium in suitable vessels that
provide a ratio of surface to depth of medium such that not more than
the upper half of the medium has undergone a color change indicative
of oxygen uptake at the end of the incubation period. Sterilize using a
validated process. If the medium is stored, store at a temperature be-
tween 28 and 258 in a sterile, airtight container. If more than the upper
one-third of the medium has acquired a pink color, the medium may
be restored once by heating the containers in a water-bath or in free-
flowing steam until the pink color disappears and by cooling quickly,
taking care to prevent the introduction of nonsterile air into the con-
tainer. .Do not use the medium for a longer storage period than has
been validated..6
Fluid Thioglycollate Medium is to be incubated at .30–358. For

products containing a mercurial preservative that cannot be tested
by the membrane filtration method, fluid thioglycollate medium incu-
bated at 20–258 may be used instead of soybean casein digest medi-
um provided that it has been validated as described in growth
promotion test.Where prescribed or justified and authorized, the fol-
lowing alternative thioglycollate medium might be used. Prepare a
mixture having the same composition as that of the fluid thioglycol-
late medium, but omitting the agar and the resazurin sodium solution,
sterilize as directed above. The pH after sterilization is 7.1+ 0.2.
Heat in a water bath prior to use and incubate at 30–358 under anaer-
obic conditions..6

Soybean–Casein Digest Medium

Pancreatic Digest of Casein . . . . . . . . . . . . . . . 17.0 g
Papaic Digest of Soybean Meal . . . . . . . . . . . . 3.0 g
Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . . 5.0 g
Dibasic Potassium Phosphate . . . . . . . . . . . . . . 2.5 g
Dextrose .Monohydrate/Anhydrous.6 . . . . . . . . 2.5/2.3 g
Purified Water . . . . . . . . . . . . . . . . . . . . . . . . . 1000 mL

Dissolve the solids in the Purified Water, heating slightly to effect a
solution. Cool the solution to room temperature, and adjust the pH
with 1N sodium hydroxide so that, after sterilization, it will have a
pH of 7.3+ 0.2. Filter, if necessary to clarify, dispense into suitable
containers, and sterilize using a validated procedure. Store at a tem-
perature between 28 and 258 in a sterile well-closed container, unless
it is intended for immediate use. .Do not use the medium for a longer
storage period than has been validated..6
Soybean–Casein Digest Medium is to be incubated at 22.5+ 2.58.

^Media for Penicillins or Cephalosporins

Where sterility test media are to be used in the Direct Inoculation
of the Culture Medium method under Test for Sterility of the Product
to be Examined, modify the preparation of Fluid Thioglycollate Me-
dium and the Soybean–Casein Digest Medium as follows. To the con-
tainers of each medium, transfer aseptically a quantity of b-lactamase
sufficient to inactivate the amount of antibiotic in the specimen under
test. Determine the quantity of b-lactamase required to inactivate the
antibiotic by using a b-lactamase preparation that has been assayed
previously for its penicillin- or cephalosporin-inactivating power.
[NOTE—Supplemented b-lactamase media can also be used in the
membrane filtration test.]
Alternatively (in an area completely separate from that used for ste-

rility testing), confirm that an appropriate amount of b-lactamase is
incorporated into the medium, following either method under .Meth-
od Suitability.6 Test, using less than 100 colony-forming units (cfu) of
Staphylococcus aureus (see Table 1) as the challenge. Typical micro-
bial growth of the inoculated culture must be observed as a confirma-
tion that the b-lactamase concentration is appropriate.^
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Table 1. Strains of the Test Microorganisms Suitable for Use in
the Growth Promotion Test and the .Method Suitability.6 Test

Aerobic bacteria
Staphylococcus aureus..6 ATCC 6538, CIP 4.83,

NCTC 10788, NCIMB
9518, NBRC 13276

Bacillus subtilis ATCC 6633, CIP 52.62,
NCIMB 8054, NBRC
3134

Pseudomonas aeruginosa^1
^ ATCC 9027, NCIMB

8 6 2 6 , C I P 8 2 . 11 8 ,
NBRC 13275

Anaerobic bacterium
Clostridium sporogenes^2

^ ATCC 19404, CIP 79.3,
NCTC 532 or ATCC
11437, NBRC 14293

Fungi
Candida albicans ATCC 10231, IP 48.72,

NCPF 3179 , NBRC
1594

Aspergillus niger AT C C 1 6 4 0 4 , I P
1431.83, IMI 149007,
NBRC 9455

^1 .
An alternative microorganism is Micrococcus luteus (Kocuria rhizophi-

la), ATCC 9341.^.6
^2 .

An alternative to Clostridium sporogenes, when a nonspore-forming
microorganism is desired, is Bacetroides vulgatus (ATCC 8482).^.6

.
.6
The media used comply with the following tests, carried out be-

fore, or in parallel, with the test on the product to be examined.

STERILITY

Confirm the sterility of each sterilized batch of medium by incubat-
ing a portion of the media at the specified incubation temperature for
14 days. No growth of microorganisms occurs.

GROWTH PROMOTION TEST OF AEROBES, ANAEROBES, AND

FUNGI

Test each lot of ready-prepared medium and each batch of medium
prepared either from dehydrated medium or from ingredients. ..6

Suitable strains of microorganisms are indicated in Table 1.
Inoculate portions of Fluid Thioglycollate Medium with a small

number (not more than 100 cfu) of the following microorganisms,
using a separate portion of medium for each of the following species
of microorganism: Clostridium sporogenes, Pseudomonas aeru-
ginosa, and Staphylococcus aureus. ^Inoculate portions of Alterna-
tive Fluid Thioglycollate Mediumwith a small number (not more than
100 cfu) of Clostridium sporogenes.^ Inoculate portions of Soybean–
Casein Digest Medium with a small number (not more than 100 cfu)
of the following microorganisms, using a separate portion of medium
for each of the following species of microorganism: Aspergillus niger,
Bacillus subtilis, and Candida albicans. Incubate for not more than 3
days in the case of bacteria and not more than 5 days in the case of
fungi. .Seed lot culture maintenance techniques (seed-lot systems)
are used so that the viable microorganisms used for inoculation are
not more than five passages removed from the original master
seed-lot..6
The media are suitable if a clearly visible growth of the microor-

ganisms occurs.
.
.6

Change to read:

^DILUTING AND RINSING FLUIDS FOR MEMBRANE
FILTRATION

Fluid A

PREPARATION

Dissolve 1 g of peptic digest of animal tissue in water to make 1 L,
filter or centrifuge to clarify, if necessary, and adjust to a pH of
7.1+ 0.2. Dispense into containers, and sterilize using a validated
process.

PREPARATION FOR PENICILLINS OR CEPHALOSPORINS

Aseptically add to the above Preparation, if necessary, a quantity
of sterile b-lactamase sufficient to inactivate any residual antibiotic
activity on the membranes after the solution of the test specimen
has been filtered (see Media for Penicillins or Cephalosporins).

Fluid D

To each L of Fluid A add 1 mL of polysorbate 80, adjust to a pH of
7.1+ 0.2, dispense into containers, and sterilize using a validated
process. Use this fluid for articles containing lecithin or oil, or for
devices labeled as ‘‘sterile pathway.’’

Fluid K

Dissolve 5.0 g of peptic digest of animal tissue, 3.0 g of beef ex-
tract, and 10.0 g of polysorbate 80 in water to make 1 L. Adjust the
pH to obtain, after sterilization, a pH of 6.9+ 0.2. Dispense into con-
tainers, and sterilize using a validated process.^

Change to read:

.METHOD SUITABILITY.6 TEST

Carry out a test as described below under Test for Sterility of the
Product to be Examined using exactly the same methods, except for
the following modifications.

Membrane Filtration

After transferring the content of the container or containers to be
tested to the membrane, add an inoculum of a small number of viable
microorganisms (not more than 100 cfu) to the final portion of sterile
diluent used to rinse the filter.

Direct Inoculation

After transferring the contents of the container or containers to be
tested (for catgut and other surgical sutures for veterinary use:
strands) to the culture medium, add an inoculum of a small number
of viable microorganisms (not more than 100 cfu) to the medium.
In both cases use the same microorganisms as those described

above under Growth Promotion Test of Aerobes, Anaerobes, and
Fungi. Perform a growth promotion test as a positive control. Incu-
bate all the containers containing medium for not more than 5 days.
If clearly visible growth of microorganisms is obtained after the

incubation, visually comparable to that in the control vessel without
product, either the product possesses no antimicrobial activity under
the conditions of the test or such activity has been satisfactorily elim-
inated. The test for sterility may then be carried out without further
modification.
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If clearly visible growth is not obtained in the presence of the pro-
duct to be tested, visually comparable to that in the control vessels
without product, the product possesses antimicrobial activity that
has not been satisfactorily eliminated under the conditions of the test.
Modify the conditions in order to eliminate the antimicrobial activity,
and repeat the .Method Suitability.6 Test.
This .method suitability.6 is performed (a) when the test for steril-

ity has to be carried out on a new product; and (b) whenever there is a
change in the experimental conditions of the test. The .method suit-
ability.6 may be performed simultaneously with the Test for Sterility
of the Product to be Examined.

Change to read:

TEST FOR STERILITY OF THE PRODUCT TO
BE EXAMINED

^Number of Articles to Be Tested

Unless otherwise specified elsewhere in this chapter or in the indi-
vidual monograph, test the number of articles specified in Table 3. If
the contents of each article are of sufficient quantity (see Table 2),
they may be divided so that equal appropriate portions are added to
each of the specified media. [NOTE—Perform sterility testing employ-
ing two or more of the specified media.] If each article does not con-
tain sufficient quantities for each medium, use twice the number of
articles indicated in Table 3.^

Table 2. Minimum Quantity to be Used for Each Medium

Quantity per Container
Minimum Quantity to be Used

(unless otherwise justified and authorized)

Liquids .
.6

Less than 1 mL The whole contents of each container
1–40 mL Half the contents of each container, but not less than 1 mL
Greater than 40 mL, and not greater than 100 mL 20 mL
Greater than 100 mL 10% of the contents of the container, but not less than 20 mL
Antibiotic liquids 1 mL
.
.6

.
.6

Insoluble preparations, creams, and ointments to be suspended
or emulsified

Use the contents of each container to provide not less than 200 mg

Solids
Less than 50 mg The whole contents of each container
50 mg or more, but less than 300 mg Half the contents of each container, but not less than 50 mg
300 mg–5 g 150 mg
Greater than 5 g 500 mg

.
.6
Catgut and other surgical sutures for veterinary use 3 sections of a strand (each 30-cm long)
^Surgical dressing/cotton/gauze (in packages) 100 mg per package
Sutures and other individually packaged single-use material The whole device
Other medical devices The whole device, cut into pieces or disassembled^

Table 3. Minimum Number of Articles to be Tested in Relation to the Number of Articles in the Batch

Number of Items in the Batch.*.6
Minimum Number of Items to be Tested for Each Medium

(unless otherwise justified and authorized).**.6
Parenteral preparations
Not more than 100 containers 10% or 4 containers, whichever is the greater
More than 100 but not more than 500 containers 10 containers
More than 500 containers 2% or 20 containers, whichever is less
^For large-volume parenterals 2% or 10 containers, whichever is less

Antibiotic solids
Pharmacy bulk packages (55 g) 20 containers
Pharmacy bulk packages (�5 g) 6 containers
Bulks and blends See Bulk solid products^

Ophthalmic and other noninjectable preparations
Not more than 200 containers 5% or 2 containers, whichever is the greater
More than 200 containers 10 containers
If the product is presented in the form of single-dose containers,
apply the scheme shown above for preparations for parenteral use.

.
.6
Catgut and other surgical sutures for veterinary use 2% or 5 packages, whichever is the greater,

up to a maximum total of 20 packages
^Not more than 100 articles 10% or 4 articles, whichever is greater
More than 100, but not more than 500 articles 10 articles
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Table 3. Minimum Number of Articles to be Tested in Relation to the Number of Articles in the Batch (Continued)

Number of Items in the Batch.*.6
Minimum Number of Items to be Tested for Each Medium

(unless otherwise justified and authorized).**.6
More than 500 articles 2% or 20 articles, whichever is less^

Bulk solid products
Up to 4 containers Each container
More than 4 containers, but not more than 50 containers 20% or 4 containers, whichever is greater
More than 50 containers 2% or 10 containers, whichever is greater
.
*
If the batch size is unknown, use the maximum number of items prescribed.

**
If the contents of one container are enough to inoculate the two media, this column gives the number of containers needed for both the media together..6

The test may be carried out using the technique of Membrane Fil-
tration or by Direct Inoculation of the Culture Medium with the pro-
duct to be examined. Appropriate negative controls are included. The
technique of membrane filtration is used whenever the nature of the
product permits; that is, for filterable aqueous preparations, for alco-
holic or oily preparations, and for preparations miscible with, or sol-
uble in, aqueous or oily solvents, provided these solvents do not have
an antimicrobial effect in the conditions of the test.

Membrane Filtration

Use membrane filters having a nominal pore size not greater than
0.45 mm whose effectiveness to retain microorganisms has been es-
tablished. Cellulose nitrate filters, for example, are used for aqueous,
oily, and weakly alcoholic solutions; and cellulose acetate filters, for
example, are used for strongly alcoholic solutions. Specially adapted
filters may be needed for certain products (e.g., for antibiotics).
The technique described below assumes that membranes about 50

mm in diameter will be used. If filters of a different diameter are used,
the volumes of the dilutions and the washings should be adjusted ac-
cordingly. The filtration apparatus and membrane are sterilized by ap-
propriate means. The apparatus is designed so that the solution to be
examined can be introduced and filtered under aseptic conditions: it
permits the aseptic removal of the membrane for transfer to the me-
dium, or it is suitable for carrying out the incubation after adding the
medium to the apparatus itself.

AQUEOUS SOLUTIONS

If appropriate, transfer a small quantity of a suitable, sterile diluent
such as ^Fluid A (see Diluting and Rinsing Fluids for Membrane Fil-
tration)^ onto the membrane in the apparatus and filter. The diluent
may contain suitable neutralizing substances and/or appropriate inac-
tivating substances, for example, in the case of antibiotics.
Transfer the contents of the container or containers to be tested to

the membrane or membranes, if necessary, after diluting to the vol-
ume used in the .Method Suitability.6 Test with the chosen sterile dil-
uent, but using not less than the quantities of the product to be
examined prescribed in Tables 2 and 3. Filter immediately. If the pro-
duct has antimicrobial properties, wash the membrane not less than
three times by filtering through it each time the volume of the chosen
sterile diluent used in the .Method Suitability Test..6 Do not exceed a
washing cycle of 5 times .100 mL per filter,.6 even if during

.method
suitability.6 it has been demonstrated that such a cycle does not fully
eliminate the antimicrobial activity. Transfer the whole membrane to
the culture medium or cut it aseptically into two equal parts, and
transfer one half to each of two suitable media. Use the same volume
of each medium as in the .Method Suitability Test..6 Alternatively,
transfer the medium onto the membrane in the apparatus. Incubate
the media for not less than 14 days.

SOLUBLE SOLIDS
.
.6

Use for each medium not less than the quantity prescribed in Tables
2 and 3 of the product dissolved in a suitable solvent, such as .the
solvent provided with the preparation, sterile water for injection, ster-

ile saline or a suitable sterile solution such as.6
^Fluid A (Diluting and

Rinsing Fluids for Membrane Filtration),^ and proceed with the test
as described above for Aqueous Solutions using a membrane appro-
priate to the chosen solvent.

OILS AND OILY SOLUTIONS

Use for each medium not less than the quantity of the product pre-
scribed in Tables 2 and 3. Oils and oily solutions of sufficiently low
viscosity may be filtered without dilution through a dry membrane.
Viscous oils may be diluted as necessary with a suitable sterile diluent
such as isopropyl myristate shown not to have antimicrobial activity
in the conditions of the test. Allow the oil to penetrate the membrane
by its own weight, and then filter, applying the pressure or suction
gradually. Wash the membrane at least three times by filtering through
it each time about 100 mL of a suitable sterile solution such as ^Fluid
A (see Diluting and Rinsing Fluids for Membrane Filtration)^ con-
taining a suitable emulsifying agent at a concentration shown to be
appropriate in the .Method Suitability Test,.6 for example polysorbate
80 at a concentration of 10 g per L ^(Fluid K)^. Transfer the
membrane or membranes to the culture medium or media, or vice ver-
sa, as described above for Aqueous Solutions, and incubate at the
same temperatures and for the same times.

OINTMENTS AND CREAMS

Use for each medium not less than the quantities of the product
prescribed in Tables 2 and 3. Ointments in a fatty base and emulsions
of the water-in-oil type may be diluted to 1% in isopropyl myristate as
described above, by heating, if necessary, to not more than 408. In
exceptional cases it may be necessary to heat to not more than 448.
Filter as rapidly as possible, and proceed as described above for Oils
and Oily Solutions.

^PREFILLED SYRINGES

For prefilled syringes without attached sterile needles, expel the
contents of each syringe into one or two separate membrane filter fun-
nels or into separate pooling vessels prior to transfer. If a separate
sterile needle is attached, directly expel the syringe contents as indi-
cated above, and proceed as directed for Aqueous Solutions. Test the
sterility of the needle, using Direct Inoculation under .Method Suit-
ability.6 Test.

SOLIDS FOR INJECTION OTHER THAN ANTIBIOTICS

Constitute the test articles as directed on the label, and proceed as
directed for Aqueous Solutions or Oils and Oily Solutions, whichever
applies. [NOTE—If necessary, excess diluent can be added to aid in the
constitution and filtration of the constituted test article.]
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ANTIBIOTIC SOLIDS FOR INJECTION

Pharmacy Bulk Packages, 55 g—From each of 20 containers,
aseptically transfer about 300 mg of solids, into a sterile 500-mL con-
ical flask, dissolve in about 200 mL of Fluid A (see Diluting and Rin-
sing Fluids for Membrane Filtration), and mix; or constitute, as
directed in the labeling, each of 20 containers and transfer a quantity
of liquid or suspension, equivalent to about 300 mg of solids, into a
sterile 500-mL conical flask, dissolve in about 200 mL of Fluid A, and
mix. Proceed as directed for Aqueous Solutions or Oils and Oily So-
lutions, whichever applies.

Pharmacy Bulk Packages, �5 g—From each of 6 containers,
aseptically transfer about 1 g of solids into a sterile 500-mL conical
flask, dissolve in about 200 mL of Fluid A, and mix; or constitute, as
directed in the labeling, each of 6 containers and transfer a quantity of
liquid, equivalent to about 1 g of solids, into a sterile 500-mL conical
flask, dissolve in about 200 mL of Fluid A, and mix. Proceed as di-
rected for Aqueous Solutions.

ANTIBIOTIC SOLIDS, BULKS, AND BLENDS

Aseptically remove a sufficient quantity of solids from the appro-
priate amount of containers (see Table 2), mix to obtain a composite,
equivalent to about 6 g of solids, and transfer to a sterile 500-mL con-
ical flask. Dissolve in about 200 mL of Fluid A, and mix. Proceed as
directed for Aqueous Solutions.

STERILE AEROSOL PRODUCTS

For fluid products in pressurized aerosol form, freeze the con-
tainers in an alcohol-dry ice mixture at least at –208 for about 1 hour.
If feasible, allow the propellant to escape before aseptically opening
the container, and transfer the contents to a sterile pooling vessel. Add
100 mL of Fluid D to the pooling vessel, and mix gently. Proceed as
directed for Aqueous Solutions or Oils and Oily Solutions, whichever
applies.

DEVICES WITH PATHWAYS LABELED STERILE

Aseptically pass not less than 10 pathway volumes of Fluid D
through each device tested. Collect the fluids in an appropriate sterile
vessel, and proceed as directed for Aqueous Solutions or Oils and
Oily Solutions, whichever applies.
In the case of sterile, empty syringes, draw sterile diluent into the

barrel through the sterile needle, if attached, or through a sterile nee-
dle attached for the purpose of the test, and express the contents into a
sterile pooling vessel. Proceed as directed above.^

Direct Inoculation of the Culture Medium

Transfer the quantity of the preparation to be examined prescribed
in Tables 2 and 3 directly into the culture medium so that the volume
of the product is not more than 10% of the volume of the medium,
unless otherwise prescribed.
If the product to be examined has antimicrobial activity, carry out

the test after neutralizing this with a suitable neutralizing substance or
by dilution in a sufficient quantity of culture medium. When it is nec-
essary to use a large volume of the product, it may be preferable to use
a concentrated culture medium prepared in such a way that it takes
into account the subsequent dilution. Where appropriate, the concen-
trated medium may be added directly to the product in its container.

OILY LIQUIDS

Use media to which have been added a suitable emulsifying agent
at a concentration shown to be appropriate in the .Method Suitability
Test,.6 for example polysorbate 80 at a concentration of 10 g per L.

OINTMENTS AND CREAMS

Prepare by diluting to about 1 in 10 by emulsifying with the chosen
emulsifying agent in a suitable sterile diluent such as ^Fluid A (see
Diluting and Rinsing Fluids for Membrane Filtration).^ Transfer the
diluted product to a medium not containing an emulsifying agent.
Incubate the inoculated media for not less than 14 days. Observe

the cultures several times during the incubation period. Shake cul-
tures containing oily products gently each day. However, when .Flu-
id Thioglycollate Medium,.6 is used for the detection of anaerobic
microorganisms, keep shaking or mixing to a minimum in order to
maintain anaerobic conditions.

CATGUT AND OTHER SURGICAL SUTURES FOR VETERINARIAN

USE

Use for each medium not less than the quantities of the product
prescribed in Tables 2 and 3. Open the sealed package using aseptic
precautions, and remove three sections of the strand for each culture
medium. Carry out the test on three sections, each 30-cm long, which
have been cut off from the beginning, the center, and the end of the
strand. Use whole strands from freshly opened cassette packs. Trans-
fer each section of the strand to the selected medium. Use sufficient
medium to cover adequately the material to be tested (20 mL to 150
mL).

^SOLIDS

Transfer a quantity of the product in the form of a dry solid (or
prepare a suspension of the product by adding sterile diluent to the
immediate container), corresponding to not less than the quantity in-
dicated in Tables 2 and 3. Transfer the material so obtained to 200 mL
of Fluid Thioglycollate Medium, and mix. Similarly, transfer the same
quantity to 200 mL of Soybean–Casein Digest Medium, and mix.
Proceed as directed above.

PURIFIED COTTON, GAUZE, SURGICAL DRESSINGS, AND RELATED

ARTICLES

From each package of cotton, rolled gauze bandage, or large sur-
gical dressings being tested, aseptically remove two or more portions
of 100- to 500-mg each from the innermost part of the sample. From
individually packaged, single-use materials, aseptically remove the
entire article. Immerse the portions or article in each medium, and
proceed as directed above.

STERILE DEVICES

Articles can be immersed intact or disassembled. To ensure that
device pathways are also in contact with the media, immerse the ap-
propriate number of units per medium in a volume of medium suffi-
cient to immerse the device completely, and proceed as directed
above. For extremely large devices, immerse those portions of the
device that are to come into contact with the patient in a volume of
medium sufficient to achieve complete immersion of those portions.
For catheters where the inside lumen and outside are required to be

sterile, either cut them into pieces such that the medium is in contact
with the entire lumen or fill the lumen with medium, and then im-
merse the intact unit.^

OBSERVATION AND INTERPRETATION OF
RESULTS

At intervals during the incubation period and at its conclusion, ex-
amine the media for macroscopic evidence of microbial growth. If the
material being tested renders the medium turbid so that the presence
or absence of microbial growth cannot be readily determined by vi-
sual examination, 14 days after the beginning of incubation transfer
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portions (each not less than 1 mL) of the medium to fresh vessels of
the same medium, and then incubate the original and transfer vessels
for not less than 4 days.
If no evidence of microbial growth is found, the product to be ex-

amined complies with the test for sterility. If evidence of microbial
growth is found, the product to be examined does not comply with
the test for sterility, unless it can be clearly demonstrated that the test
was invalid for causes unrelated to the product to be examined. The
test may be considered invalid only if one or more of the following
conditions are fulfilled:
a. The data of the microbiological monitoring of the sterility test-

ing facility show a fault.
b. A review of the testing procedure used during the test in ques-

tion reveals a fault.
c. Microbial growth is found in the negative controls.
d. After determination of the identity of the microorganisms isolat-

ed from the test, the growth of this species (or these species) may
be ascribed unequivocally to faults with respect to the material
and or the technique used in conducting the sterility test proce-
dure.

If the test is declared to be invalid, it is repeated with the same
number of units as in the original test. If no evidence of microbial
growth is found in the repeat test, the product examined complies
with the test for sterility. If microbial growth is found in the repeat
test, the product examined does not comply with the test for sterility.

Change to read:

APPLICATIONOF THETEST TOPARENTERAL PREPARA-
TIONS, OPHTHALMIC, AND OTHER NONINJECTABLE
PREPARATIONS REQUIRED TO COMPLY WITH THE
TEST FOR STERILITY
When using the technique of membrane filtration, use, whenever

possible, the whole contents of the container, but not less than the
quantities indicated in Table 2, ..6 diluting where necessary to about
100 mL with a suitable sterile solution, such as ^Fluid A (seeDiluting
and Rinsing Fluids for Membrane Filtration).^

When using the technique of direct inoculation of media, use the
quantities shown in Table 2, ..6 unless otherwise justified and autho-
rized. The tests for bacterial and fungal sterility are carried out on the
same sample of the product to be examined. When the volume or the
quantity in a single container is insufficient to carry out the tests, the
contents of two or more containers are used to inoculate the different
media.

Add the following:

.MINIMUM NUMBER OF ITEMS TO BE TESTED

The minimum number of items to be tested in relation to the size of
the batch is given in Table 3.

(IRA revisions—Official May 1, 2009).6

Chromatographic Reagents

Change to read:

Packings

.L68—Spherical, porous silica, 10 mm or less in diameter, the sur-
face of which has been covalently modified with alkyl amide groups
and not endcapped.
[NOTE—Available as SUPELCOSIL SUPLEX pKb-100 from Su-

pelco (www.sigma-aldrich.com).].6
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or pending
official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be available as a cu-
mulative table in future Supplements and will appear in its corrected form in a future annual edition ofUSP–NF. Errata are considered to be items
erroneously published that have not received the approval of the Council of Experts and that do not reflect the official requirement. USP staff is
available to respond to questions regarding the accuracy of a particular requirement by calling 1-800-822-USPC.

USP31–NF26
Page Title Section Description

229 h601i Aerosols, Nasal Sprays,
Metered-Dose Inhalers, and
Dry Powder Inhalers

Metered-Dose Inhalers and
Dry Powder Inhalers

Table 9 under Data Analysis: Adjust the row for Filter
as shown in the table following this Errata report.

1688 Cefpodoxime Proxetil Definition Line 3: Change ‘‘(C15H17N5O6S2), calculated on the an-
hydrous basis.’’ to: (C15H17N5O6S2) per mg, calculated
on the anhydrous basis.

1721 Chloramphenicol Oral Solu-
tion

Identification Change ‘‘A volume of Oral Solution, equivalent to
about 250 mg of chloramphenicol, responds to the
Identification test under Chloramphenicol Capsules."
to: Prepare a Test solution containing 20 mg per mL
chloramphenicol from Oral Solution diluted with
water. The ultraviolet absorption spectrum of the Test
solution exhibits maxima and minima only at the same
wavelength as that of a similar solution of USP Chlor-
amphenicol RS, concomitantly measured.

1944 Diclofenac Sodium Delayed-
Release Tablets

Chromatographic purity Line 7 under Procedure: Change ‘‘10(C/A)(rU / rS)
in which C is the concentration, in mg per mL, of USP
Diclofenac Related Compound A RS in the Standard
solution; A is the quantity, in mg, of diclofenac sodium
(C14H10Cl2NNaO2) in the Tablets taken for the Assay,
as determined in the Assay;’’ to: (CS /CU)(rU / rS)(100)
in which CS is the concentration, in mg per mL, of USP
Diclofenac Related Compound A RS in the Standard
solution; CU is the concentration, in mg per mL, of di-
clofenac sodium in the Test solution, as determined in
the Assay;

1944 Diclofenac Sodium Delayed-
Release Tablets

Chromatographic purity Line 17 under Procedure: Change ‘‘10(C/A)(ri / rS)
in which’’ to: (ri / rS)(CS /Ci)(100)
in which CS is the concentration, in mg per mL, of USP
Diclofenac Related Compound A RS in the Standard
solution; Ci is the concentration, in mg per mL, of di-
clofenac sodium in the Test solution, as determined in
the Assay;

2052 Trace Elements Injection Assay for chromium (if pre-
sent)—INJECTIONS CONTAIN-

ING LESS THAN 3 mg OF Cr PER

mL

Line 3 under Standard preparations: Change ‘‘If the
Injection is not labeled as containing sodium chloride,
omit the addition of the Chromium Chloride Injec-
tion.’’ to: If the Injection is not labeled as containing
sodium chloride, omit the addition of the Sodium chlo-
ride solution.

2871 Oxprenolol Hydrochloride Ex-
tended-Release Tablets

Uniformity of dosage units
h905i

Line 3 under Procedure for content uniformity: Change
‘‘under Oxprenolol Tablets.’’ to: under Oxprenolol
Hydrochloride Tablets.

2871 Oxprenolol Hydrochloride Ex-
tended-Release Tablets

Assay Line 2: Change ‘‘of the Tablets tested as directed under
Uniformity of dosage units.’’ to: of the Tablets as direc-
ted for Uniformity of dosage units under Oxprenolol
Hydrochloride Tablets.

2897 Oxytocin Vasopressor activity Line 3: Change ‘‘dilution of the Standard solution of
USP Vasopressin RS containing 0.1 USP Vasopressin
Unit per mL.’’ to: dilution of the Standard solution of
USP Vasopressin RS that contains 0.1 USP Vasopres-
sin Unit per mL and a Test solution that contains 10
USP Oxytocin Units per mL.
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USP31–NF26
Page Title Section Description

3206 Rubidium Chloride Rb 82 Injec-
tion

Chemical purity Lines 8 and 11 under Procedure: Change two references
to ‘‘Tin standard solution’’ to: Tin standard solution B

3523 Sterile Water for Inhalation Water conductivity h645i Change ‘‘Water conductivity h645i—Perform Stage 2,
Step 4 using a sufficient amount of water to perform the
test. The conductivity is not more than 25 mS/cm for
containers with a nominal volume of 10 mL or less at
25+ 18; and not more than 5 mS/cm for containers with
a nominal volume greater than 10 mL at 25 + 18.’’ to:
Water conductivity, Packaged Water h645i: meets the
requirements.

3524 Sterile Water for Irrigation Water conductivity h645i Change ‘‘Water conductivity h645i—Perform Stage 2,
Step 4 using a sufficient amount of water to perform the
test. The conductivity is not more than 25 mS/cm for
containers with a nominal volume of 10 mL or less at
25+ 18; and not more than 5 mS/cm for containers with
a nominal volume greater than 10 mL at 25 + 18.’’ to:
Water conductivity, Packaged Water h645i: meets the
requirements.

3524 Sterile Purified Water Water conductivity h645i Change ‘‘Water conductivity h645i—Perform Stage 2,
Step 4 using a sufficient amount of water to perform the
test. The conductivity is not more than 25 mS/cm for
containers with a nominal volume of 10 mL or less at
25+ 18; and not more than 5 mS/cm for containers with
a nominal volume greater than 10 mL at 25 + 18.’’ to:
Water conductivity, Packaged Water h645i: meets the
requirements.

First Supplement to USP31–NF26

3650 Lipid Injectable Emulsion Fatty acid composition Line 16, after ‘‘maintained at a temperature of 2008.’’
add: The column is connected to a flame-ionization de-
tector.

Second Supplement to USP31–NF26

3821 Calcitonin Salmon Acetic acid content Change ‘‘between 4% and 20%.’’ to: between 4% and
15%.

3821 Calcitonin Salmon Related peptides and other re-
lated substances

Line 2 under Chromatographic system: Change ‘‘is
equipped with a 214-nm detector’’ to: is equipped with
a 220-nm detector

3848 Bovine Acellular Dermal Ma-
trix

Histological evaluation Line 10 under Sample Preparation and Staining: After
‘‘Stain in Hematoxylin solution for 6 to 15 minutes.
Wash in running tap water for 2 to 5 minutes.’’ add
the sentences: Stain in Eosin solution for 1 to 2 minutes.
Wash in running tap water for 2 to 5 minutes.

USP32–NF27

3329 Polyvinyl Alcohol Limit of methanol (methyl al-
cohol) and methyl acetate

Line 11 under Procedure: Change ‘‘W is the weight, in
g, of Polyvinyl Alcohol taken to prepare the Test solu-
tion;’’ to:W is the weight, in g, of Polyvinyl Alcohol on
the dried basis taken to prepare the Test solution;

Correction for chapter h601i

Table 9. Cumulative Percentage (Cum%) of Mass Less than the Stated Aerodynamic Diameter

Apparatus 1 Apparatus 2 Apparatus 3a Apparatus 4b Apparatus 5 Apparatus 6

Mass Cum%c D50
d Cum%c D50,Q

d Cum%c D50,Q
e Cum%c D50,Q

d Cum%c D50,Q
d Cum%c D50,Q

d

Filter 0.4 0.625 0.4 1.7 0.34 0.34
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IN-PROCESS REVISION
This section contains proposals for adoption as officialUSP or NF standards (either proposed new standards or proposed revisions of

current USP or NF standards). These may be any of the following: (1) items that previously appeared under Pharmacopeial Pre-

views and are now formally proposed as revisions, (2) proposed revisions placed directly under In-Process Revision, or (3) mod-

ifications of revisions previously proposed under In-Process Revision. Readers should review material in this section and provide

comments to the staff liaison (use the Staff Directory to find the contact information). Information on how to comment is found in the

Policies and Announcements section. It is important to send comments promptly so that the Committee members can consider read-

ers’ input as they are deciding whether to advance standards to official status.

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the
revision. Other relevant information. (For example, if a chromatographic method is being proposed, column spe-
cifications and retention times for compounds of interest.) Finally, the Committee designation (see How to Use
PF), the name of the scientific staff liaison who handled the particular issue, and the USP tracking correspondence
number, as shown in the example below:

(DSN: L. Evans) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. New text (if any) follows,

and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type (print edition only), as

shown in the examples below:

.new text.

if slated for an Interim Revision Announcement to USP 30–NF 25 (IRA);

~

new text
~USP31

if slated for USP 31–NF 26; and

&new text&

if slated for a Supplement to USP–NF. The same symbols not set off by an extra paragraph break and enclosing text with no increase

in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed text, such as . . or
&

& or
~

~
, it means that text has been deleted and no new text was proposed to replace it. In all revisions, the closing symbol is

accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as the publication where the

revision will appear if approved. For example, .2 indicates that the revision is proposed for the Interim Revision Announcement that

will appear in issue 2 of a given PF volume, &2S (USP 30) indicates that the proposed revision is slated for the Second Supplement to

USP 30, and
~USP31 and ~NF26 indicate that the revisions are proposed for USP 31 and NF 26, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title stated after

that specification will be substituted for the former title in the appropriate places throughout that monograph once this revision

becomes official.
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MONOGRAPHS (USP)

BRIEFING

Amiodarone Hydrochloride. Because there is no existing USP
monograph for this drug substance, a new monograph is being
proposed based on the official European Pharmacopoeia 5.8
monograph for all the tests, except for the Assay test method that
is based on a validated procedure. The liquid chromatographic
procedure in the test for Related compounds is based on analyses
performed using a Inertsil ODS-2GL chromatographic column
containing packing L1. The liquid chromatographic procedure in
the Assay is based on analyses performed using a Deltapak C4, 5-mm
chromatographic column containing packing L26. The typical
retention time for the amiodarone peak is about 8 minutes under
the conditions specified for the Assay.

(MD-CV: S. Ramakrishna) RTS—C58420

Add the following:

~Amiodarone Hydrochloride

C25H29I2NO3 �HCl 681.77

Methanone, (2-butyl-3-benzofuranyl)[4-[2-(diethylami-

no)ethoxy]-3,5-diiodophenyl]- hydrochloride.

2-Butyl-3-benzofuranyl 4-[2-(diethylamino)ethoxy]-3,5-diio-

dophenyl ketone hydrochloride [19774-82-4].

2-Butyl-3-benzofuranyl 4-[2-(diethylamino)ethoxy]-3,5-diio-

dophenyl ketone 645.31 [1951-25-3].

» Amiodarone Hydrochloride contains not less than

98.5 percent and not more than 101.0 percent of

C25H29I2NO3 �HCl, calculated on the dried basis.

Packaging and storage—Preserve in light-resistant, tight

containers. Store at controlled room temperature.

USP Reference standards h11i—USP Amiodarone Hydro-

chloride RS. USPAmiodarone Related Compound D RS. USP

Amiodarone Related Compound E RS. USP Amiodarone

Related Compound H RS.

Identification—

A: Infrared Absorption h197Ki.

B: It meets the requirements of the test for Chloride

h191i.

pH h791i: between 3.2 and 3.8. Dissolve 1 g of

Amiodarone Hydrochloride in water by heating at 808.

Cool, and dilute with water to 20 mL.

Loss on drying h731i—Using a 1-g sample, dry it under

vacuum (not more than 0.3 kPa) at 508 for 4 hours: it loses not

more than 0.5% of its weight.

Residue on ignition h281i: not more than 0.1%. Use a 1-g

sample for analysis.

Heavy metals—

Lead standard stock solution (1000 ppm)—Dissolve

0.400 g of lead nitrate in water, and dilute with water to

250.0 mL.

Lead standard solution—Immediately before use, dilute the

Lead standard stock solution (1000 ppm) quantitatively, and

stepwise if necessary, with water to obtain a solution having a

known concentration of 10 ppm of lead.

Buffer solution—Dissolve 25.0 g of ammonium acetate in

25 mL of water and add 38.0 mL of 70% hydrochloric acid.

Adjust, if necessary, with diluted hydrochloric acid or diluted

ammonia solution to a pH of 3.5. Dilute with water to 100.0

mL.

Phenolphthalein solution—Dissolve 0.1 g of phenolphtha-

lein in 80 mL of alcohol, and dilute with water to 100 mL.

Thioacetamide solution—Prepare a solution of 40 g of

thioacetamide per L of water. To 0.2 mL of the freshly

prepared solution, add 1 mL of a mixture of 85% glycerol,

1M sodium hydroxide, and water (20 : 15 : 5). Heat in a water

bath for 20 seconds.
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Test solution—Place about 1 g of Amiodarone Hydrochlo-

ride in a silica crucible along with 4 mL of magnesium sulfate

solution (250 g per L of diluted sulfuric acid). Mix using a

fine glass rod, and heat cautiously. If the mixture is a liquid,

evaporate gently to dryness on a water bath. Progressively

heat to ignition, and continue heating until an almost white or

a mostly grayish residue is obtained. Carry out the ignition at

a temperature not exceeding 8008. Allow to cool. Moisten the

residue with a few drops of dilute sulfuric acid. Evaporate,

ignite again and allow to cool. The total period of ignition

must not exceed 2 hours. Dissolve the residue in two portions,

5 mL each, of 20% hydrochloric acid. Add 0.1 mL of

Phenolphthalein solution followed by 25% ammonia water

until a pink color is obtained. Cool, add glacial acetic acid

until the solution is decolorized, and add 0.5 mL in excess.

Filter if necessary, wash the filter, and dilute with water to 20

mL.

Standard solution—Proceed as directed under the Test

solution, using 2 mL of Lead standard solution instead of the

Amiodarone Hydrochloride. To 10 mL of the solution

obtained, add 2 mL of the Test solution.

Monitor solution—Proceed as directed under the Test

solution adding 2 mL of the Test solution to 1 g of

Amiodarone Hydrochloride.

Blank solution—Prepare a mixture of 10 mL of water and

2 mL of the Test solution.

Procedure—To 12 mL each of the Standard solution, Test

solution, Blank solution, and Monitor solution, add 2 mL of

Buffer solution, and mix. Add 1.2 mL of Thioacetamide

solution, and immediately mix again. Examine the solutions

after 2 minutes. The test is invalid if the Standard solution

does not show a slight brown color compared to the Blank

solution or if the Monitor solution is not comparable with the

Standard solution; any brown color in the Test solution is not

more intense than that in the Standard solution: not more than

0.002% is found. [NOTE—If the result is difficult to judge,

filter the solutions through a 3-mm membrane filter. Carry out

the filtration slowly and uniformly, applying moderate and

constant pressure. Compare the spots on the filters obtained

from the different solutions.]

Iodides—

Solution A—Add 1.50 g of Amiodarone Hydrochloride to

40 mL of water at 808, and shake until completely dissolved.

Cool, and dilute with water to 50.0 mL.

Standard solution—To 15.0 mL of Solution A add 1.0 mL

of 0.1M hydrochloric acid, 1.0 mL of an 88.2 mg per L

solution of potassium iodide, and 1.0 mL of 0.05M

potassium iodate. Dilute with water to 20.0 mL. Allow to

stand protected from light for 4 hours.

Test solution—To 15.0 mL of Solution A add 1.0 mL of

0.1M hydrochloric acid and 1.0 mL of 0.05M potassium

iodate. Dilute with water to 20.0 mL. Allow to stand

protected from light for 4 hours.

Procedure—Measure the absorbances of the Standard

solution and Test solution at 420 nm, using a mixture of

15.0 mL of Solution A and 1.0 mL of 0.1M hydrochloric acid

diluted with water to 20.0 mL to serve as the blank. The

absorbance of the Test solution is not greater than half the

absorbance of the Standard solution.

Related compounds—[NOTE—The product meets the re-

quirements for both Test 1 and Test 2.]

TEST 1—

Developing solvent system—Prepare a mixture of methy-

lene chloride, methanol, and anhydrous formic acid

(85 : 10 : 5).

Potassium iodobismuthate solution—Dissolve 100 g of

tartaric acid in 400 mL of water, and add 8.5 g of bismuth

subnitrate. Shake for 1 hour, add 200 mL of a 400 g per L

solution of potassium iodide, and shake well. Allow to stand

for 24 hours, filter, and protect from light.

Standard solution 1—Transfer an accurately weighed

quantity of USP Amiodarone Related Compound H RS into

a suitable volumetric flask. Dissolve in and dilute with

methylene chloride to volume to obtain a solution having a

known concentration of 0.02 mg per mL.
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Standard solution 2—Mix 2.0 mL each of Standard

solution 1 and Test solution.

Test solution—Transfer an accurately weighed quantity of

Amiodarone Hydrochloride into a suitable volumetric flask.

Dissolve in and dilute with methylene chloride to volume to

obtain a solution having a known concentration of 100 mg per

mL.

Procedure—Apply 50 mL of Test solution and Standard

solution 1 and 100 mL of Standard solution 2 to a thin-layer

chromatographic plate (see Chromatography h621i, Thin-

Layer Chromatography,) coated with a suitable chromato-

graphic silica gel and a fluorescent indicator having a

maximum absorbance at 254 nm. Develop the plate in the

Developing solvent system until the solvent front has moved

not less than two-thirds the length of the plate, and dry in a

current of cold air. Spray the plate with Potassium

iodobismuthate solution and then with 3% hydrogen peroxide

solution. Examine immediately in daylight: the spot from

Standard solution 2 due to amiodarone related compound H

is clearly visible. Any spot with the same RF as the spot due to

amiodarone related compound H in the chromatogram

obtained with Standard solution 2 is not more intense than

the spot in the chromatogram obtained with Standard solution

1 (0.02%).

TEST 2—

Buffer solution—Add 3 mL of glacial acetic acid to 800 mL

of water. Adjust with diluted ammonia solution to a pH of

4.9. Dilute with water to 1000 mL, and mix.

Diluent—Prepare a mixture of acetonitrile and water (1 : 1).

Standard solution—Dissolve equal quantities of USP

Amiodarone Related Compound D RS, USP Amiodarone

Related Compound E RS, and USP Amiodarone Hydrochlo-

ride RS, accurately weighed, in methanol. Further dilute this

solution quantitatively, and stepwise if necessary, with

Diluent to obtain a solution having a known concentration

of 0.01 mg per mL of each of the Reference Standards.

Test solution—Transfer an accurately weighed quantity of

Amiodarone Hydrochloride into a suitable volumetric flask.

Dissolve in and dilute with Diluent to volume to obtain a

solution having a known concentration of 5 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 1 mL per minute. The column

temperature is maintained at about 308, and the run time is

approximately twice the retention time of amiodarone.

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the resolution, R,

between amiodarone related compound D and amiodarone

related compound E is not less than 3.5.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all of

the peak responses. Calculate the percentage of each impurity

in the portion of Amiodarone Hydrochloride taken by the

formula:

100(CS /CU) (ri / rS)

in which CS is the concentration, in mg per mL, of USP

Amiodarone Hydrochloride RS in the Standard solution; CU

is the concentration, in mg per mL of Amiodarone

Hydrochloride in the Test solution; ri is the peak response

for each impurity in the Test solution; and rS is the peak

response of the amiodarone peak as obtained from the

Standard solution: The impurities meet the limits specified in

Table 1. Disregard any peak that is less than 0.05%.
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Table 1

Component

Relative

Retention

Time

Limit

(%)

Amiodarone related compound Aa 0.26 0.2

Amiodarone related compound Db 0.29 0.2

Amiodarone related compound Ec 0.37 0.2

Amiodarone related compound Bd 0.49 0.2

Amiodarone related compound Ce 0.55 0.2

Amiodarone related compound Gf 0.62 0.2

Amiodarone related compound Fg 0.69 0.2

Amiodarone hydrochloride 1.00 —

Any other individual impurity — 0.10

Total impurities — 0.5

a (2-Butylbenzofuran-3-yl){4-[2-(diethylamino)ethoxy]phenyl}-
methanone.
b (2-Butylbenzofuran-3-yl)(4-hydroxy-3,5-diiodophenyl)methanone.
c (2-Butylbenzofuran-3-yl)(4-hydroxyphenyl)methanone.
d (2-Butylbenzofuran-3-yl){4-[2-(ethylamino)ethoxy]-3,5-diiodo-
phenyl}methanone.
e (2-Butylbenzofuran-3-yl){4-[2-(diethylamino)ethoxy]-3-iodophe-
nyl}methanone.
f [2-[(1RS)-1-Methoxybutyl]benzofuran-3-yl][4-[2-(diethylami-
no)ethoxy]-3,5-diiodophenyl]methanone.
g (2-Butylbenzofuran-3-yl)(4-hydroxy-3-iodophenyl)methanone.

Assay—

Buffer solution—Dissolve 6.80 g of monobasic potassium

phosphate in 900 mL of water, add 1.0 mL of triethylamine,

and adjust with phosphoric acid to a pH of 6.0+ 0.05. Dilute

to 1000 mL, and mix.

Diluent: a mixture of water and acetonitrile (1 : 1).

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and Buffer solution (1:l). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard stock preparation—Transfer an accurately

weighed quantity of USP Amiodarone Hydrochloride RS to

a suitable volumetric flask. Dissolve in and dilute with

methanol to volume to obtain a solution having a known

concentration of 0.5 mg per mL.

Standard preparation—Quantitatively dilute the Standard

stock preparation with Diluent to obtain a solution having a

known concentration of 0.1 mg per mL of amiodarone

hydrochloride.

Assay preparation—Transfer an accurately weighed quan-

tity of about 50 mg of Amiodarone Hydrochloride to a 100-

mL volumetric flask. Dissolve in and dilute with methanol to

volume, and mix. Further dilute this solution with Diluent to

obtain a final solution having a known concentration of 0.1

mg per mL of amiodarone hydrochloride.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detector

and a 3.9-mm 6 15-cm column that contains packing L26.

The flow rate is about 1.5 mL per minute. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the column efficiency is not less than

1000 theoretical plates; the tailing factor is not more than 2.0;

and the relative standard deviation for replicate injections is

not more than 1.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak responses. Calculate the percentage of

C25H29I2NO3 �HCl in the portion of Amiodarone Hydrochlo-

ride taken by the formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

amiodarone hydrochloride in the Standard preparation and

the Assay preparation, respectively; and rU and rS are the peak

responses obtained from the Assay preparation and the

Standard preparation, respectively.~USP33
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BRIEFING

Carbidopa and Levodopa Extended-Release Tablets. Because
there is no existing USP monograph for this drug product, a new
monograph is being proposed. The proposed HPLC tests in the
Related compounds and in the Assay are based on analyses
performed with the Thermo aquasil C18, brand of L1 column. The
typical retention time for levodopa is about 2.5 minutes and for
carbidopa is about 7 minutes in the Related compounds test. The
typical retention time for levodopa is about 2 minutes and for
carbidopa is about 5 minutes in the Assay test. The chromatographic
procedure in Dissolution Test 1 was validated using a Hypersil ODS
brand of L1 packing. The typical retention times are about 0.7
minutes for levodopa and 1.8 minutes for carbidopa. The
chromatographic procedure in Dissolution Test 2 was validated
using a Prodigy C8 brand of L7 packing. The typical retention times
are about 2.2 minutes for levodopa and 3 minutes for carbidopa. The
chromatographic procedure in Dissolution Test 3 was validated using
a Microbondpak C18 brand of L1 packing. The typical retention
times are about 3 minutes for levodopa and about 7 minutes for
carbidopa.

(MD-PP: H. Ramanathan; R.Ravichandran; BPC: M. Mar-
ques) RTS—C54645; C60692; C67105

Add the following:

~Carbidopa and Levodopa Extended-
Release Tablets

» Carbidopa and Levodopa Extended-Release

Tablets contain not less than 90.0 percent and not

more than 110.0 percent of the labeled amounts of

carbidopa (C10H14N2O4) and of Levodopa

(C9H11NO4).

Packaging and storage—Preserve in well-closed, light-

resistant containers, and store at controlled room temperature.

Labeling—When more than one Dissolution test is given, the

labeling states the test used only if Test 1 is not used.

USP Reference standards h11i—USP Carbidopa RS. USP

Levodopa RS. USP Methyldopa RS.

Identification—The retention times of the major peaks in the

chromatogram of the Assay preparation correspond to those

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i—[NOTE—Perform the test under low-

actinic light.]

TEST 1—

Medium: 0.1N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Times: 0.5, 1, and 2.5 hours.

Determine the amount of carbidopa and levodopa dissolved

by employing the following method.

Mobile phase—Prepare a filtered and degassed mixture of

water and glacial acetic acid (98 : 2). Make adjustments if

necessary (see System Suitability under h621i Chromatogra-

phy).

Standard solution—Dissolve accurately weighed quantities

of USP Carbidopa RS and USP Levodopa RS in 1M

phosphoric acid, and dilute quantitatively and stepwise, if

necessary, with 1M phosphoric acid to obtain a solution

having a known concentration of about 0.1 mg per mL and

0.4 mg per mL of carbidopa and levodopa, respectively.

Test solution—Pass a portion of the solution under test

through a suitable filter.

Chromatographic system—The liquid chromatograph is

equipped with a 280-nm detector and a 4.6-mm 6 5-cm

column that contains packing L1. The flow rate is about 2 mL

per minute and the column temperature is 358. Chromato-

graph the Standard solution, and record the peak responses as

directed for Procedure: the resolution, R, between levodopa

and carbidopa is not less than 1.3; and the relative standard

deviation for replicate injections is not more than 2.0% for

both levodopa and carbidopa.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and Test solution into the

chromatograph, and record the peak responses for the major

peaks. Calculate the amount of levodopa and carbidopa

dissolved by the following formulas:
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Determine the concentration (Ci), in mg per mL, of

carbidopa or levodopa in the Test solution at each time

point i:

Ci = [(rU / rS)6(CS)]

in which rU and rS are the peak responses for carbidopa or

levodopa obtained from the Test solution and Standard

solution, respectively; CS is the concentration, in mg per mL,

of carbidopa or levodopa in the Standard solution.

Tolerances—The percentages of the labeled amounts of

carbidopa and levodopa dissolved at the times specified

conform to Acceptance Table 2.

Carbidopa (mg)/

Levodopa (mg)

Time

(hours)

Amount

dissolved

25/100 0.5 between 30% and 55%

1 between 50% and 85%

2.5 not less than 80%

50/200 0.5 between 25% and 50%

1 between 45% and 80%

2.5 not less than 75%

TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium: simulated gastric fluid without enzyme; 900

mL.

Apparatus 2: 50 rpm.

Times: 0.5, 1, 2, and 3 hours.

Determine the amount of carbidopa and levodopa dissolved

by employing the following method.

Buffer—Dissolve 6.8 g of monobasic potassium phosphate

and 1.0 g of 1-hexanesulfonic acid in 1 L of water. Adjust the

pH to 3.3+ 0.05 with phosphoric acid.

Standard solution—Dissolve accurately weighed quantities

of USP Carbidopa RS and USP Levodopa RS inMedium, and

dilute quantitatively and stepwise, if necessary, with Medium

to obtain a solution having a known concentration of the

carbidopa and levodopa corresponding to each Tablet strength

as given in the table below.

Tablet strength, mg

per Tablet

Carbidopa/Levodopa

Final Standard solution

concentration, mg/mL

Carbidopa Levodopa

50/100 0.1 0.2

25/100 0.03 0.1

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer and methanol (4 : 1). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Chromatographic system—The liquid chromatograph is

equipped with a 280-nm detector and a 4.6-mm 6 15-cm

column that contains 5-mm packing L7. The flow rate is about

1 mL per minute. Chromatograph the Standard solution, and

record the peak responses as directed for Procedure: the

number of theoretical plates is not less than 2000 for both

levodopa and carbidopa; the tailing factor is not more than 2.0

for both levodopa and carbidopa; and the relative standard

deviation for multiple injections is not more than 2.0% for

both levodopa and carbidopa.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the major peaks.

Determine the concentration (Ci), in mg per mL, of

carbidopa or levodopa in the Test solution at each time

point i:

Ci = [(rU / rS)6CS]

in which rU and rS are the peak responses for carbidopa or

levodopa obtained from the Test solution and Standard

solution, respectively; CS is the concentration, in mg per mL,
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of carbidopa or levodopa in the Standard solution. Calculate

the percentage of carbidopa and levodopa dissolved at each

time point, i, by the formula:

(Ai + � Ar) 6(100 / L)

in which Ai = Vi 6 Ci, where Vi = volume remaining before

draw, in mL; Ci = concentration of Test solution, in mg per

mL; and Ar = Vr 6 Ci, where Vr = volume of sample

withdrawn, in mL; Ci is the concentration of Test solution, in

mg per mL; and L is the Tablet label claim of carbidopa or

levodopa, in mg.

Tolerances—The percentage of the labeled amount of

carbidopa and levodopa released at the times specified

conforms to Acceptance Table 2.

Time

(hours)

Amount

dissolved

0.5 between 20% and 35%

1 between 35% and 60%

2 between 65% and 95%

3 not less than 80%

TEST 3—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 3.

NOTE—Perform the test under low-actinic light.

Medium: 0.1N hydrochloric acid; 900 mL, degassed with

helium.

Apparatus 2: 50 rpm.

Times: 0.5, 1, 2.5, and 4 hours.

Determine the amount of carbidopa and levodopa dissolved

by employing the following method.

Buffer solution 1—Dissolve 0.24 g of sodium 1-decanesul-

fonate in 1 L of water.

Buffer solution 2—Dissolve 12.70 g of monobasic sodium

phosphate monohydrate in 1 L of water.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution 2 and Buffer solution 1 (950 : 1.3), and adjust

the pH to 2.80+ 0.05 with phosphoric acid. Add 48.7 parts

of water and mix. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard solution—Dissolve accurately weighed quantities

of USP Levodopa RS and USP Carbidopa RS inMedium, and

dilute quantitatively and stepwise, if necessary, with Medium

to obtain a solution having a known concentration of about

0.1 mg per mL of levodopa and 0.03 mg per mL of carbidopa.

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter, discarding the first few mL.

For the Tablet labeled to contain 50 mg of carbidopa and 200

mg of levodopa, transfer 3.0 mL of the Test solution to a test

tube, and mix with 3.0 mL of Medium.

Chromatographic system—The liquid chromatograph is

equipped with a 280-nm detector and a 3.9-mm 6 30-cm

column that contains packing L1. The flow rate is about 2 mL

per minute. Chromatograph the Standard solution, and record

the peak responses as directed for Procedure: the resolution,

R, between levodopa and carbidopa is not less than 6; and the

relative standard deviation for replicate injections is not more

than 2.0% for both levodopa and carbidopa. [NOTE—Use

0.1N phosphoric acid as the needlewash and set the system to

purge for 5 minutes after each injection.]

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and Test solution into the

chromatograph, and record the peak responses for the major

peaks. Calculate the amount of levodopa and carbidopa

dissolved by the following formulas:

Determine the concentration (Ci), in mg per mL, of

carbidopa or levodopa in the Test solution at each time

point i:

Ci = [(rU / rS) 6 (CS6D)]

in which rU and rS are the peak responses for carbidopa or

levodopa obtained from the Test solution and Standard

solution, respectively; CS is the concentration, in mg per mL,
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of carbidopa or levodopa in the Standard solution; and D is

the dilution factor of the Test solution. Calculate the

percentage of carbidopa and levodopa dissolved at each

time point, i, by the formula:

(Ai + � Ar) 6(100 / L)

in which Ai = Vi 6 Ci, where Vi = volume remaining before

draw, in mL; Ci = concentration of Test solution, in mg per

mL; and Ar = Vr 6Ci, where Vr = volume of sample

withdrawn, in mL; and Ci is the concentration of Test solution,

in mg per mL; and L is the Tablet label claim of carbidopa or

levodopa, in mg.

Tolerances—The percentage of the labeled amount of

carbidopa and levodopa released at the times specified

conforms to Acceptance Table 2.

Carbidopa (mg)/

Levodopa (mg)

Time

(hours)

Amount

dissolved

25/100 0.5 between 15% and 40%

1 between 25% and 65%

2.5 not less than 60%

4 not less than 80%

50/200 0.5 between 15% and 35%

1 between 25% and 65%

2.5 not less than 60%

4 not less than 80%

Uniformity of dosage units h905i: meets the requirements.

Related compounds—[NOTE—Inject the Test solution within

2 hours of preparation. It is recommended to protect the

volumetric preparations from light.]

Mobile phase—Prepare as directed in the Assay.

Standard solution—First dissolve accurately weighed

quantities of USP Levodopa RS, USP Carbidopa RS, and

USP Methyldopa RS in 0.1N phosphoric acid, using 10% of

the final volume, and then dilute with water to volume so that

the concentration of levodopa, carbidopa, and methyldopa is

1 mg per mL, 0.25 mg per mL and 0.25 mg per mL,

respectively. [NOTE—The concentration of carbidopa (anhy-

drous form) in mg per mL, can be calculated using the

molecular weights of carbidopa (anhydrous form, 226.23) and

carbidopa (monohydrate form, 244.24).] Dilute an aliquot of

this solution, in water, to obtain a solution having a known

concentration of about 1.25 mg per mL each of carbidopa and

methyldopa and about 5.0 mg per mL of levodopa.

Peak identification solution—First dissolve an accurately

weighed quantity of USP Carbidopa RS in a suitable

volumetric flask in 0.1N phosphoric acid, using 10% of the

final volume, then dilute with water to volume, and mix to

obtain a solution having a known concentration of about 0.25

mg per mL. Transfer a portion of this solution into a suitable

test tube. Heat in an 808 heating block for about ½ hour.

Remove and cool to room temperature. This solution is used

to identify 3,4-dihydroxyphenylacetone.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the

composite, equivalent to about 50 mg of carbidopa and 200

mg of levodopa, to a 200-mL volumetric flask. Add 20 mL of

0.1 N phosphoric acid, using sonication, if necessary to

dissolve. Add water up to 80% of the flask, and stir for at least

10 minutes. Dilute with water to volume, and mix well. Filter

with a 0.45-mm polyvinylidenefluoride filter. Discard the first

5 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L1. The flow rate is about 2.3 mL per minute. The column

temperature is maintained at 308. Chromatograph the

Standard solution, and record the peak areas as directed for

Procedure: the column efficiency is not less than 3000 plate

counts for both methyldopa and levodopa; the tailing factor is

not more than 2.0 for methyldopa and levodopa; the

resolution, R, between methyldopa and carbidopa is not less

than 4.0; and the relative standard deviation for five replicate

injections is not more than 2.0% for methyldopa and

levodopa.
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Procedure—Separately inject equal volumes (about 50 mL)

of the Peak identification solution, Standard solution, and the

Test solution into the chromatograph, record the chromato-

grams for about 14 times the retention time of levodopa.

Identify the peaks using the relative retention time values

given in Table 1. [NOTE—The Peak identification solution is

used to confirm the retention time for 3,4-dihydroxypheny-

lacetone.] Measure the peak areas for all peaks in the

Standard solution and the Test solution.

Table 1

Component

Name

Approx.

RRT

Limit

(%)

Levodopa 1.0 —

Levodopa impurity A* 1.4 0.2

Methyldopa** 2.1 0.5

Carbidopa 2.9 —

Levodopa impurity B* 3.1 0.2

Levodopa impurity C* 4.0 0.2

3,4-Dihydroxyphenylacetone (DHP)** 10.8 0.5

Any unspecified carbidopa impurity — 0.2

Total impurities (except methyldopa

and DHP)

— 1.0

* Calculated based on levodopa.
** Impurities calculated based on carbidopa.

Calculate the percentage of levodopa related impurities based

on label claim of levodopa, in the portion of Tablets taken by

the formula:

100(CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL, of levodopa

in the Standard solution; CU is the nominal concentration, in

mg per mL, based on the label claim of Tablets, in the Test

solution; ri is the peak response of each individual impurity in

the Test solution; and rS is the response of the levodopa peak

obtained from the Standard solution.

Calculate the percentage of carbidopa impurities, and any

other impurity based on label claim of carbidopa, in the

portion of the Tablets taken by the formula:

100(CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL, of

methyldopa in the Standard solution; CU is the nominal

concentration, in mg per mL, of carbidopa based on label

claim, in the Test solution; ri is the peak response of

methyldopa peak or peak response of each unknown impurity

in the Test solution; and rS is the response of methyldopa peak

obtained from the Standard solution.

Assay—[NOTE—Inject the Assay preparation within 2 hours

of preparation. It is recommended to protect the volumetric

preparations from light.]

Sodium 1-decanesulfonate solution—Prepare a 0.24 mg per

mL solution of sodium 1-decanesulfonate in water.

Mobile phase—Dissolve 11.04 g of monobasic sodium

phosphate in 950 mL of water in a beaker. Add 1.3 mL of

Sodium 1-decanesulfonate solution, and adjust with phospho-

ric acid to a pH of 2.8. Transfer to a 1-L volumetric flask,

dilute with water to volume. Mix well and degas.

Standard preparation—Transfer accurately weighed quan-

tities of USP Carbidopa RS and USP Levodopa RS into a

suitable volumetric flask, dissolve in 0.1 N phosphoric acid,

using 8% of the final volume. Sonicate if necessary. Dilute

with water to volume, and mix to obtain a solution having a

known concentration of about 0.1 mg per mL and 0.4 mg per

mL of carbidopa and levodopa, respectively.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of the

powder, equivalent to 1 Tablet weight, into a suitable

volumetric flask, dissolve in 0.1N phosphoric acid, using

10% of the final volume. Sonicate for 10 minutes, and then

stir for 30 minutes. Dilute with water to volume, stir for

another 20 minutes, and mix to obtain a solution having a
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nominal concentration of about 0.1 mg per mL of carbidopa

and 0.4 mg per mL of levodopa, based on the label claim.

Filter the solution with 0.45-mm polyvinylidenefluoride filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 4.6-mm 6 10-cm column that contains 5-mm packing

L1. The flow rate is about 2 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the resolution factor, R, between

levodopa and carbidopa is not less than 6; and the relative

standard deviation for five replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

label claim of levodopa (C9H11NO4) in the portion of the

Tablets taken by the formula:

100(CS /CU)(rU / rS)

in which CS is concentration of levodopa, in mg per mL, in

the Standard preparation; CU is the nominal concentration of

levodopa, based on label claim in the Assay preparation; and

rU and rS are the peak responses obtained from the Assay

preparation and Standard solution for levodopa peak,

respectively.

Calculate the percentage of label claim of carbidopa

(C10H14N2O4) in the portion of the Tablets taken by the

formula given above, where CS is concentration of carbidopa,

in mg per mL, in the Standard preparation; CU is the nominal

concentration of carbidopa, based on label claim in the Assay

preparation; and rU and rS are the peak responses obtained

from the Assay preparation and Standard preparation for

carbidopa peak, respectively.~USP33

BRIEFING

Cefazolin Sodium, USP 31 page 1666. On the basis of comments
received, it is proposed to add a test for Related compounds, based
on a validated HPLC procedure. The liquid chromatographic
procedure is based on analyses performed with the YMC-Pack Pro
C18 brand of L1 column. The typical retention time of cefazolin is
about 36 minutes. Also, the chemical structure was added to update
the monograph.

(MD-ANT: A. Wise) RTS—C46881

Change to read:

C14H13N8NaO4S3 476.49

~

~USP33

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 3-[[(5-
methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo-7-[[(1H-tetra-
zol-1-yl)acetyl]amino]-, monosodium salt (6R-trans).

Monosodium (6R,7R)-3-[[(5-methyl-1,3,4-thiadiazol-2-yl)thio]-
methyl]-8-oxo-7-[2-(1H-tetrazol-1-yl)acetamido]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylate [27164-46-1].

Add the following:

~Related compounds—[NOTE—Use the Test solution im-

mediately after preparation.]

Solution A—Dissolve about 6.8 g of monobasic potassium

phosphate in 800 mL of water, adjust with 10% sodium

hydroxide to a pH of 6.8, and dilute with water to 1000 mL.

Pass through a filter having a porosity of 0.45 mm or finer.

Solution B—Dissolve about 3.4 g of monobasic potassium

phosphate in 500 mL of water. Prepare a mixture of this

solution and acetonitrile (1 : 1). Pass through a filter having a

porosity of 0.45 mm or finer.

Mobile phase—Use variable mixtures of Solution A and

Solution B, as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i.)

Blank—Use Solution A.

Resolution solution—Prepare a solution containing about

2 mg of USP Cefazolin RS per mL of 0.05M sodium

hydroxide. Set the solution aside at room temperature for 5
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minutes. Prepare a 1 : 25 dilution of this solution in Solution

A. Pass through a filter having a porosity of 0.45 mm or finer.

[NOTE—The cefazolin epimer is formed upon treatment of

cefazolin with sodium hydroxide.]

Standard solution—Dissolve an accurately weighed quan-

tity of USP Cefazolin RS in Solution A, and dilute

quantitatively to obtain a solution having a known concen-

tration of about 0.025 mg per mL. Pass through a filter having

a porosity of 0.45 mm or finer.

Test solution—Transfer about 25 mg, accurately weighed,

of Cefazolin Sodium to a 10-mL volumetric flask, and dilute

with Solution A to volume to obtain a solution having a

nominal concentration of about 2.5 mg per mL. Pass through

a filter having a porosity of 0.45 mm or finer.

Chromatographic system—The liquid chromatograph is

equipped with either a programmable variable wavelength

detector or two separate detectors capable of monitoring at

210 nm and 254 nm, and a 4.6-mm 6 25-cm column that

contains 5-mm packing L1. The flow rate is about 1.5 mL per

minute. Maintain the column at a constant temperature of 308.

The chromatograph is programmed as follows:

Table 1

Time

(minutes) Solution A Solution B Elution

0–7 98 2 isocratic

7–15 98?85 2?15 linear

15–30 85?80 15?20 linear

30–35 80 20 isocratic

35–45 80?50 20?50 linear

45–50 50 50 isocratic

50–55 50?98 50?2 linear

55–65 98 2 isocratic

Chromatograph the Resolution solution at 254 nm, as directed

for Procedure: the resolution, R, between cefazolin and

cefazolin epimer is not less than 8.0.

Procedure—Separately inject equal volumes (about 20 mL)

of the Blank, the Standard solution, and the Test solution into

the chromatograph, record the chromatograms at 210 nm and

254 nm, and measure the area responses for all peaks.

Calculate the percentage of tetrazolylacetic acid and tetra-

zolylacetamide acetal in the portion of Cefazolin Sodium

taken by the formula:

(CS /CU)(ri(210) / rS(254))(1 /F)(100)

in which F is the relative response factor as indicated in Table

2; CS is the concentration of cefazolin in the Standard

solution;CU is the nominal concentration of Cefazolin Sodium

in the Test solution; ri(210) is the peak area of tetrazolylacetic

acid or tetrazolylacetamide acetal at 210 nm in the Test

solution; and rS(254) is the area of the cefazolin peak at 254 nm

in the Standard solution. Calculate the percentage of each

related compound other than tetrazolylacetic acid and

tetrazolylacetamide acetal in the portion of Cefazolin

Sodium taken by the formula:

(CS /CU)(ri / rS)(1 /F)(100)

in which ri is the peak area of each individual impurity peak

other than tetrazolylacetic acid and tetrazolylacetamide acetal

at 254 nm in the Test solution; and rS is the peak area of the

cefazolin peak at 254 nm in the Standard solution: the

impurities meet the limits listed in Table 2. Disregard any

peak corresponding to those obtained from the Blank.
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Table 2

Peak

Identification

Relative

Retention

Time

Relative

Response

Factor (F)

Limit

(%)

Analytical

Wavelength

(nm)

Tetrazolylacetic acid1 0.07 0.40 1.0 210

Tetrazolylacetamide acetal2 0.08 0.33 1.0 210

3Cefazolin open-ring lactone4 or

Cefazolin 3-hydroxymethyl5

0.20 1.0 0.5 254

Methylthiadiazole thiol6 0.23 0.91 1.0 254

7-Aminocephalosporanic acid7 0.42 1.1 1.0 254

Cefazolin 3-methyl analog8 0.44 0.87 1.0 254

Cefazolin lactone9 0.50 0.85 1.0 254

Cefazolin acetoxy analog10 0.61 0.68 1.0 254

Cefazolin deacylated11 0.68 1.2 1.0 254

12Cefazolin open-ring delta-3,13 or

Cefazolin open-ring delta-2,14 or

Cefazolin open-ring delta-415

0.84 1.0 0.5 254

Cefazolin 1.0 — — 254

Cefazolin epimer16 1.2 0.98 1.0 254

Cefazolin pivaloyl17 1.4 0.92 1.0 254

Any individual unspecified

impurity

— 1.0 0.1 254

Total impurities — — 3.5 —

1 2-(1H-Tetrazol-1-yl)acetic acid.
2 N-(2,2-Dihydroxyethyl)-2-(1H-tetrazol-1-yl)acetamide.
3 The identification of this impurity is tentative. The names of the most likely compounds are listed in footnotes 4 and 5.
4 (R)-2-[2-(1H-Tetrazol-1-yl)acetamido]-2-[(R)-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
5 (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-(hydroxymethyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
6 5-Methyl-1,3,4-thiadiazole-2-thiol (MMTD).
7 (6R,7R)-3-(Acetoxymethyl)-7-amino-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid (7-ACA).
8 (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
9 N-{(5aR,6R)-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl}-2-(1H-tetrazol-1-yl)acetamide.
10 (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-(acetoxymethyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
11 (6R,7R)-7-Amino-3-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
12 The identification of this impurity is tentative. The names of the most likely compounds are listed in footnotes: 13, 14, and 15.
13 (2R)-2-{(R)-[2-(1H-tetrazol-1-yl)acetamido](carboxy)methyl}-5-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-5,6-dihydro-2H-1,3-thiazine-
4-carboxylic acid.
14 (2R)-2-{(R)-[2-(1H-tetrazol-1-yl)acetamido](carboxy)methyl}-5-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-3,6-dihydro-2H-1,3-thiazine-
4-carboxylic acid.
15 (2R)-2-{(R)-[2-(1H-tetrazol-1-yl)acetamido](carboxy)methyl}-5-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-3,6-dihydro-2H-1,3-thiazine-
4-carboxylic acid.
16 (6R,7S)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-car-
boxylic acid.
17 (6R,7R)-3-((5-methyl-1,3,4-thiadiazol-2-ylthio)methyl)-8-oxo-7-pivalamido-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

~USP33
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BRIEFING

Cefixime for Oral Suspension, USP 31 page 1672. On the basis
of comments received, it is proposed to delete the test for Water. The
water content of dosage forms is dependent on the excipients used
and may vary widely between formulations. Stability data indicate
that water content has no impact on product quality.

(MD-ANT: A. Wise) RTS—C66045

Delete the following:

~

Water, Method I h921i: not more than 2.0%.~USP33

BRIEFING

Clavulanate Potassium, USP 31 page 1791. On the basis of
comments received, the following changes are proposed: in the test
for Limit of aliphatic amines, to provide the relative retention time
for the internal standard, 3-methyl-2-pentanone, and make other
corrections and clarifications; in addition, in the test for Limit of 2-
ethylhexanoic acid, to correct the flow rate of the carrier gas.

(MD-ANT: A. Wise) RTS—C52850

Change to read:

Limit of aliphatic amines—
Internal standard solution—Dissolve 50 mL of 3-methyl-2-

pentanone in water, dilute with water to 100.0 mL, and mix.
Test solution—Transfer 1.0 g of Clavulanate Potassium to a

centrifuge tube, add 5.0 mL of Internal standard solution, 5.0 mL of
2N sodium hydroxide,

~10 mL of water,~USP33
5.0 mL of isopropyl alcohol, and 5 g of sodium chloride. Shake for
1 minute, and centrifuge to separate the layers. Use the upper layer.
Reference solution—Dissolve 80.0 mg of each of the following

amines in 2N hydrochloric acid: 1,1-dimethylethylamine, diethyl-
amine, tetramethylethylenediamine, 1,1,3,3-tetramethylbutylamine,
and N,N’-diisopropylethylenediamine. Dilute with 2N hydrochloric
acid to 200.0 mL, and mix. Transfer 5.0 mL of this solution to a
centrifuge tube. Add 5.0 mL of Internal standard solution, 10.0 mL
of 2N sodium hydroxide, 5.0 mL of isopropyl alcohol, and 5 g of
sodium chloride. Shake for 1 minute, and centrifuge to separate the
layers. Use the upper layer.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and a
0.53-mm 6 50-m capillary fused silica column that contains a 5-mm
film coating of stationary phase G41. The temperatures of the
column, the injection port, and the detector block are programmed as
follows.

Time
(minutes) Temperature (8) Elution

Column 0–7 35 isothermal
7–10.8 35–150 linear gradient

10.8–25.8 150 isothermal
Injection port 200
Detector block 250

The carrier gas is helium flowing at a constant rate of about 8 mL per
minute. The split ratio is 1 : 10. Chromatograph the Reference
solution, record the peak responses as directed for Procedure, the
relative retention times are about 0.55 for 1,1-dimethylethylamine,

0.76 for diethylamine, 1.0 for isopropyl alcohol, 1.07 for
tetramethylethylenediamine, 1.13 for 1,1,3,3-tetramethylbutylamine,
1.33 for N,N’-diisopropylethylenediamine, and 1.57 for bis(2-
methylamino)ethyl ether.

~and identify the peaks by the relative retention times shown

in Table 1.

Table 1

Peak

Identification

Relative

Retention Time

1,1-Dimethylethylamine 0.55

Diethylamine 0.76

3-Methyl-2-pentanone (internal standard) 1.0

Tetramethylethylenediamine 1.07

1,1,3,3-Tetramethylbutylamine 1.13

N,N’-Diisopropylethylenediamine 1.33

Bis(2-methylamino)ethyl ethera 1.57

a The relative retention time for this compound is provided for
information only; bis(2-methylamino)ethyl ether is not a component
of the Reference solution.

~USP33

Procedure—Separately inject equal volumes (about 1 mL) of the
Test solution and the Reference solution into the chromatograph,
record the chromatograms, and measure the peak area responses.
Calculate the percentage of each impurity in the Clavulanate
Potassium taken by the formula:

0.2(ri / rS)

in which ri is the peak response for an individual impurity observed
in the chromatogram obtained from the Test solution; and rS is the
response for the peak corresponding to the relevant analyte in the
chromatogram obtained from the Reference solution. Calculate the
percentage of any individual impurity for which no relevant
reference compound is provided in the Reference solution by the
same formula, except for rS use the peak response corresponding to
the 1,1-dimethylethylamine peak. The total of all aliphatic amines is
not more than 0.2%.

Change to read:

Limit of 2-ethylhexanoic acid—
Internal standard solution—Prepare a solution of 3-cyclohexyl-

propionic acid in cyclohexane containing 1 mg per mL.
Standard solution—Transfer about 75 mg of 2-ethylhexanoic acid,

accurately weighed, to a 50-mL volumetric flask, dilute with Internal
standard solution to volume, and mix. Transfer 1.0 mL of this
solution to a centrifuge tube, and add 4.0 mL of 4N hydrochloric
acid. Shake for 1 minute, and allow the phases to separate,
centrifuging if necessary. Withdraw the lower phase, and reserve the
upper phase. To the lower phase add 1.0 mL of Internal standard
solution, and shake for 1 minute. Allow the phases to separate,
centrifuging if necessary. Withdraw the upper phase, and combine
with the reserved upper layer.
Test solution—Transfer about 300 mg of Clavulanate Potassium,

accurately weighed, to a centrifuge tube. Add 4.0 mL of 4N
hydrochloric acid, and shake with two successive 1.0 mL portions of
Internal standard solution. Allow the phases to separate, centrifug-
ing if necessary. Use the combined upper phases.
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and a
0.53-mm 6 25-m capillary fused silica column that contains a 1-mm
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film coating of stationary phase G35. The temperatures of the
column, the injection port, and the detector block are programmed as
follows.

Time
(minutes)

Temp-
erature (8)

Rate
(8 per
minute) Elution

Column 0–2 40 — isothermal
2–7.3 40–200 30 linear gra-

dient
7.3–10.3 200 — isothermal

In j e c t i on
port

200

D e t e c t o r
block

300

The carrier gas is hydrogen flowing at a constant rate of about
100 mL per minute.

~with a linear velocity of about 100 cm per second.~USP33
Chromatograph the Standard solution, and record the peak responses
as directed for Procedure: the resolution, R, between the 2-
ethylhexanoic acid peak and the 3-cyclohexylpropionic acid peak
is not less than 2.0.
Procedure—Separately inject equal volumes (about 1 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak area responses.
Calculate the percentage of 2-ethylhexanoic acid in the Clavulanate
Potassium taken by the formula:

2(WS /WU)(RU /RS)

in which WS is the weight, in mg, of 2-ethylhexanoic acid taken to
prepare the Standard solution; WU is the weight, in mg, of
Clavulanate Potassium taken to prepare the Test solution; and RU

and RS are the ratios of the 2-ethylhexanoic acid peak to the 3-
cyclohexylpropionic acid peak observed in the chromatograms
obtained from the Test solution and the Standard solution,
respectively. Not more than 0.8% is found.

BRIEFING

Clindamycin Palmitate Hydrochloride, USP 31 page 1797. In
an effort to modernize the currently official monograph, the
following changes are proposed:
1. Add the chemical structure.
2. Replace the packed column GC Assay method with a new

method based on a validated HPLC procedure. The liquid
chromatographic procedure is based on analyses performed
using a Waters Microbondapak C18 brand of L1 column. The
typical retention time for clindamycin is about 15 minutes.

(MD-ANT: A. Wise) RTS—C66576

Change to read:

C34H63ClN2O6S �HCl 699.85

~

~USP33

L-threo-a-D-galacto-Octopyranoside, methyl 7-chloro-6,7,8-tri-
deoxy-6-[[(1-methyl-4-propyl-2-pyrrolidinyl)carbonyl]amino]-
1-thio-2-hexadecanoate, monohydrochloride, (2S-trans)-.

Methyl 7-chloro-6,7,8-trideoxy-6-(1-methyl-trans-4-propyl-L-2-pyr-
rolidinecarboxamido)-1-thio-L-threo-a-D-galacto-octopyrano-
side 2-palmitate monohydrochloride [25507-04-4].

Change to read:

Assay—
Internal standard solution—Dissolve cholesteryl benzoate in

chloroform to obtain a solution containing about 5 mg per mL.
Standard preparation—Transfer about 150 mg of USP Clinda-

mycin Palmitate Hydrochloride RS, accurately weighed, to a glass-
stoppered, 15-mL conical centrifuge tube. Add 5 mL of water, 5.0
mL of Internal standard solution, and 1 mL of sodium carbonate
solution (3 in 10), and mix. Insert the stopper, shake vigorously for
not less than 10 minutes, and centrifuge. Remove the upper aqueous
layer, and transfer 1.0 mL of the lower chloroform layer to a 15-mL
centrifuge tube. Add 1.0 mL of pyridine and 1.0 mL of acetic
anhydride. Agitate the tube to ensure complete mixing, cover the top
of the centrifuge tube with a plastic cap through which a small hole
has been punched, heat at 1008 for 2.5 hours, and allow to cool. Mix,
and centrifuge, if necessary. Use the clear solution.
Assay preparation—Transfer about 150 mg of Clindamycin

Palmitate Hydrochloride, accurately weighed, to a glass-stoppered,
15-mL conical centrifuge tube, and proceed as directed for Standard
preparation, beginning with ‘‘Add 5 mL of water.’’
Chromatographic system (see Chromatography h621i)—The gas

chromatograph is equipped with a flame-ionization detector and
contains a 0.6-m6 3-mm glass column packed with 1 percent phase
G36 on support S1AB. The column and detector are maintained at
about 2908 and 3208, respectively. Dry helium is used as the carrier
gas at a flow rate of about 60 mL per minute.
Procedure—Separately inject equal volumes of about 1.0 mL of

the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the
responses for the major peaks. In a suitable chromatogram the
resolution of the peaks is complete. The elution order is: cholesteryl
benzoate, clindamycin palmitate. Calculate the potency, in mg of
clindamycin (C18H33ClN2O5S) per mg, in the Clindamycin Palmitate
Hydrochloride taken by the formula:

F(RU /RS)(WS /WU)

in which F is the potency, in mg of clindamycin per mg, of the USP
Clindamycin Palmitate Hydrochloride RS; RU and RS are the ratios of
the peak response of clindamycin palmitate to that of cholesteryl
benzoate obtained from the Assay preparation and the Standard
preparation, respectively; and WS and WU are the amounts, in mg, of
USP Clindamycin Palmitate Hydrochloride RS and Clindamycin
Palmitate Hydrochloride taken, respectively.

~Mobile phase—Dissolve 2 g of docusate sodium and

1.54 g of ammonium acetate in a mixture of 2 mL of glacial

acetic acid and 75 mL of water. Dilute with methanol to 1 L.
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Pass through a suitable filter, and degas. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

portion of USP Clindamycin Palmitate Hydrochloride RS in

Mobile phase, and dilute quantitatively with Mobile phase to

obtain a solution having a known concentration of about 14

mg of clindamycin palmitate hydrochloride per mL.

Assay preparation—Transfer about 140 mg of Clindamycin

Palmitate Hydrochloride, accurately weighed, to a 10-mL

volumetric flask, dissolve in and dilute with Mobile phase to

volume, and mix to obtain a solution having a nominal

concentration of about 14 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive index

detector and a 3.9-mm 6 30-cm column that contains 10-mm

packing L1. The flow rate is about 1.2 mL per minute.

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the relative

standard deviation for replicate injections is not greater than

2.0% for the clindamycin palmitate peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the potency, in

mg of clindamycin (C18H33ClN2O5S), in each mg of

Clindamycin Palmitate Hydrochloride taken by the formula:

(P)(CS /CU)(rU / rS)

in which P is the potency, in mg, of clindamycin per mg of

USP Clindamycin Palmitate Hydrochloride RS; CS is the

concentration, in mg per mL, of the Standard preparation; CU

is the nominal concentration, in mg per mL, of the Assay

preparation; and rU and rS are the peak areas for clindamycin

palmitate obtained from the Assay preparation and the

Standard preparation, respectively.~USP33

BRIEFING

Didanosine for Oral Solution, USP 31 page 1949. On the basis
of comments received, it is proposed to specify the packing
designation for the guard column used in the Assay.

(MD-AA: H. Ramanathan; B. Davani) RTS—C66474

Change to read:

Assay—
0.01M Ammonium acetate buffer solution—Dissolve 1.54 g of

ammonium acetate into a 2000-mL volumetric flask, dilute with
water to volume, mix, and pass through a 0.45-mm filter.
Mobile phase—Prepare a filtered degassed mixture of 0.01M

Ammonium acetate buffer solution and acetonitrile (24 : 1). Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard preparation—Dissolve an accurately weighed quantity

of USP Didanosine RS in water to obtain a solution containing 0.1
mg per mL. [NOTE—Use this solution within 24 hours of
preparation.]
Assay preparation—Transfer the contents of 1 bottle of Didano-

sine for Oral Solution to a suitable volumetric flask and dilute
stepwise, if necessary, to obtain a solution in water of about 0.1 mg
per mL. [NOTE—Use this solution within 24 hours of preparation.]
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector, a 4-mm
6 25-cm analytical column containing packing L1, and a 4.6-
6 20-mm guard column

~containing packing L1.~USP33
The flow rate is about 2.0 mL per minute. Chromatograph the
Standard preparation, and record the peak responses as directed for
Procedure: the retention time for didanosine is between 7 and 11
minutes; the column efficiency is not less than 6000 theoretical
plates; and the relative standard deviation for replicate injections is
not more than 1.5%.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the chromat-
ograph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity, in mg, of didanosine
(C10H12N4O3) in the portion of Didanosine for Oral Solution taken by
the formula:

CD(rU / rS)

in which C is the concentration, in mg per mL, of USP Didanosine
RS in the Standard preparation; D is the volume, in mL, of
Didanosine for Oral Solution used to prepare the Assay preparation
multiplied by the dilution factor of the Assay preparation; and rU and
rS are the peak responses obtained from the Assay preparation and
the Standard preparation, respectively.
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BRIEFING

Endotoxin Indicator for Depyrogenation. Because there is no
existing USP monograph for this article, a new monograph is being
proposed.

(MSA: R.Tirumalai) RTS—C67324

Add the following:

~Endotoxin Indicator for
Depyrogenation

An Endotoxin Indicator is a carrier (challenge vial

of endotoxin or an article spiked with endotoxin)

designed for use in depyrogenation studies. The

endotoxin (a purified lipopolysaccharide) is vali-

dated for use in or on an Endotoxin Indicator. The

carrier is made from a material appropriate for the

intended depyrogenation processes to which it will

be subjected. The endotoxin on a carrier is added at

a concentration sufficient to allow recovery of a

minimum of 1000 USP Endotoxin Units per carrier.

The Endotoxin Indicator would allow for accurate

indication of at least a 3-log reduction in USP

Endotoxin Units during depyrogenation process

challenges.

Packaging and storage—Store in the original package under

conditions recommended on the label, and protect from light,

toxic substances, excessive heat, and moisture. The packag-

ing and container materials do not adversely affect the

performance of the article, when used as directed in the

labeling.

Expiration date—The expiration date is determined on the

basis of stability studies from the date of manufacture, which

is the date on which the first determination of Endotoxin

Units was made.

Labeling—The label states that the article is or may be used

as an Endotoxin Indicator. It indicates the concentration in

USP Endotoxin Units per indicator and the recommended

storage conditions. The labeling states the source of the

endotoxin (e.g. species and strain number), and includes

instructions for preparation and safe disposal of the indicator.

If the carrier is labeled, the label must be either easily

removable or heat-resistant, with no substances that could

interfere with the assay. For Endotoxin Indicator vials, the

label shall include instructions for removal of the stopper

from vials prior to use. If the stopper is heat resistant and

designed to be left in the vial, the maximum processing

temperature is stated.

USP Reference standards h11i—USP Endotoxin RS.

Identification—The endotoxin (lipopolysaccharide) has the

same characteristics as those of the USP Endotoxin RS.

Carrier—The carrier should be the same as or chemically

similar to the surface or material used for measuring

depyrogenation, e.g., glass or stainless steel. If not similar,

then the carrier and endotoxin combination must be at least as

resistant to the depyrogenation process as the surface or

material being measured. The carrier must be depyrogenated

prior to the addition of the endotoxin to the carrier.

Endotoxin recovery tests—Proceed as directed for the

relevant technique under Bacterial Endotoxins Test h85i.

The requirements of the test are met if the determined

endotoxin concentration is within a factor of two of the

labeled endotoxin concentration.

Purity—

Absence of assay enhancing substances—The Endotoxin

Indicator should contain no substances (e.g., glucans) that can

result in enhancement of endotoxin spike recovery per the test

for interfering factors in Bacterial Endotoxins Test h85i.
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Absence of depyrogenation enhancing/inhibiting

substances—No substance (e.g., lactose, albumin, polyethyl-

ene glycol) should be present as filler for the endotoxin, as

this can result in enhanced or inhibited depyrogenation

effects.

Disposal—For destruction or discard, follow instructions

recommended by the manufacturer, or depyrogenate at 2508

for not less than 120 minutes.~USP33

BRIEFING

Fexofenadine Hydrochloride and Pseudoephedrine
Hydrochloride Extended-Release Tablets, USP 31 page 2164,
pages 546 and 892 of Interim Revision Announcements in PF 34(3)
and PF 34(4), respectively, page 262 of PF 34(2) [Mar.–Apr. 2008],
and page 1158 of PF 34(5) [Sept.–Oct. 2008]. It is proposed to add
Dissolution Test 3 for a generic version of this product recently
approved by FDA, and Dissolution Test 4 for a new product with a
24-hour dosing interval. In the absence of negative comments, it is
proposed to implement these revisions through an Interim Revision
Announcement in PF 35(2) [Mar.–Apr. 2009] with an official date of
April 1, 2009.

(BPC: M. Marques) RTS—C65449

Change to read:

Labeling—When more than one Dissolution test is given, the
labeling states the test used only if Test 1 is not used.

&If a test for Related compounds other than Test 1 is used, the

labeling states with which Related compounds tests the article

complies.&2S (USP32)

Change to read:

USP Reference standards h11i—
&USP Benzoic Acid RS.&2S (USP32)
USP Fexofenadine Hydrochloride RS. USP Fexofenadine Related
Compound A RS. USP Pseudoephedrine Hydrochloride RS.

Change to read:

Identification—
A: Infrared Absorption h197Ki—(For Bilayer Tablets)
FEXOFENADINE HYDROCHLORIDE—
Test specimen—Grind the fexofenadine hydrochloride layer of

1 Tablet, and transfer it into a 30-mL capped centrifuge tube. Add 20
mL of 1N sodium hydroxide, mix in a vortex mixer for 1 to
2 minutes, then centrifuge for 3 to 5 minutes at approximately 2500
rpm or greater. Decant the solution, and pass through a 25-mm glass
syringe filter. Add 10 mL of 10% hydrochloric acid, and heat this
solution, with stirring, to near boiling. Cool, and centrifuge for 3 to 5
minutes. Decant and discard the liquid, wash the precipitate with 10
mL of water, and centrifuge for 1 to 2 minutes. Decant and discard
the water, and dry the precipitate in an oven for 1 hour at 1058.

Standard specimen—Transfer a quantity, in mg, of USP
Fexofenadine Hydrochloride RS, equivalent to the labeled amount
of fexofenadine hydrochloride, to a 30-mL capped centrifuge tube,
and proceed as directed for Test specimen, beginning with ‘‘Add 20
mL of 1N sodium hydroxide’’.

PSEUDOEPHEDRINE HYDROCHLORIDE—
Test specimen—Grind the pseudoephedrine hydrochloride layer of

1 Tablet, and transfer it into a capped 30-mL centrifuge tube. Add 20
mL of 0.1N hydrochloric acid, mix on a vortex mixer for 1 to
2 minutes, and centrifuge for 3 to 5 minutes at approximately 2500
rpm or greater. Decant the solution, and pass through a 0.45-mm
nylon filter; discard the residue. Add 10 mL of 1N sodium
hydroxide, and pour it into a separatory funnel containing 15 mL of
methylene chloride. Carefully rotate and shake the funnel using care
not to form an emulsion. Allow the layers to separate for about 10
minutes. Decant the methylene chloride (lower) layer into a 50-mL
beaker, and filter through a glass funnel loaded with a glass wool
plug and 1 to 2 g of sodium sulfate. Evaporate to dryness. [NOTE—Do
not exceed 758 if a hot plate is used to aid evaporation.]
Standard specimen—Transfer a quantity, in mg, of USP

Pseudoephedrine Hydrochloride RS equivalent to the labeled
amount of pseudoephedrine hydrochloride to a 30-mL capped
centrifuge tube, and proceed as directed for Test specimen, beginning
with ‘‘Add 20 mL of 0.1N hydrochloric acid’’.
B:

&A:&1S (USP32)
The retention times of the major peaks in the chromatogram of the

Assay preparation correspond to those in the chromatogram of the
Standard preparation, as obtained in the Assay.
C:

&B:&1S (USP32)
Thin-Layer Chromatographic Identification Test h201i—.

.4
Adsorbent: 0.2-mm layer of high-performance thin-layer chro-

matographic silica gel mixture. Dry the plate at 1058 for one hour
before use.
Test solution—Weigh and finely powder not fewer than 4 Tablets.

Transfer powdered tablets equivalent to 30 mg of fexofenadine
hydrochloride and 60 mg of pseudoephedrine hydrochloride into a
suitable vessel, and add 5 mL of methanol. Cap the vessel, and shake
vigorously for about 2 minutes. Pass the resulting suspension
through a suitable 0.45-mm filter. Use the filtrate.
Fexofenadine hydrochloride standard solution—Dissolve an

accurately weighed quantity of USP Fexofenadine Hydrochloride
RS in methanol to obtain a solution having a known concentration of
about 6 mg per mL.
Pseudoephedrine hydrochloride standard solution—Dissolve an

accurately weighed quantity of USP Pseudoephedrine Hydrochloride
RS in methanol to obtain a solution having a known concentration of
about 12 mg per mL.
Application volume: 10 mL.
Developing solvent solution: a mixture of toluene, dehydrated

alcohol, and ammonium hydroxide (50 : 45 : 5).
Procedure—Proceed as directed in the chapter, using the

Developing solvent system. After removal of the plate, mark the
solvent front, and allow the plate to air-dry. Heat the plate at 1058
until the odor of ammonia disappears (approximately 5 minutes).
Allow the plate to cool, and examine under UV light at 254 nm. The
RF values are about 0.17 for fexofenadine and 0.39 for pseudoe-
phedrine. The RF value of fexofenadine hydrochloride in the test
sample is comparable to that of fexofenadine hydrochloride in the
Standard solution. The RF value of pseudoephedrine hydrochloride
in the test sample is comparable to that of pseudoephedrine
hydrochloride in the Standard solution.

Change to read:

Dissolution h711i—
.TEST 1—.3
Medium: 0.001N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Times: fexofenadine hydrochloride: 15 and 45 minutes; pseu-

doephedrine hydrochloride: 45 minutes; 3, 5, and 12 hours.
Determine the percentages of the labeled amounts of fexofenadine

hydrochloride (C32H39NO4 �HCl) and of pseudoephedrine hydrochlo-
ride (C10H15NO �HCl) dissolved by using the following method.
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Buffer solution—Dissolve 14.0 g of monobasic sodium phosphate
monohydrate in 2 L of water. Adjust with 85% phosphoric acid to a
pH of 2.00+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution and acetonitrile (55 : 45). Make adjustments if necessary
(see System suitability under Chromatography h621i).
Standard solution—[NOTE—A small amount of methanol, not to

exceed 0.5% of the total volume, can be used to dissolve the
fexofenadine hydrochloride.] Dissolve accurately weighed quantities
of USP Fexofenadine Hydrochloride RS and USP Pseudoephedrine
Hydrochloride RS inMedium, and dilute quantitatively, and stepwise
if necessary, to obtain a solution containing known concentrations
similar to those expected in the solution under test.
Test solution—Use portions of the solution under test passed

through a 0.45-mm nylon filter.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 210-nm detector and a
4.6-mm 6 25-cm column containing packing L6. The flow rate is
about 1.0 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the resolution,
R, between fexofenadine and pseudoephedrine is not less than 3.0;
the tailing factor is not more than 1.5 for fexofenadine and for
pseudoephedrine; and the relative standard deviation for replicate
injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Standard solution and the Test solution into the chromatograph, and
record the peak responses for fexofenadine and pseudoephedrine.
Calculate the amounts of fexofenadine hydrochloride
(C32H39NO4 �HCl) and pseudoephedrine hydrochlor ide
(C10H15NO �HCl) dissolved.
Tolerances—For fexofenadine hydrochloride (C32H39NO4 �HCl),

not less than 65% (Q) of the labeled amount is dissolved in 15
minutes and not less than 80% (Q) of the labeled amount is dissolved
in 45 minutes; the percentages of the labeled amount of
pseudoephedrine hydrochloride (C10H15NO �HCl) dissolved at the
times specified conform to Acceptance Table 2 under Dissolution
h711i.

Time
Amount dissolved

(average)
45 minutes not more than 36%
3 hours between 45% and 69%
5 hours between 61% and 80%
12 hours not less than 80%

.TEST 2—If the product complies with this test, the labeling
indicates that the product meets USP Dissolution Test 2.
Medium: 0.001N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Times: fexofenadine hydrochloride: 45 minutes; pseudoephed-

rine hydrochloride: 30 minutes; 2, 4, and 12 hours.
Determine the percentages of the labeled amounts of fexofenadine

hydrochloride (C32H39NO4 �HCl) and of pseudoephedrine hydrochlo-
ride (C10H15NO �HCl) dissolved by using the following method.
Buffer solution—Dissolve about 2.7 g of monobasic potassium

phosphate and 2.2 g of sodium 1-octanesulfonate in 1000 mL of
water. Adjust with phosphoric acid to a pH of 2.50+ 0.05.
Mobile phase—Prepare a filtered and degassed mixture of Buffer

solution, methanol, and acetonitrile (4 : 3 : 3). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Fexofenadine standard stock solution—Transfer about 66 mg,

accurately weighed, of USP Fexofenadine Hydrochloride RS to a
100-mL volumetric flask. Add 10 mL of methanol, and swirl until
dissolved. Add about 50 mL ofMedium, and mix. Allow the solution
to equilibrate to room temperature, and dilute with Medium to
volume.
Pseudoephedrine standard stock solution—Transfer about 66 mg,

accurately weighed, of USP Pseudoephedrine Hydrochloride RS to a
100-mL volumetric flask. Add 10 mL of methanol, and swirl until
dissolved. Add about 50 mL ofMedium, and mix. Allow the solution
to equilibrate to room temperature, and dilute with Medium to
volume.

Working standard solution—Transfer 10.0 mL of Fexofenadine
standard stock solution and 20.0 mL of Pseudoephedrine standard
stock solution to a 100-mL volumetric flask, dilute with Medium to
volume, and mix.
Test solution—Pass a portion of the solution under test through a

suitable filter having a porosity of 0.45 mm.
Chromatographic system—The liquid chromatograph is equipped

with a 215-nm detector and a 4.6-mm 6 25-cm column containing
5-mm packing L7. The flow rate is about 1.5 mL per minute.
Chromatograph the Working standard solution, and record the peak
responses as directed for Procedure: the resolution, R, between
fexofenadine and pseudoephedrine is not less than 2.0; the tailing
factor for the fexofenadine peak is not more than 2.0, and for the
pseudoephedrine peak, not more than 2.5; and the relative standard
deviation for replicate injections for both peaks is not more than
2.0%.
Procedure—Separately inject equal volumes (about 10 mL) of the

Working standard solution and the Test solution into the chromat-
ograph, and record the peak responses for fexofenadine and
pseudoephedrine. Calculate the amounts of fexofenadine hydrochlo-
ride (C32H39NO4 �HCl) and pseudoephedrine hydrochloride
(C10H15NO �HCl) dissolved.
Tolerances—For fexofenadine hydrochloride (C32H39NO4 �HCl),

not less than 80% (Q) of the labeled amount is dissolved in 45
minutes; and the percentages of the labeled amount of pseudoe-
phedrine hydrochloride (C10H15NO �HCl) dissolved at the times
specified conform to Acceptance Table 2 under Dissolution h711i.

Time
Amount dissolved

(average)
30 minutes not more than 35%
2 hours between 38% and 58%
4 hours between 56% and 76%
12 hours not less than 80%

.3

.TEST 3—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 3.

Medium: 0.001N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Times: 30 minutes for fexofenadine hydrochloride; 1, 3,

5, and 12 hours for pseudoephedrine hydrochloride.

Determine the percentages of the labeled amounts of

fexofenadine hydrochloride (C32H39NO4 �HCl) and of pseu-

doephedrine hydrochloride (C10H15NO �HCl) dissolved by

using the chromatographic procedure described under Test 1.

To l e rance s—For f exo f enad ine hyd roch lo r i de

(C32H39NO4 �HCl), not less than 80% (Q) of the labeled

amount is dissolved in 30 minutes; the percentages of theIn
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labeled amount of pseudoephedrine hydrochloride

(C10H15NO �HCl) dissolved at the times specified conform

to Acceptance Table 2 under Dissolution h711i.

Time (hours)

Amount dissolved

(average)

1 between 22% and 42%

3 between 40% and 60%

5 between 50% and 70%

12 not less than 75%

TEST 4—For products labeled with a dosing interval of 24

hours. If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 4.

Medium: 0.001N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Times: 30 minutes for fexofenadine hydrochloride; 3, 7,

and 23 hours for pseudoephedrine hydrochloride.

Determine the percentages of the labeled amounts of

fexofenadine hydrochloride (C32H39NO4 �HCl) and of pseu-

doephedrine hydrochloride (C10H15NO �HCl) dissolved by

using the chromatographic procedure described under Test 1.

To l e rance s—For f exo f enad ine hyd roch lo r i de

(C32H39NO4 �HCl), not less than 80% (Q) of the labeled

amount is dissolved in 30 minutes; the percentages of the

labeled amount of pseudoephedrine hydrochloride

(C10H15NO �HCl) dissolved at the times specified conform

to Acceptance Table 2 under Dissolution h711i.

Time

(hours)

Amount dissolved

(average)

3 between 10% and 30%

7 between 35% and 65%

23 not less than 80%

.2

Change to read:

Related compounds—

&[NOTE—Based on knowledge of the product, perform either:

(a) Test 1 or (b) Test 2, Test 3, and Test 4.]

TEST 1—&2S (USP32)
Buffer solution, Mobile phase, System suitability preparation, and

Chromatographic system—Proceed as directed in the Assay.
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Reference solution—Use the Assay preparation.
Test solution—Use the Assay stock preparation, prepared as

directed in the Assay.
Chromatographic system (see Chromatography h621i)—Chro-

matograph the System suitability preparation as directed for
Procedure: the relative retention times are about 1.2 for ephedrone
and 1.0 for pseudoephedrine; the resolution, R, between pseudoe-
phedrine and ephedrone is not less than 1.7; and the relative standard
deviation for replicate injections is not more than 1.0% based on the
pseudoephedrine peak. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the relative
retention times are about 1.2 for fexofenadine related compound A,
3.1 for decarboxylated degradant, and 1.0 for fexofenadine; the
resolution, R, between fexofenadine and fexofenadine related
compound A is not less than 2.0; and the relative standard deviation
for replicate injections is not more than 1.0% based on the
fexofenadine peak and not more than 3.0% based on the individual
peaks for fexofenadine related compound A and decarboxylated
degradant.
Procedure—Separately inject equal volumes (about 20 mL) of the

Test solution and the Reference solution into the chromatograph,
record the chromatograms, and measure all of the peak responses.
Calculate the percentage of fexofenadine related compound A and
decarboxylated degradant in the portion of Tablets taken by the
formula:

100(CS /CT)(ri / rS)

in which CS is the concentration, in mg per mL, of either USP
Fexofenadine Related Compound A RS or decarboxylated degradant
in the Standard solution; CT is the nominal concentration, in mg per
mL, of fexofenadine .hydrochloride.4 in the Test solution; ri is the
individual peak area of either fexofenadine related compound A or
decarboxylated degradant obtained from the Test solution; and rS is
the peak area of fexofenadine related compound A obtained from the
Standard solution. Calculate the percentage of ephedrone in the
portion of Tablets taken by the formula:

(100/F)(CS /CT)(ri / rS)

in which F is the relative response factor for ephedrone (F is 0.394);
CS is the concentration, in mg per mL, of USP Pseudoephedrine
Hydrochloride RS in the Standard solution; CT is the nominal
concentration, in mg per mL, of pseudoephedrine .hydrochloride.4
in the Test solution; ri is the peak height for ephedrone obtained from
the Test solution; and rS is the peak height for pseudoephedrine
obtained from the Standard solution. Calculate the percentage of any
other impurities in the portion of Tablets taken by the formula:

100ri / (25rS + rT)

in which ri is the individual peak area response for an individual
unknown impurity in the Test solution; 25 is the difference in
concentration between the Test solution and the Reference solution;
rS is the peak area response for fexofenadine .hydrochloride.4
obtained from the Reference solution; and rT is the sum of the
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peak area responses of all unknown impurities in the Test solution.
Disregard any peak below 0.05%.

Table 1

Compound

Relative
Retention
Time

Acceptance
Criteria

Pseudoephedrine 1.0 —
Ephedrone 1.2a not more than 0.2%
Fexofenadine 1.0 —
Fexofenadine related
compound A

1.2b not more than 0.4%

Decarboxylated degra-
dant1

3.1b not more than 0.2%

.Tertiary dehydrated im-
purity2.4

1.8 not more than 0.2%

Any individual other
impurity

— .not more than 0.2%.4

.
.4
Total impurities — not more than 0.8%

a Relative to pseudoephedrine.
b Relative to fexofenadine.
1 (+)-4-(1-Hydroxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-butyl]-
isopropylbenzene.
2 .4-[4{4-(Diphenylmethylene)-1-piperidinyl}-1-hydroxybutyl]-2,2-dimethyl
phenyl acetic acid..4

&TEST 2—

Phosphate buffer—Dissolve 2.7 g of monobasic potassium

phosphate and 2.2 g of sodium 1-octanesulfonate in 1000 mL

of water, and adjust with phosphoric acid to a pH of 2.50+

0.05.

Mobile phase—Prepare a filtered and degassed mixture of

methanol and Phosphate buffer (60 : 40). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard stock solution—Dissolve accurately weighed

quantities of USP Fexofenadine Hydrochloride RS in Mobile

phase, and dilute quantitatively, and stepwise if necessary,

with Mobile phase, to obtain a solution having a known

concentration of about 0.18 mg per mL.

Standard solution—Transfer 6.0 mL of the Standard stock

solution into a 100-mL volumetric flask, dilute with Mobile

phase to volume, and mix.

Limit of quantitation solution—Transfer 5.0 mL of the

Standard solution into a 100-mL volumetric flask, dilute with

Mobile phase to volume, and mix.

Test solution—Weigh and finely powder 9 Tablets, and

quantitatively transfer the ground powder to a 500-mL

volumetric flask, with the aid of about 200 mL of Mobile

phase. Sonicate for about 10 minutes, and add an additional

100 mL of Mobile phase. Shake by mechanical means for

about 30 minutes, dilute with Mobile phase to volume, and

mix. Pass a portion of the solution through a 0.45-mm

polypropylene or polysulfone membrane filter, and discard at

least the first 10 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with the wavelength set at 215-nm and a 4.6-mm 6 25-cm

column that contains 5-mm packing L1. The flow rate is about

1 mL per minute, and the run time is about six times the

retention time of fexofenadine. Chromatograph the Limit of

quantitation solution as directed for Procedure: the signal-to-

noise ratio is not less than 10. Chromatograph the Standard

solution as directed for Procedure: the tailing factor for the

fexofenadine peak is not more than 2.0; and the relative

standard deviation for replicate injections is not more than

5.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all

the peak responses. Calculate the amount of each impurity, as

a percentage of the label claim of fexofenadine hydrochloride

in the portion of Tablets taken by the formula:

100(1 /F)(CS /CT)(ri / rS)

in which F is the relative response factor (see Table 2 for

values); CS is the concentration, in mg per mL, of

fexofenadine hydrochloride in the Standard solution; CT is

the nominal concentration, in mg per mL, of fexofenadine

hydrochloride in the Test solution; ri is the response of

individual impurities from the Test solution; and rS is the

response obtained for fexofenadine in the Standard solution.

The impurity limits are as shown in Table 2.
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Table 2

Compound

Relative

Retention

Time

Relative

Response

Factor

Limits

(%)

Fexofenadine 1.0 1.0 —

Meta fexofenadine 1.14 1.0 0.2

Fexofenadine related

compound A

1.38 0.83 0.4

Tertiary dehydrated im-

purity*

2.25 1.3 0.2

Individual unspecified

impurity

— 1.0 0.2

Total impurities — — 0.5

* 4-[4{4-(Diphenylmethylene)-1-piperidinyl}-1-hydroxybutyl]-2,2-
dimethyl phenyl acetic acid.

TEST 3—

Acetate buffer—Dissolve 2.0 g of ammonium acetate in 500

mL of water.

Mobile phase—Prepare a filtered and degassed mixture of

methanol and Acetate buffer (95 : 5). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Diluent—Use methanol and water (1 : 1).

Standard stock solution—Dissolve accurately weighed

quantities of USP Pseudoephedrine Hydrochloride RS in

Diluent, and dilute quantitatively, and stepwise if necessary,

with Diluent to obtain a solution having a known concentra-

tion of about 0.18 mg per mL.

Standard solution—Transfer 6.0 mL of the Standard stock

solution into a 100-mL volumetric flask, dilute with Diluent

to volume, and mix.

Limit of quantitation solution—Transfer 5.0 mL of the

Standard solution into a 100-mL volumetric flask, dilute with

Diluent to volume, and mix.

Test solution—Weigh and finely powder 9 Tablets, and

quantitatively transfer the ground powder to a 500-mL

volumetric flask, with the aid of about 200 mL of Diluent.

Sonicate for about 10 minutes, and add 100 mL of Diluent.

Shake by mechanical means for about 30 minutes, dilute with

Diluent to volume, and mix. Pass a portion of the solution

through a 0.45-mm polypropylene or polysulfone membrane

filter, and discard at least the first 10 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with the wavelength set at 215-nm, and a 4.6-mm 6 25-cm

column that contains 5-mm packing L3. The flow rate is about

1 mL per minute. Chromatograph the Limit of quantitation

solution as directed for Procedure: the signal-to-noise ratio is

not less than 10. Chromatograph the Standard solution as

directed for Procedure: the tailing factor for the pseudoe-

phedrine peak is not more than 2.0; and the relative standard

deviation for replicate injections is not more than 5.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all

the peak responses. Calculate the amount of each impurity, as

a percentage of the label claim of pseudoephedrine

hydrochloride in the portion of Tablets taken by the formula:

100 (1 /F)(CS /CT)(ri / rS)

in which F is the relative response factor (F is equal to 0.52

for ephedrone, the peak with a relative retention time of about

0.85 relative to the pseudoephedrine peak, and is equal to 1.0

for any unspecified impurity); CS is the concentration, in mg

per mL, of pseudoephedrine hydrochloride in the Standard

solution; CT is the nominal concentration, in mg per mL, of

pseudoephedrine hydrochloride in the Test solution; ri is the

response of individual impurities from the Test solution; and

rS is the response obtained for pseudoephedrine in the

Standard solution. Not more than 0.2% of ephedrone is

found, and not more than 0.1% of any individual unspecified

impurity is found.
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TEST 4—

Phosphate buffer—Dissolve 2.7 g of monobasic potassium

phosphate and 2.2 g of sodium 1-octanesulfonate in 1000 mL

of water, and adjust with phosphoric acid to a pH of 2.50+

0.05.

Solution A—Prepare a filtered mixture of methanol and

Phosphate buffer (40 : 60).

Solution B—Prepare a filtered mixture of methanol and

Phosphate buffer (70 : 30).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent—Use methanol and water (1 : 1).

Standard stock solution—Dissolve accurately weighed

quantities of USP Benzoic Acid RS in Diluent, and dilute

quantitatively, and stepwise if necessary, with Diluent to

obtain a solution having a known concentration of about 0.18

mg per mL.

Standard solution—Transfer 6.0 mL of the Standard stock

solution into a 50-mL volumetric flask, dilute with Diluent to

volume, and mix.

Limit of quantitation solution—Transfer 5.0 mL of the

Standard solution into a 100-mL volumetric flask, dilute with

Diluent to volume, and mix.

Test solution—Weigh and finely powder 9 Tablets, and

quantitatively transfer the ground powder to a 500-mL

volumetric flask, with the aid of about 200 mL of Diluent.

Sonicate for about 10 minutes, and add 100 mL of Diluent.

Shake by mechanical means for about 30 minutes, dilute with

Diluent to volume, and mix. Pass a portion of the solution

through a 0.45-mm polypropylene or polysulfone membrane

filter, and discard at least the first 10 mL of the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with the wavelength set at 215-nm and a 4.6-mm 6 25-cm

column that contains 5-mm packing L1. The flow rate is about

1 mL per minute. The chromatograph is programmed as

follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–40 100 0 isocratic

40–41 100?0 0?100 gradient

41–65 0 100 isocratic

65–66 0?100 100?0 gradient

66–90 100 0 isocratic

Chromatograph the Limit of quantitation solution as directed

for Procedure: the signal-to-noise ratio is not less than 10.

Chromatograph the Standard solution as directed for

Procedure: the tailing factor for the benzoic acid peak is

not more than 2.0; and the relative standard deviation for

replicate injections is not more than 5.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and Test solution into the

chromatograph, record the chromatograms, and measure all

the peak responses. Calculate the amount of each impurity, as

a percentage of the label claim of pseudoephedrine

hydrochloride in the portion of Tablets taken by the formula:

100(1 /F)(CS /CT)(ri / rS)

in which F is the relative response factor (see Table 3 for

values); CS is the concentration, in mg per mL, of benzoic

acid in the Standard solution; CT is the nominal concentration,

in mg per mL, of pseudoephedrine hydrochloride in the Test

solution; ri is the response of individual impurities from the
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Test solution; and rS is the response obtained for benzoic acid

in the Standard solution. The impurity limits are as shown in

Table 3.

Table 3

Compound

Relative

Retention

Time

Relative

Response

Factora

Limits

(%)

Benzaldehyde 0.43 0.40 0.1

Benzoic acid 0.55 1.0 0.1

Ephedroneb 0.97 — —

Pseudoephedrine 1.0 0.52 —

Individual unspeci-

fied impurity

— 0.52c 0.1

a Response factors relative to benzoic acid.
b Ephedrone is not quantitated in this method. A separate method is
used for the quantitation of this impurity.
c The response factor of pseudoephedrine relative to that of benzoic
acid is used in the calculation of individual unspecified impurities.

The combined total of impurities from Test 3 and Test 4 is not

more than 0.3%.&2S (USP32)

Change to read:

Assay—
Buffer solution—Dissolve 6.8 g of sodium acetate and 16.22 g of

sodium 1-octanesulfonate in water, and dilute with water to 1 L.
Adjust with glacial acetic acid to a pH of 4.6.
Mobile phase—Prepare a filtered and degassed mixture of

methanol and Buffer solution (65 : 35). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
System suitability preparation—Transfer an accurately weighed

quantity, about 40 mg, of USP Pseudoephedrine Hydrochloride RS
to a 50-mL volumetric flask. Add 5 mL of tert-butylhydroperoxide
solution, and sonicate. Cover the flask opening with aluminum foil,
and place the flask in an oven at about 908 for 60 minutes. Remove
from the oven, and allow to cool. Add 35 mL of Mobile phase, and
cool to room temperature. Dilute with Mobile phase to volume, and
mix. The degradation of pseudoephedrine hydrochloride by this
process produces the related compound ephedrone.
Related compounds preparation—Dissolve accurately weighed

quantities of USP Fexofenadine Related Compound A RS and
decarboxylated degradant .*.4 in a volume of methanol, and dilute
quantitatively, and stepwise if necessary, with Buffer solution to
maintain a ratio of methanol and Buffer solution (60 : 40). Dilute
quantitatively, and stepwise if necessary, with methanol and Buffer
solution (60 : 40) to obtain a solution having known concentrations
of 0.2 mg per mL for each component. Dilute 10.0 mL of this
solution with Mobile phase to 100 mL to obtain a final solution
having known concentrations of 0.02 mg per mL for each
component.

Standard stock preparation—Dissolve accurately weighed
quantities of USP Fexofenadine Hydrochloride RS and USP
Pseudoephedrine Hydrochloride RS in Mobile phase, and dilute
quantitatively, and stepwise if necessary, withMobile phase to obtain

a solution having known concentrations of about 0.4 mg per mL and
0.8 mg per mL of fexofenadine .hydrochloride.4 and pseudoephed-
rine .hydrochloride,.4 respectively.
Standard preparation—Dilute 6.0 mL of the Standard stock

preparation and 15.0 mL of the Related compounds preparation
with Mobile phase to 50 mL to obtain a solution having known
concentrations of about 0.048 mg of fexofenadine hydrochloride per
mL, 0.096 mg of pseudoephedrine hydrochloride per mL, 0.006 mg
of fexofenadine related compound A per mL, and 0.006 mg of
decarboxylated degradant per mL.

Assay stock preparation—Transfer not fewer than 10 whole
Tablets to a 500-mL volumetric flask. Add 300 mL of methanol, and
shake by mechanical means at high speed for 60 minutes. Sonicate
the flask for 60 minutes at 408. Add 150 mL of Buffer solution, and
sonicate for 60 minutes at 408. Vent the flask, and vigorously shake
the flask by hand at 15-minute intervals during the mechanical
shaking and sonication steps. Cool to room temperature, and dilute
with Buffer solution to volume to obtain a solution containing
approximately 1.2 mg of fexofenadine .hydrochloride.4 per mL and
2.4 mg of pseudoephedrine .hydrochloride.4 per mL. Pass a portion
of this solution through a filter having a 0.45-mm or finer porosity,
and use the filtrate.
Assay preparation—Dilute 4.0 mL of the Assay stock preparation

filtrate with Mobile phase to 100 mL. The final concentrations of
fexofenadine .hydrochloride.4 and pseudoephedrine .hydrochlo-
ride.4 are 0.048 mg per mL and 0.096 mg per mL, respectively.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 215-nm detector and a
4.6-mm 6 5-cm column that contains 5-mm packing L6 connected
in series to a 4.6-mm 6 25-cm column that contains 5-mm packing
L11. The flow rate is about 1.5 mL per minute. The column
temperature is maintained at 358. Chromatograph the System
suitability preparation as directed for Procedure: the relative
retention times are about 1.2 for ephedrone and 1.0 for pseudoe-
phedrine; the resolution, R, between pseudoephedrine and ephedrone
is not less than 1.7

&1.5;&2S (USP32)
and the relative standard deviation for replicate injections is not more
than 1.0% based on the pseudoephedrine peak. Chromatograph the
.Standard preparation,.4 and record the peak responses as directed
for Procedure: the relative retention times are about 1.2 for
fexofenadine related compound A, 3.1 for decarboxylated degradant,
and 1.0 for fexofenadine; the resolution, R, between fexofenadine
and fexofenadine related compound A is not less than 2.0; and the
relative standard deviation for replicate injections is not more than
1.0% based on the fexofenadine peak.

Procedure—Separately inject equal volumes (about 20 mL) of the
Standard preparation and Assay preparation into the chromato-
graph, record the chromatograms, and measure the responses for the
fexofenadine and pseudoephedrine peaks. Calculate the percentage
of the label claim of fexofenadine hydrochloride (C32H39NO4 �HCl)
and pseudoephedrine hydrochloride (C10H15NO �HCl) in the portion
of Tablets taken by the formula:

100(CS /CT)(rU / rS)

in which CS is the concentration, in mg per mL, of either USP
Fexofenadine Hydrochloride RS or USP Pseudoephedrine Hydro-
chloride RS in the Standard preparation; CT is the nominal
concentration, in mg per mL, of either fexofenadine .hydrochlo-
ride.4 or pseudoephedrine .hydrochloride.4 in the Assay prepara-
tion; and rU and rS are the peak responses obtained for either
fexofenadine or pseudoephedrine from the Assay preparation and
the Standard preparation, respectively.

* .Available from USP as USP Fexofenadine Related Compound C AS, Cat#
1270446..4
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BRIEFING

Galantamine Tablets, page 3639 of the First Supplement to USP
31. On the basis of comments received, the following changes are
being proposed to accommodate all approved products:
Under Related compounds:

1. Include two new specified impurities, N-desmethylgalantamine
and O-desmethylgalantamine, with a limit of ‘‘not more than
0.5%’’ for each compound.

2. Increase the limit for 6b-hexahydrogalantamine from ‘‘not more
than 0.30%’’ to ‘‘not more than 0.75%’’. Add a second trivial
name, galantamine N-oxide, for this impurity.

3. Specify a limit of ‘‘not more than 0.5% for 6a-hexahydroga-
lantamine’’. Add a second trivial name, epigalantamine, for this
impurity.

4. For 6b-octahydrogalantamine, add a second trivial name
lycoramine.

5. Increase the limit for any individual unspecified degradation
product from ‘‘not more than 0.20%’’ to ‘‘not more than 0.2%’’,
to be consistent with ICH Q3B.

6. Increase the limit for total impurities from ‘‘not more than
1.0%’’ to ‘‘not more than 1.5%’’.

Under Dissolution:
1. Revise the Tolerances.
2. Add Dissolution Test 2 and a Labeling section.
Subject to consideration of comments received during the

comment period, it is proposed to implement this revision via the
Interim Revision Announcement pertaining to USP 31–NF 26 in PF
35(2) [Mar.–Apr. 2009] with an official date of April 1, 2009.

(MD-PP: R. Ravichandran; BPC: M. Marques) RTS—C67632;
C67632; C55179

Add the following:

.Labeling—When more than one Dissolution test is given,

the labeling states the test used only if Test 1 is not used..2

Change to read:

Dissolution h711i—

.TEST 1—.2
Medium: water; 500 mL.
Apparatus 2: 50 rpm.
Time: 20 minutes.
Standard solution—Dissolve an accurately weighed quantity of

USP Galantamine Hydrobromide RS in Medium, and dilute
quantitatively, and stepwise if necessary, to obtain a solution
having a known concentration of about 0.008 mg per mL of
galantamine for Tablets labeled to contain 4 mg; about 0.016 mg per
mL of galantamine for Tablets labeled to contain 8 mg; and about
0.024 mg per mL of galantamine for Tablets labeled to contain 12
mg. [NOTE—The concentration of galantamine (free base), in mg per
mL, can be calculated using the molecular weights of galantamine
(287.35) and galantamine hydrobromide (368.27).]
Test solution—Use portions of the solution under test passed

through a suitable 0.2-mm filter.
Procedure—Determine the amount of galantamine dissolved by

employing UV absorption at the wavelength of maximum absor-
bance at about 288 nm on the Test solution in comparison with the
Standard solution, using a 5-cm cell for Tablets labeled to contain 4

mg or 8 mg, or using a 1-cm cell for Tablets labeled to contain 12
mg. Calculate the percentage of galantamine (C17H21NO3) dissolved,
by the formula:

in which AU and AS are the absorbances obtained from the Test
solution and the Standard solution, respectively; CS is the
concentration of galantamine, in mg per mL, in the Standard
solution; 500 is the volume, in mL, of Medium; 100 is the
conversion factor to percentage; and L is the Tablet label claim in
mg.
Tolerances—Not less than 80%

~70%~USP33
(Q) of the labeled amount of galantamine is dissolved in 20 minutes.

.TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Dissolution Test 2.

Medium, Time, Standard solution, Test solution, Procedure,

and Tolerances—Proceed as directed for Test 1.

Apparatus 2: 50 rpm, use peak vessel..2

Change to read:

Related compounds—
Buffer solution, Solution A, Solution B, Mobile phase, and

Diluent—Prepare as directed in the Assay.
Resolution solution—Prepare a solution of USP Galantamine

Hydrobromide Related Compounds Mixture RS in Diluent having a
concentration of 0.6 mg per mL.
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Test solution—Use the Assay preparation.
Chromatographic system—Prepare as directed in the Assay.

Chromatograph about 20 mL of the Resolution solution, and record
the responses as directed for Procedure. Identify the impurities using
the approximate relative retention times given in Table 1: the
resolution, R, between 6b-hexahydrogalantamine and 6b-octahy-
drogalantamine is not less than 1.5. Chromatograph the Standard
solution, and record the responses as directed for Procedure: the
relative standard deviation for replicate injections is not more than
2.0% for the galantamine peak.
Procedure—Separately inject equal volumes (about 20 mL) of the

Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses. [NOTE—
Ignore the peak due to bromide near the void volume.] Calculate the
percentage of each of the galantamine related compounds in the
portion of Tablets taken by the formula:

100(CS /CU)(rU / rS)(1/F)

in which CS and CU are the concentrations, in mg per mL, of
galantamine in the Standard solution and Test solution, respectively;
rU is the peak area of each impurity obtained from the Test solution;
rS is the peak area of galantamine obtained from the Standard
solution; and F is the Relative Response Factor (see Table 1 for
values) for each of the impurities relative to galantamine.
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Table 1

Related Compound
Relative Retention

Time (RRT)
Relative Response

Factor (F) Limit %
6b-Hexahydrogalantamine1 0.73 1.1 0.30
6b-Octahydrogalantamine{2 0.86 — NA
Galantamine hydrobromide 1.00 1.0 NA
6a-Hexahydrogalantamine{3 1.15 — NA
Tetrahydrogalantamine{4 2.09 — NA
Individual unspecified degradation impurity — 1.0 0.20%
Total impurities — — 1.0%

[
[NOTE—The impurities marked with ‘‘{’’ are not quantified and are intended for system suitability evaluation only.]
1 [4aS-(4a,6b,8aR*)]-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide.
2 [4aS-(4aa,6b,8aR*)]-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol.
3 [4aS-(4aa,6a,8aR*)]-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol.
4 [4aS-(4aR*,8aR*)]-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-4aH-benzofuro[3a,3,2-ef][2]benzazepine.

~

Table 1

Compound Name

Relative Retention

Time (RRT)

Relative Response

Factor (F) Limit %

N-Desmethylgalantamine1 0.41 1.0 0.5

O-Desmethylgalantamine2 0.56 1.0 0.5

6b-Hexahydrogalantaime (also known as galantamine N-

oxide)3

0.73 1.1 0.75

6b-Octahydrogalantamine (also known as lycoramine){4 0.86 — —

Galantamine hydrobromide 1.00 1.0 —

6a-Hexahydrogalantamine (also known as epigalantamine)5 1.15 1.0 0.5

Tetrahydrogalantamine{6 2.09 — —

Individual unspecified degradation product — 1.0 0.2

Total impurities — — 1.5

[NOTE—The impurities marked with ‘‘{’’ are not quantified and are intended for system suitability evaluation only.]
1 (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol.
2 (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-11-methyl-6H-benzofuro[3a,3,2-ef][2]benzazepin-3,6-diol.
3 [4aS-(4aa,6b,8aR*)]-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide.
4 [4aS-(4aa,6b,8aR*)]-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol.
5 [4aS-(4aa,6a,8aR*)]-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol.
6 [4aS-(4aR*,8aR*)]-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-4aH-benzofuro[3a,3,2-ef][2]benzazepine.

~USP33
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BRIEFING

Granisetron Hydrochloride Oral Suspension. Because there is
no existing USP monograph for this dosage form, a new monograph
is being proposed. The liquid chromatographic procedure in the
Assay is based on analyses performed with a 4.6-mm 6 150-mm
column that contains 5-mm packing L10. USP has received data
indicating that a Nucleosil CN from Alltech Associates, Inc., is
suitable. The typical retention time for granisetron hydrochloride is
about 7.0 minutes.

(CRX: R. Schnatz) RTS—C60336

Add the following:

~Granisetron Hydrochloride Oral
Suspension

» Granisetron Hydrochloride Oral Suspension

contains not less than 90.0 percent and not more

than 110.0 percent of the labeled content of

granisetron hydrochloride (C18H24N4O �HCl). Pre-
pare Granisetron Hydrochloride Oral Suspension

(0.05 mg per mL) as follows (see Pharmaceutical

Compounding—Nonsterile Preparations h795i):

Granisetron Hydrochloride . . . . . . . . 5 mg

Vehicle: a mixture of Vehicle for Oral

Solution, NF, and Vehicle for Oral

Suspension, NF (1 : 1), a sufficient

quantity

To make . . . . . . . . . . . . . . . . . . 100 mL

Calculate the required quantity of each ingredient

for the total amount to be prepared. If using

Tablets, place the required number of Tablets in a

suitable mortar, and comminute the Tablets to a fine

powder with a pestle, or add granisetron hydro-

chloride powder. Add the Vehicle in small portions,

and triturate to make a smooth paste. Add

increasing volumes of the Vehicle to make a

granisetron hydrochloride suspension that is pour-

able. Transfer the contents of the mortar, stepwise

and quantitatively, to a calibrated bottle. Add

enough Vehicle to bring to final volume, and mix

well.

Packaging and storage—Package in tight, light-resistant

containers. Store at controlled cold temperature or controlled

room temperature.

Labeling—Label it to state that it is to be well-shaken before

use and to state the beyond-use date.

USP Reference standards h11i—USP Granisetron Hydro-

chloride RS.

Beyond-use date: not later than 90 days after the date on

which it was compounded, when stored at controlled cold

temperature or controlled room temperature.

pH h791i: between 4.0 and 4.5.

Assay—

Mobile phase—Prepare a solution of 50 mM monobasic

sodium dihydrogen phosphate and acetonitrile (85 : 15). Filter

and degas. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard stock preparation—Dissolve about 25 mg of USP

Granisetron Hydrochloride RS, accurately weighed, in a 25-

mL volumetric flask. Dilute with water to obtain a

concentration of 1.0 mg per mL.

Standard preparation—Pipet 2.5 mL of Standard stock

preparation into a 100-mL volumetric flask, and dilute with

Mobile phase to volume to obtain a solution having a known

concentration of 25 mg per mL.
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Assay preparation—Shake the Oral Suspension thoroughly

by hand. Pipet 5.0 mL into a 10-mL volumetric flask. Dilute

with Mobile phase to volume, and mix to obtain a nominal

concentration of 25 mg of granisetron hydrochloride per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 300-nm detector

and a 4.6-mm 6 15-cm column that contains 5-mm packing

L10. The flow rate is about 1.0 mL per minute. Chromato-

graph the Standard preparation, and record the peak

responses as directed for Procedure: the relative retention

time is about 7.0 minutes, and the relative standard deviation

for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

the labe l c l a im of gran i se t ron hydroch lo r ide

(C18H24N4O �HCl) in the portion of Oral Suspension taken

by the formula:

(rU / rS)(CS /CU) 6 100

in which rU and rS are the peak responses obtained from the

Assay preparation and Standard preparation, respectively; CS

is the concentration of USP Granisetron RS, in mg per mL, in

the Standard preparation, on the anhydrous basis; and CU is

the nominal concentration of granisetron hydrochloride, in mg

per mL, in the Assay preparation.~USP33

BRIEFING

Losartan Potassium and Hydrochlorothiazide Tablets. Be-
cause there is no existing USP monograph for this drug product, a
new monograph is being proposed based on the validated methods.
The proposed liquid chromatographic procedures in the tests for the
Assay and Related compounds are based on analyses performed
using a Symmetry C8, brand of L7 column. The approximate
retention time of the hydrochlorothiazide peak is about 7.5 minutes
and the losartan peak is about 21.5 minutes. The liquid chromat-
ographic procedures in the Uniformity of dosage units and in the
Dissolution tests are based on analyses performed using a Lichrosorb
RP-8 brand of L7 column. Under these conditions, the approximate
retention time of the hydrochlorothiazide peak is about 1.8 minutes
and the losartan peak is about 4.8 minutes.

(MDCV: S. Ramakrishna, H. Ramanathan; BPC: M. Mar-
ques) RTS—C58814

Add the following:

~Losartan Potassium and
Hydrochlorothiazide Tablets

» Losartan Potassium and Hydrochlorothiazide

Tablets contain not less than 95.0 percent and not

more than 105.0 percent of the labeled amounts of

losartan potassium (C22H22ClKN6O) and hydro-

chlorothiazide (C7H8ClN3O4S2).

Packaging and storage—Preserve in tightly-closed contain-

ers protected from light, and store at controlled room

temperature.

USP Reference standards h11i—USP Chlorothiazide RS.

USP Losartan Potassium RS. USP Hydrochlorothiazide RS.

USP Benzothiadiazine Related Compound A RS.

Identification—The retention times of the major peaks in the

chromatogram of the Assay preparation corresponds to those

in the chromatogram of the Standard preparation, as obtained

in the Assay.
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Dissolution h711i—

Medium: water; 900 mL, deaerated.

Apparatus 1: 100 rpm.

Time: 30 minutes for both losartam potassium and

hydrochlorothiazide.

Buffer solution—Transfer 2.72 g of monobasic potassium

phosphate to a 2000-mL volumetric flask, dissolve in and

dilute with water to volume. Adjust with phosphoric acid to a

pH of 2.5.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and acetonitrile (3 : 2). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Losartan potassium stock solution—Prepare a solution

containing about 0.44 mg per mL of USP Losartan Potassium

RS in Medium.

Hydrochlorothiazide stock solution—Transfer about 28 mg,

accurately weighed, of USP Hydrochlorothiazide RS to a

200-mL volumetric flask, dissolve in 20 mL of methanol, and

dilute with Medium to volume.

Working standard solution—Transfer the appropriate vol-

umes of Losartan potassium stock solution and Hydrochlo-

rothiazide stock solution to a 100-mL volumetric flask

according to the dilution schemes in the table below. Dilute

with Medium to volume.

Tablet Strength

(losartan potassium/

hydrochlorothiazide,

mg/mg)

Aliquot of

Losartan potas-

sium stock solu-

tion (mL)

Aliquot of Hy-

drochlorothia-

zide stock

solution (mL)

50/12.5 12.5 10.0

100/12.5 25.0 10.0

100/25 25.0 20.0

Test solution—Pass a portion of the solution under test

through a suitable 0.45-mm filter.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detector

and a 4.6-mm 6 25-cm column that contains 10-mm packing

L7. The column temperature is maintained at 358, and the

flow rate is about 2.3 mL per minute. Chromatograph the

Working standard solution, and record the peak responses as

directed for Procedure: the resolution, R, between the

hydrochlorothiazide and losartan peaks is not less than 2;

and the relative standard deviation of the response for both

hydrochlorothiazide and losartan peaks from replicate

injections is not more than 2.0%.

Procedure— Separately inject equal volumes (about 20 mL)

of the Working standard solution and Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses for the major peaks. Calculate the amount of

losartan potassium and hydrochlorothiazide dissolved by the

formula:

in which rU and rS are the peak responses of losartan

potassium or hydrochlorothiazide obtained from the Test

solution and Working standard solution, respectively; CS is

the concentration, in mg per mL, of losartan potassium or

hydrochlorothiazide in the Working standard solution; 900 is

the volume, in mL, of Medium; 100 is the conversion factor

to percentage; and L is the tablet label claim of losartan

potassium or hydrochlorthiazide, in mg.

Tolerances—Not less than 85% (Q) of the labeled amount

of losartan potassium and not less than 75% (Q) of the labeled

amount of hydrochlorothiazide are dissolved in 30 minutes.

Uniformity of dosage units h905i: meets the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—

0.02M Buffer solution—Use Buffer solution A, prepared as

directed in the Assay.
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0.01M Buffer solution—Dissolve 2.72 g of monobasic

potassium phosphate in water and dilute to a volume of

2000 mL. Adjust with phosphoric acid to a pH of 2.5, and

mix well.

Mobile phase—Prepare a mixture of acetonitrile and 0.01M

Buffer solution (2 : 3). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Diluent—Prepare a mixture of 0.02M Buffer solution and

acetonitrile (2 : 3).

Standard stock solution 1—Dissolve an accurately weighed

quantity of USP Losartan Potassium RS in Diluent, (50% of

the total volume). Mechanically shake for 15 minutes or until

dissolved. Dilute with 0.02M Buffer solution to volume to

obtain a solution having a known concentration of about 0.46

mg per mL.

Standard stock solution 2—Dissolve an accurately weighed

quantity of USP Hydrochlorothiazide RS in Diluent (50% of

the total volume). Mechanically shake for 15 minutes or until

dissolved, and then dilute with 0.02M Buffer solution to

volume to obtain a solution having a known concentration of

about 0.35 mg per mL.

Combined standard solution—Transfer appropriate aliquots

of Standard stock solution 1 and Standard stock solution

2 into a suitable volumetric flask, and add Diluent, up to 42%

of the total volume of the flask. Dilute with 0.02M Buffer to

volume, mix well, and sonicate for 2 minutes to obtain a

solution having a final known concentration of about 0.06 mg

per mL of losartan potassium and 0.014 mg per mL of

hydrochlorothiazide for Tablet strengths of 50/12.5 and 100/

25 for losartan potassium/hydrochlorothiazide, respectively.

In the case of a Tablet strength of 100/12.5 for losartan

potassium/hydrochlorothiazide, the concentration of losartan

potassium is 0.06 mg per mL and the concentration of

hydrochlorothiazide is 0.007 mg per mL. Filter a portion of

the solution using 0.45-mm PTFE or equivalent filter, and use

the filtrate.

Test stock solution—Transfer 1 Tablet into an appropriate

volumetric flask, and add Diluent according to the table

below. Mix well and mechanically shake for 30 minutes or

until the solid is finely dispersed. Dilute with 0.02M Buffer

solution, to volume, and mix well.

Tablet Strength

(losartan potassium/hydrochlo-

rothiazide, mg/mg )

Flask Size

(mL)

Volume of

Diluent

(mL)

50/12.5 100 50

100/12.5 200 100

100/25 200 100

Test solution—Dilute 10 mL of the Test stock solution in a

100-mL volumetric flask, with 45 mL of Diluent, and then

dilute with 0.02M Buffer solution to volume. Filter an aliquot

of the solution using 0.45-mm PTFE or equivalent filter, and

use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detector

and a 4.6-mm 6 25-cm column that contains 10-mm packing

L7. The column temperature is maintained at 358, and the

flow rate is about 2.3 mL per minute. Chromatograph the

Combined standard solution, and record the peak responses

as directed for Procedure: the resolution, R, between the

hydrochlorothiazide and losartan peaks is not less than 2; and

the relative standard deviation of the response for both the

hydrochlorothiazide and losartan peaks from five replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Combined standard solution and the Test solution into

the chromatograph, record the chromatograms, and measure

the responses of the major peaks. Calculate the percentage

quantity of losartan potassium (C22H22ClKN6O) or hydro-

chlorothiazide (C7H8ClN3O4S2) in the Tablet taken by the

formula:

100(CS /CU)(rU / rS)
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in which CS is concentration of losartan potassium or

hydrochlorothiazide, in mg per mL, in the Standard solution;

CU is the nominal concentration of losartan potassium or

hydrochlorothiazide, in mg per mL, in the Test solution; and

rU and rS are the peak responses of losartan potassium or

hydrochlorothiazide obtained from the Test solution and

Standard solution, respectively.

Related compounds—

Buffer solution A, Buffer solution B, Solution A, Solution B,

Mobile phase, and Diluent—Proceed as directed in the Assay.

Chlorothiazide standard solution—Dissolve an accurately

weighed quantity of USP Chlorothiazide RS in Diluent, using

50% of the final volume. Dilute with Buffer solution A to

volume, and sonicate to obtain a solution having a known

concentration of about 0.1 mg per mL.

Benzothiadiazine related compound A standard solution—

Dissolve an accurately weighed quantity of USP Benzothi-

adiazine Related Compound A RS in Diluent (50% of the

volume of the flask), then dilute with Buffer solution A to

volume, and sonicate to obtain a solution having a known

concentration of about 0.1 mg per mL.

Stressed losartan solution—[NOTE—This solution contains

the degradates 1-H-dimer and 2-H-dimer and losartan

potassium.] Accurately weigh 12 mg of the USP Losartan

Potassium RS into a 50-mL flask. Dissolve in 5 mL of water.

Pipet 5.0 mL of 0.1N hydrochloric acid into this solution, and

place it in an oven at 1058 for 1 to 2 hours. Remove from

oven and allow to cool to room temperature. Pipet 5.0 mL of

0.1N sodium hydroxide into the flask, and dilute with water

to volume.

System suitability solution—Dissolve accurately weighed

quantities of USP Losartan Potassium RS and USP

Hydrochlorothiazide RS, in a suitable volumetric flask in

Diluent (50% of the volume of the flask). Add the Stressed

losartan solution, about 25% of the volume of the flask, into

the same flask. Transfer appropriate amounts of Chlorothia-

zide standard solution and Benzothiadiazine related com-

pound A standard solution into the same flask, and dilute with

Buffer solution A to volume to obtain a solution having a

known concentration of about 0.4 mg per mL of losartan, 0.1

mg per mL of hydrochlorothiazide, and 0.001 mg per mL

each of benzothiadiazine related compound A and chlorothi-

azide. Adjust with phosphoric acid to a pH of 2.5, and mix

well. Filter an aliquot of the solution using 0.45-mm PTFE or

equivalent filter, and use the filtrate.

Standard solution—Use the Standard preparation, pre-

pared as directed in the Assay.

Diluted standard solution—Pipet a known volume each of

Standard solution and Benzothiadiazine related compound A

standard solution into a suitable volumetric flask. Add

acetonitrile (30% of the volume of the flask), and then

dilute with Buffer solution A to volume. Mix well to obtain a

solution having a known concentration of about 4 mg per mL

of losartan potassium and 1 mg per mL each of hydrochlo-

rothiazide and benzothiadiazine related compound A for

Tablet strengths of 50/12.5 and 100/25 for losartan potassium/

hydrochlorothiazide, respectively. In the case of a Tablet

strength of 100/12.5 for losartan potassium/hydrochlorothia-

zide, the final concentration of losartan potassium is 4 mg per

mL and hydrochlorothiazide is about 0.5 mg per mL.

Reporting limit solution—Pipet 5.0 mL of the Diluted

standard solution into a 50-mL volumetric flask. Add 15 mL

of acetonitrile, dilute with Buffer solution A to volume, and

mix well.

Test solution—Use the Assay preparation, prepared as

directed in the Assay.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. In addition, chromatograph

the Reporting limit solution, and calculate the signal-to-noise

ratio: The signal-to-noise ratio for each component is not less

than 10 for the first injection. If this requirement is not met,

then it must be greater than 3 with a relative standard

deviation of less than 25% for three replicate injections.

Chromatograph the System suitability solution, and record the

peak areas as directed for Procedure: the resolution, R,

between chlorothiazide and benzothiadiazine related com-
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pound A peaks is greater than 1.5; the resolution R, between

the benzothiadiazine related compound A and hydrochloro-

thiazide peaks is greater than 1.5. Chromatograph the Diluted

standard solution and record the peak areas as directed for

Procedure: the relative standard deviation of the area

response for both the hydrochlorothiazide and losartan

peaks from five replicate injections is less than 10.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Diluted standard solution and the Test solution into the

chromatograph, record the chromatograms for about 1.6 times

the retention time of the losartan peak, and measure the peak

responses. Identify the peaks using the relative retention times

provided under Table 1.

Table 1

Losartan and Related Compounds

Relative

Retention

Time

Limit

%

Chlorothiazide1 0.57 —

Benzothiadiazine related com-

pound A

0.69 1.0

Hydrochlorothiazide 1.0 —

Losartan 2.7 —

1-H-Dimer2 3.3 0.5

2-H-Dimer3 3.5 0.5

Total impurities4 — 2.0

1 This process impurity (not a degradation product ) is related to
hydrochlorothiazide and is controlled in the drug substance.
2 Related to Losartan Potassium: 5-[4’-([2-butyl-5-[(2-butyl-4-
chloro-5-hydroxymethyl-1H-imidazol-1-yl)methyl]biphenyl-2-yl]-
1H-tetrazol-1-yl]methyl]-4-chloro-1H-imidazol-1-yl)methyl]biphe-
nyl-2-yl]tetrazol, potassium salt.
3 Related to Losartan Potassium: 5-[4’-([2-butyl-5-[(2-butyl-4-
chloro-5-hydroxymethyl-1H-imidazol-1-yl)methyl]biphenyl-2-yl]-
2H-tetrazol-2-yl]methyl]-4-chloro-1H-imidazol-1-yl)methyl]biphe-
nyl-2-yl]tetrazol, potassium salt.
4 The total impurities include the sum of all the specified impurities
and the sum of all the unspecified impurities, which are equal to or
greater than 0.1%.

Calculate the percentage of benzothiadiazine related com-

pound A (expressed as hydrochlorothiazide equivalent) in the

portion of Tablets taken by the formula:

100(CS /CU)(ri / rS)(M1/M2)

in which CS is concentration, in mg per mL, of benzothia-

diazine related compound A in the Diluted standard solution;

CU is the concentration, in mg per mL, of hydrochlorothia-

zide, in the Test solution; ri is the peak response of

benzothiadiazine related compound A from the Test solution;

rS is the response of benzothiadiazine related compound A

from the Diluted standard solution; M1 is the molecular

weight of hydrochlorothiazide equal to 298; and M2 is the

molecular weight of benzothiadiazine related compound A

equal to 286. Calculate the percentage of each specified

impurity in the portion of Tablets taken by the formula:

100(CS /CU)(ri / rS)

in which CS is concentration of losartan, in mg per mL, in the

Diluted standard solution; CU is the concentration of losartan,

in mg per mL, in the Test solution; ri is the peak response of

each individual impurity obtained from the Test solution; and

rS is the response of losartan obtained from the Diluted

standard solution. For Tablet strengths of 50/12.5 and 100/25

for losartan potassium/hydrochlorothiazide, respectively,

calculate the percentage of any other impurity in the portion

of Tablets taken by the formula:

100(CS /CU)(ri / rS)

in which CS is concentration, in mg per mL, of losartan

potassium in the Diluted standard solution; CU is the

concentration, in mg per mL, of losartan, in the Test solution;

ri is the peak response of each individual impurity obtained

from the Test solution; and rS is the response of losartan

potassium obtained from the Diluted standard solution. For a

Tablet strength of 100/12.5 for losartan potassium/hydrochlo-

rothiazide, calculate the percentage of any other impurity in

the portion of Tablets taken by the formula:
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100(CS /CU)(ri / rS)

in which CS is concentration, in mg per mL, of hydrochlo-

rothiazide in the Diluted standard solution; CU is the

concentration, in mg per mL, of hydrochlorothiazide in the

Test solution; ri is the peak response of each individual

impurity obtained from the Test solution; and rS is the

response of hydrochlorothiazide obtained from the Diluted

standard solution. The impurities meet the limits mentioned

in Table 1.

Assay—

Buffer solution A—Dissolve 5.52 g of monobasic sodium

phosphate in water and dilute to a volume of 2000 mL. Adjust

with phosphoric acid to a pH of 2.5. Mix well.

Buffer solution B—Dissolve 2.5 g of monobasic potassium

phosphate and 3.0 g of dibasic sodium phosphate in water and

dilute with water to a volume 2000 mL. Mix well and filter.

The pH of the resulting solution is about 7.0 to 7.5.

Diluent—Prepare a mixture of acetonitrile and Buffer

solution A (3 : 2).

Solution A—Prepare a mixture of Buffer solution B and

acetonitrile (93 : 7).

Solution B—Use acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B. Make adjustments as necessary (see System

Suitability under Chromatography h621i).

Standard preparation—Transfer an accurately weighed

quantity of USP Losartan Potassium RS and USP Hydro-

chlorothiazide RS, into a suitable volumetric flask, and

dissolve in Diluent (50% of the volume of the flask). Then

dilute with Buffer solution A to volume to obtain a solution

having a known concentration of about 0.4 mg per mL of

losartan potassium and 0.1 mg per mL of hydrochlorothiazide

for Tablets strength of 50/12.5 and 100/25 for losartan

potassium/hydrochlorothiazide, respectively. In the case of a

Tablet strength of 100/12.5 for losartan potassium/hydrochlo-

rothiazide, the concentration of losartan potassium and

hydrochlorothiazide is 0.4 mg per mL and 0.05 mg per mL.

Filter a portion of the solution using a 0.45-mm PTFE filter or

equivalent, and use the filtrate.

Assay stock preparation—Transfer 10 Tablets into a

suitable volumetric flask, add Diluent as directed in the

table below.

Tablet Strength

(losartan potassium/hydrochloro-

thiazide, mg/mg )

Flask Size

(mL)

Volume of

Diluent

(mL)

50/12.5 250 210

100/12.5 500 420

100/25 500 420

Mix well and mechanically shake or stir until the solid is

dispersed. Dilute with Buffer solution A to volume, and

sonicate.

Assay preparation—Dilute quantitatively a portion of the

Assay stock preparation taken in a suitable volumetric flask,

first with acetonitrile (20% of the volume of the flask) and

then with Buffer solution A to volume to obtain a solution

having a nominal concentration of about 0.4 mg per mL of

losartan potassium and 0.1 mg per mL of hydrochlorothiazide

for Tablet strengths of 50/12.5 and 100/25 for losartan

potassium/hydrochlorothiazide, respectively. In the case of a

Tablet strength of 100/12.5 for losartan potassium/hydrochlo-

rothiazide, the nominal concentration of the losartan potas-

sium is 0.4 mg per mL and the concentration of

hydrochlorothiazide is 0.05 mg per mL, respectively. Filter

a portion of this solution using a 0.45-mm PTFE filter or

equivalent, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detector

and a 3.9-mm 6 15-cm column that contains 5-mm packing
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L7. The column temperature is maintained at 358, and the

flow rate is about 1.0 mL per minute. The chromatograph is

programmed as indicated below:

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–12 100?92 0?8 linear gradient

12–28 92?38 8?62 linear gradient

28–30 38?100 62?0 linear gradient

30–35 100 0 re-equilibration

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the tailing factor of

the losartan peak is less than 2.5; and the relative standard

deviation of the area responses for both the hydrochlorothi-

azide and losartan peaks from five replicate injections is less

than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, and measure the peak responses.

Calculate the percentage of losartan potassium

(C22H22ClKN6O) and hydrochlorothiazide (C7H8ClN3O4S2)

based on the label claim, in the portion of Tablets taken by

the formula:

100(CS /CU)(rU / rS)

in which CS is concentration, in mg per mL, of USP Losartan

Potassium RS or USP Hydrochlorothiazide RS in the

Standard preparation; CU is the nominal concentration, in

mg per mL, of losartan potassium or hydrochlorothiazide in

the Assay preparation based on the label claim; and rU and rS

are the peak responses obtained from the Assay preparation

and Standard preparation, respectively.~USP33

BRIEFING

Methylene Blue Injection, Veterinary—Because there is no
existing USP monograph for this dosage form, a new monograph is
being proposed. The Assay uses a spectrophotometric method
comparing the absorption of the Assay preparation at 663 nm to the
absorption of the Standard preparation at the same wavelength.
USP is developing a veterinary pharmaceutical information

monograph on the clinical use of methylene blue to treat nitrite
poisoning in large animals, Methylene Blue (Veterinary—Systemic).
This monograph, when authorized, will be accessible from the USP’s
web page: www.usp.org/audiences/veterinary.
The Labeling dose statement in the monograph presented here,

‘‘Label it to indicate that the dose is not to exceed 30 mg of
methylene blue per kg of body weight per hour,’’ is proposed to be
included to prevent exceeding the proposed Bacterial endotoxins
limit when this article is administered. This dosage is the highest
cited in the proposed USP veterinary pharmaceutical information
monograph, Methylene Blue (Veterinary—Systemic).

(VET: I. DeVeau) RTS—C61957

Add the following:

~Methylene Blue Injection, Veterinary

» Methylene Blue Injection is a sterile solution of

Methylene Blue in Water for Injection. It contains,

in each mL, not less than 9.5 mg and not more than

10.5 mg of methylene blue (C16H18ClN3S � 3H2O)

(see Pharmaceutical Compounding—Sterile Prep-

arations h797i):

Methylene Blue . . . . . . . . . . . . . . . 5.0 g

Sterile Water for Injection or Sodium

Chloride Injection (0.9%), a sufficient

quantity

To make . . . . . . . . . . . . . . . . . . . 500 mL

Dissolve an accurately weighed quantity of Meth-

ylene Blue in Sterile Water for Injection or Sodium

Chloride Injection (0.9%), and dilute to volume,

with mixing. Sterilize by a suitable means, such as

sterile filtration or autoclaving.
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Packaging and storage—Preserve in single-dose containers,

preferably of Type I amber glass. Store at room temperature,

protected from light.

Labeling—Label it to indicate that it is to be discarded after

its beyond-use-date, to state that it is to be kept out of the

reach of children, and to indicate the nominal content of

methylene blue in the Injection and whether it was prepared

in Sterile Water for Injection or in Sodium Chloride Injection

(0.9%). Label it to indicate that the dose is not to exceed 30

mg of methylene blue per kg of body weight per hour. Label

it to indicate that it is for veterinary use only.

USP Reference standards h11i—USP Endotoxin RS. USP

Methylene Blue RS.

Beyond-use date: 365 days after the date on which it was

compounded.

Identification—

A: The visible absorption spectrum of the Assay

preparation exhibits maxima and minima at the same

wavelengths as that of the Standard preparation, concomi-

tantly measured as directed in the Assay.

B: Thin-Layer Chromatographic Identification Test

h201i—

Diluent: methanol and water (1 : 1).

Test solution—Dilute a portion of the Injection with an

equal volume of methanol.

Standard solution—Prepare a solution containing 5 mg per

mL of USP Methylene Blue RS in Diluent.

Application volume: 1 mL.

Developing solvent system: water, alcohol, and acetic

acid (4 : 3 : 3).

Procedure—Allow the spots to dry, and develop the

chromatogram until the solvent front has moved about 10

cm above the line of application. Remove the plate from the

developing chamber, and allow the solvent to evaporate: the

RF value of the principal spot obtained from the Test solution

corresponds to that obtained from the Standard solution.

Bacterial endotoxins h85i: not more than 0.17 USP

Endotoxin Unit per mg of methylene blue.

Sterility h71i—It meets the requirements.

pH h791i: between 3.0 and 4.5.

Other requirements—It meets the requirements under

Injections h1i.

Assay—

Standard preparation—Dissolve an accurately weighed

quantity of USP Methylene Blue RS in diluted alcohol to

obtain a solution having a known concentration of about 2 mg

per mL.

Assay preparation—Dilute an accurately measured volume

of Injection with diluted alcohol to prepare a solution that

nominally contains about 2.4 mg of methylene blue trihydrate

(2 mg of anhydrous methylene blue) per mL.

Procedure (see Spectrophotometry and Light-Scattering

h851i)—Concomitantly determine the absorbance of both

solutions in 1-cm cells at the wavelength of maximum

absorbance at about 663 nm, with a suitable spectrophotom-

eter, using diluted alcohol as the blank. Calculate the quantity,

in mg, of methylene blue (C16H18ClN3S � 3H2O) in each mL of

the Injection taken by the formula:

(373.90 / 319.86) (AU /AS) (CS /CU) (L)

in which 373.90 and 319.86 are the molecular weights of

methylene blue trihydrate and anhydrous methylene blue,

respectively; AU and AS are the absorbances of the Assay

preparation and the Standard preparation, respectively; CS is

the concentration, in mg per mL, of USP Methylene Blue RS

in the Standard preparation; CU is the nominal concentration,

in mg per mL, of methylene blue in the Assay preparation;

and L is the labeled amount of methylene blue, in mg per mL,

in the Injection (10.0 mg per mL).~USP33
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BRIEFING

Nateglinide. Because there is no existing USP monograph for this
drug substance, a new monograph, based on validated methods of
analysis, is being proposed.
� The liquid chromatographic procedure in the test for Limit of

nateglinide related compound A and other impurities is based
on analyses performed with the Waters Symmetry C8 brand of
L7 column. The typical retention time for the nateglinide peak
is about 8 minutes.

� The liquid chromatographic procedure in the test for Limit of
nateglinide related compound B is based on analyses performed
with the Sumika Sumichiral OA 3300 S brand of L## (see
Chromatographic Reagents under Reagents, Indicators, and
Solutions) column. The typical retention time for the nategli-
nide peak is about 27 minutes.

� The liquid chromatographic procedure in the tests for Limit of
nateglinide related compound C and phenylalanine and in the
Assay is based on analyses performed with the Shodex RSpak
DE 613 brand of L## (see Chromatographic Reagentsunder
Reagents, Indicators, and Solutions) column. The typical
retention time for the nateglinide peak is about 21 minutes.

(MD-GRE: E. Gonikberg) RTS—C61576

Add the following:

~Nateglinide

C19H27NO3 317.42

D-Phenylalanine, N-[[trans-4-(1-methylethyl)cyclohexyl]car-

bonyl]-.

(–)-N-[(trans-4-Isopropylcyclohexyl)carbonyl-D-phenylala-

nine [105816-04-4].

» Nateglinide contains not less than 98.0 percent

and not more than 102.0 percent of C19H27NO3,

calculated on the dried basis.

Packaging and storage—Preserve in tight containers. Store

at room temperature.

USP Reference standards h11i—USP Nateglinide RS. USP

Nateglinide Related Compound A RS. USP Nateglinide

Related Compound B RS. USP Nateglinide Related Com-

pound C RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

of the Standard preparation, obtained as directed in the

Assay.

Specific rotation h781Si: between –36.58 and –408.

Test solution: 10 mg per mL in a 0.1N sodium hydroxide.

Loss on drying h731i—Dry it at 1058 for 2 hours: it loses

not more than 0.2% of its weight.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: not more than 10 ppm.

Related compounds—

LIMIT OF NATEGLINIDE RELATED COMPOUND A AND OTHER

IMPURITIES—

Phosphate buffer pH 2.5—Dissolve 7.8 g of monobasic

sodium phosphate in 1000 mL of water. Adjust to pH 2.5 with

phosphoric acid.

Mobile phase—Use a filtered and degassed mixture of

Phosphate buffer pH 2.5 and acetonitrile (65 : 35). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability stock solution—Dissolve a suitable

amount of USP Nateglinide Related Compound A RS in

acetonitrile to obtain a solution containing about 0.6 mg per

mL. Further dilute this solution with Mobile phase to obtain a

solution containing about 0.12 mg per mL.

System suitability solution—Transfer an amount of USP

Nateglinide RS to a suitable volumetric flask, dissolve first in

acetonitrile using 10% of the final volume, then add System

suitability stock solution equal to 10% of the final volume,
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and dilute with Mobile phase to volume to obtain a solution

containing about 6 mg of nateglinide per mL and about 0.012

mg of nateglinide related compound A per mL.

Standard solution—Dissolve an accurately weighed

amount of USP Nateglinide RS in acetonitrile to obtain a

solution having a known concentration of about 0.3 mg per

mL. Further dilute this solution with Mobile phase to obtain a

solution having a known concentration of about 0.06 mg per

mL.

Test solution—Transfer about 60 mg of Nateglinide,

accurately weighed, to a 10-mL volumetric flask, dissolve

in 1.0 mL of acetonitrile, and dilute with Mobile phase to

volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 3.9-mm 6 5-cm column that contains 5-mm packing

L7. The flow rate is about 2 mL per minute. The column

temperature is maintained at 408. Chromatograph the System

suitability solution, and record the peak responses as directed

for Procedure. Identify the components based on their relative

retention time (Table 1): the resolution, R, between the

nateglinide related compound A and nateglinide peaks is not

less than 2.5. Chromatograph the Standard solution, and

record the peak responses as directed for Procedure: the

relative standard deviation for replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms for at least 5 times

the retention time of the nateglinide peak, and measure the

peak responses. Calculate the percentage of each impurity in

the portion of Nateglinide taken by the formula:

100(1 /F(CS /CU)(ri / rS)

in which F is the response factor of an individual impurity

relative to the response of nateglinide (Table 1); CS and CU are

the concentrations, in mg per mL, of nateglinide in the

Standard solution and the Test solution, respectively; ri is the

peak response of each impurity obtained from the Test

solution; and rS is the nateglinide peak response obtained

from the Standard solution.

Table 1

Related Compound

Relative

Retention

Time

Relative

Response

Factor

(F)

Limit

(%)

Nateglinide related com-

pound A1

0.5 0.015 0.2

Ethyl analog2 0.6 1.0 0.1

Nateglinide 1.0 — —

IPP impurity3 3.1 1.0 0.1

Ester impurity4 4.1 0.94 0.1

Any other individual im-

purity

— 1.0 0.1

1 trans-4-Isopropylcyclohexylcarboxylic acid.
2 N-(trans-4-Ethylcyclohexylcarbonyl)-D-phenylalanine.
3 N-(trans-4-Isopropylcyclohexylcarbonyl)-D-phenylalanine-D-phe-
nylalanine.
4 N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine-ethyl
ester.

LIMIT OF NATEGLINIDE RELATED COMPOUND B—

Mobile phase—Prepare a solution in methanol containing

0.77 g of ammonium acetate per L.

[NOTE—The following solutions are stable for up to 48

hours when stored in a refrigerator.]

Standard solution—Dissolve an accurately weighed

amount of USP Nateglinide Related Compound B RS in

methanol to obtain a solution containing about 0.5 mg of

nateglinide related compound B per mL. Further dilute this

solution with methanol to obtain a solution having a known

concentration of about 0.02 mg per mL. [NOTE—Nateglinide

related compound B is N-(trans-4-isopropyl-cyclohexylcar-

bonyl)-L-phenylalanine.]
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System suitability solution—Dissolve suitable amounts of

USP Nateglinide RS and USP Nateglinide Related Com-

pound B RS in methanol to obtain a solution containing about

10 mg of nateglinide per mL and about 0.02 mg of

nateglinide related compound B per mL.

Test solution—Transfer about 250 mg of Nateglinide,

accurately weighed, to a 25-mL volumetric flask, dissolve

in and dilute with methanol to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detector

and a 4-mm 6 25-cm or 4.6-mm 6 25-cm column that

contains 5-mm packing L## (see Chromatographic Reagents

under Reagents, Indicators, and Solutions). The flow rate is

about 0.8 mL per minute. [NOTE—The flow rate can be

adjusted as needed to achieve a recommended retention time

of nateglinide related compound B at about 25 minutes.] The

column temperature is maintained at 408. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure. The elution order is nateglinide

related compound B, followed by the nateglinide peak; and

the resolution, R, between the nateglinide related compound

B and nateglinide peaks is not less than 0.8. Chromatograph

the Standard solution, and record the peak responses as

directed for Procedure: the relative standard deviation for

replicate injections is not more than 5%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of nateglinide

related compound B in the portion of Nateglinide taken by

the formula:

100 (CS /CU)(ri / rS)

in which CS is the concentration, in mg per mL, of nateglinide

related compound B in the Standard solution; CU is the

concentration, in mg per mL, of Nateglinide in the Test

solution; and ri and rS are the peak responses of nateglinide

related compound B obtained from the Test solution and the

Standard solution, respectively: not more than 0.2% is found.

LIMIT OF NATEGLINIDE RELATED COMPOUND C AND

PHENYLALANINE—

Mobile phase, Standard preparation, System suitability

solution, and Chromatographic system—Proceed as directed

in the Assay.

Diluted standard solution—Quantitatively dilute a portion

of the Standard preparation with Mobile phase to obtain a

solution having a known concentration of about 0.01 mg of

nateglinide per mL.

Test solution—Use the Assay preparation prepared as

directed in the Assay.

Procedure—Separately inject equal volumes (about 20 mL)

of the Diluted standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of each specified

impurity listed in Table 2 in the portion of Nateglinide taken

by the formula:

100(1 /F)(CS /CU )(ri / rS)

in which F is the response factor of an individual impurity

relative to the response of nateglinide (Table 2); CS and CU are

the concentrations, in mg per mL, of nateglinide in the

Diluted standard solution and the Test solution, respectively;

ri is the peak response of each impurity obtained from the Test

solution; and rS is the nateglinide peak response obtained

from the Diluted standard solution.
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Table 2

Name

Relative

Retention

Time

Relative

Response

Factor

(F)

Limit

(%)

Phenylalanine 0.2 1.5 0.2

Nateglinide cis-isomer*

(related compound C)

0.9 0.97 0.2

Nateglinide 1.0 — —

* N-(cis-4-isopropylcyclohexylcarbonyl)-D-phenylalanine.

TOTAL IMPURITIES—Not more than 0.5% of total impurities

is found, the results for Limit of nateglinide related compound

A and other impurities, Limit of nateglinide related

compound B, and Limit of nateglinide related compound C

and phenylalanine being combined.

Assay—

0.06M Phosphate buffer pH 7.5—Dissolve 8.5 g of

anhydrous dibasic sodium phosphate in 1000 mL of water.

Adjust to pH 7.5 with phosphoric acid.

Mobile phase—Use a filtered and degassed mixture of

0.06M Phosphate buffer pH 7.5 and methanol (50 : 50). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability stock solution—Dissolve suitable

amounts of USP Nateglinide Related Compound C RS and

DL-phenylalanine in methanol, sonicating if necessary, to

obtain a solution containing about 0.2 mg of each component

per mL.

System suitability solution—Transfer an amount of USP

Nateglinide RS to a suitable volumetric flask, dissolve first in

methanol, using 45% of the final volume, add System

suitability stock solution equal to 5% of the final volume,

and then dilute with 0.06M Phosphate buffer pH 7.5 to

volume to obtain a solution containing about 1.0 mg of

nateglinide per mL and about 0.01 mg of each of nateglinide

related compound C and DL-phenylalanine per mL.

Standard preparation—Transfer an accurately weighed

amount of USP Nateglinide RS to a suitable volumetric

flask, dissolve first in methanol, using 50% of the final

volume, and then dilute with 0.06M Phosphate buffer pH 7.5

to volume to obtain a solution having a known concentration

of about 1.0 mg of nateglinide per mL.

Assay preparation—Transfer about 100 mg of Nateglinide,

accurately weighed, to a 100-mL volumetric flask, dissolve in

50 mL of methanol, and dilute with 0.06M Phosphate buffer

pH 7.5 to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 6-mm 6 15-cm column that contains 6-mm packing

L## (see Chromatographic Reagents under Reagents,

Indicators, and Solutions). The flow rate is about 1 mL per

minute. The column temperature is maintained at 308.

Chromatograph the System suitability solution, and record

the peak responses as directed for Procedure. Identify the

components based on their relative retention time (Table 2):

the resolution, R, between the nateglinide related compound

C and nateglinide peaks is not less than 0.9. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the relative standard deviation for

replicate injections is not more than 1.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the percentage of

C19H27NO3 in the portion of Nateglinide taken by the formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

nateglinide in the Standard preparation and the Assay

preparation, respectively; and rU and rS are the peak responses

obtained from the Assay preparation and the Standard

preparation, respectively.~USP33
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BRIEFING

Ofloxacin Tablets, USP 31 page 2848 and page 3656 of the First
Supplement. It is proposed to revise the test for Uniformity of dosage
units to provide the flexibility to test based on weight variation or
content uniformity, as appropriate.

(MD–AA: B. Davani; M. Puderbaugh) RTS—C66479

Change to read:

Uniformity of dosage units h905i: meet the requirements. for
Content Uniformity.

~

~USP33

BRIEFING

Ondansetron Orally Disintegrating Tablets, USP 31 page 2858
and page 439 of PF 33(3) [May–June 2007]. On the basis of
comments received, it is proposed to delete the test for Water
content. Water content of dosage forms is highly dependent on
excipients and may vary widely between formulations; in addition,
stability data indicate that variable water content has no effect on the
product quality.

(MD-PP: R. Ravichandran) RTS—C62222

Add the following:

~Labeling—When more than one Disintegration test is

given, the labeling states the Disintegration test used only if

Test 1 is not used.~USP33

Change to read:

Disintegration—

~

TEST 1:~USP33
not more than 10 seconds.

~

TEST 2—If the product complies with this test, the labeling

indicates that the product meets USP Disintegration Test 2.

For Tablets labeled to contain 4 or 8 mg: not more than 30

seconds. For Tablets labeled to contain 16 or 24 mg: not more

than 40 seconds.~USP33

Change to read:

Dissolution h711i—
Medium: 0.1N hydrochloric acid; 500 mL, deaerated.
Apparatus 2: 50 rpm.
Time: 10 minutes.

Standard solution—Accurately weigh an amount of USP
Ondansetron RS, and dilute with Medium to obtain a solution
having a final concentration of 0.01 mg per mL for Tablets labeled to
contain 4 mg, and a final concentration of 0.02 mg per mL for
Tablets labeled to contain 8 mg.

~Stock standard solution—Transfer about 40 mg, accurate-

ly weighed, of USP Ondansetron RS to a 500-mL volumetric

flask. Add about 300 mL ofMedium, and sonicate to dissolve.

Dilute with Medium to volume, and mix.

Working standard solution—For Tablets labeled to contain

4 mg, transfer 10.0 mL of the Stock standard solution into a

100-mL volumetric flask, dilute with Medium to volume, and

mix. For Tablets labeled to contain 8 mg, transfer 20.0 mL of

the Stock standard solution into a 100-mL volumetric flask,

dilute with Medium to volume, and mix. For Tablets labeled

to contain 16 mg, transfer 20.0 mL of the Stock standard

solution to a 50-mL volumetric flask, dilute with Medium to

volume, and mix. For Tablets labeled to contain 24 mg,

transfer 30.0 mL of the Stock standard solution to a 50-mL

volumetric flask, dilute with Medium to volume, and

mix.~USP33
Test solution—Pass a portion of the solution under test through a

~suitable~USP33
filter.
Procedure—Determine the amount of C18H19N3O dissolved by UV

absorption at the wavelength of maximum absorbance at about 310
nm on portions of the Test solution in comparison with the

~Working~USP33
standard solution, using a 1-cm cell

~for Tablets labeled to contain 4 or 8 mg, a 0.5-cm cell for

Tablets labeled to contain 16 mg, or a 0.2-cm cell for Tablets

labeled to contain 24 mg.~USP33
Calculate the amount, in percentage, of ondansetron released by the
formula: In-P
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in which AU and AS are the absorbances obtained from the Test
solution and the

~Working~USP33
standard solution, respectively; WS is the weight, in mg, of USP
Ondansetron RS taken

~CS is the concentration, in mg per mL, of the Working

standard solution;~USP33
500 is the volume, in mL, of Medium; 100 is the conversion factor
to percentage; D is the dilution factor of the Standard solution;

~

~USP33
and L is the Tablet label claim, in mg.
Tolerances—Not less than 80% (Q) of the labeled amount of

C18H19N3O is dissolved in 10 minutes.

Delete the following:

~

Water h921i: not more than 4.0%.~USP33

BRIEFING

Oseltamivir Phosphate. Because there is no existing USP
monograph for this drug substance, a new monograph, based on
submitted data, is being proposed. The gas chromatographic
procedure in the test for the Limit of tributyl phosphine oxide is
based on analyses performed with the DB1 (J&W), 0.25-mm film
thickness brand of G1 column. The typical retention times for
tributyl phosphine oxide and oseltamivir are about 5.3 and 9.8
minutes, respectively. The liquid chromatographic procedures for
Related compounds, Test 1 and the Assay are based on analyses
performed with the Symmetry C8 (Waters) 5-mm particle size brand
of L7 column. The typical retention time for oseltamivir is about
17.5 minutes. The liquid chromatographic procedure for Related
compounds, Test 2 is based on analyses performed with the Nucleosil
C18 AB endcapped, 5-mm particle size brand of L1 column. The
typical retention times for oseltamivir and 2-azido impurities are
about 0.55 and 1.45 minutes, respectively.

(MD-AA: B. Davani) RTS—C45044

Add the following:

~Oseltamivir Phosphate

C16H28N2O4 �H3PO4 410.40

[3R-(3a,4b,5a)]-Ethyl 4-(acetylamino)-5-amino-3-(1-ethyl-

propoxy)-1-cyclohexene-1-carboxylate phosphate (1 : 1).

Ethyl (3R,4R,5S)-4-acetamido-5-amino-3-(1-ethylpropoxy)-

1-cyclohexene-1-carboxylate, phosphate (1 : 1)

[204255-11-8].

» Oseltamivir Phosphate contains not less than 98.0

percent and not more than 101.5 percent of

C16H28N2O4 �H3PO4, calculated on the anhydrous

basis.

Packaging and storage—Preserve in well-closed containers.

Store at 258, excursions permitted between 158 and 308.

USP Reference standards h11i—USP Oseltamivir Phos-

phate RS. USP Tributyl Phosphine Oxide RS.

Identification—

A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Water, Method I h921i: not more than 0.5%.

Specific rotation h781Si: between –30.7 and –32.6.

Test solution: 10 mg per mL, in water.

Heavy metals, h231i: 0.001%.

Limit of tributyl phosphine oxide—

Blank solution—Transfer 1.0 mL of suitable derivatizing

reagent* to a vial. Close the vial, shake, and heat for 20

minutes at 608. Centrifuge the pyridinium salt precipitate.

Standard stock solution 1—Dissolve in a vial an accurately

weighed quantity of USP Tributyl Phosphine Oxide RS in

pyridine to obtain a solution having a known concentration of

about 21 mg per mL. Close the vial, and mix.

Standard stock solution 2—Transfer to a vial, an accurately

weighed quantity of USP Oseltamivir Phosphate RS in

suitable derivatizing reagent to obtain a solution having a

* Tri-Sil Reagent (product number: 48999 0049001) may be
obtained from Pierce: www.piercenet.com.
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known concentration of about 21 mg per mL. Close the vial,

mix, and heat for 20 minutes at 608. Centrifuge the

pyridinium salt precipitate.

Standard solution—Transfer 10.0 mL of Standard stock

solution 1 and 10.0 mL of Standard stock solution 2 to a 10-

mL volumetric flask, dilute with pyridine to volume, and mix.

Test solution—Transfer about 15 mg of Oseltamivir

Phosphate, accurately weighed, to a vial. Add 1.0 mL,

accurately measured, of suitable derivatizing reagent. Close

the vial, mix, and heat for 20 minutes to 608. Centrifuge the

pyridinium salt precipitate.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 0.32-mm 6 30-m capillary column coated

with a 0.25-mm phase G1. The carrier gas is helium, at a

linear flow rate of about 27 cm per second at 1808. The split

flow is about 64 mL per minute with a split flow ratio of about

1 : 50. The chromatograph is programmed as follows: the

column temperature is maintained at 1808 for 2 minutes, and

then the temperature is increased at a rate of 88 per minute to

2508, and held for 10 minutes. The injection port and detector

temperatures are maintained at about 2608. Chromatograph

the Standard solution as directed for Procedure: the relative

retention times for tributyl phosphine oxide and oseltamivir

phosphate are about 0.54 and 1.00, respectively; and the

relative standard deviation for replicate injections for the

tributyl phosphine oxide and osteltamivir phosphate peaks is

not more than 10.0%.

Procedure—Separately inject equal volumes (about 1 mL)

of the Blank solution, Standard solution, and Test solution

into the chromatograph, record the chromatograms, and

measure the peak areas. Calculate the percentage of tributyl

phosphine oxide in the portion of Oseltamivir Phosphate

taken by the formula:

100(VC/W)(ri / rS)

in which V is the volume, in mL, of the Test solution; C is the

concentration, in mg per mL, of tributyl phosphine oxide in

the Standard solution; W is the weight, in mg, of Oseltamivir

Phosphate taken to prepare the Test solution; and ri and rS are

the peak area responses of tributyl phosphine oxide obtained

from the Test solution and the Standard solution, respectively:

not more than 0.1% of tributyl phosphine oxide is found.

Related compounds—

TEST 1—

Buf fer solu t ion , Mobi le phase , Di luent , and

Chromatographic system—Proceed as directed in the Assay.

Standard solution—Use the Standard preparation, as

directed in the Assay.

Test solution—Use the Assay preparation.

Procedure—Using the chromatogram obtained in the

Assay, calculate the percentage of each impurity in the

portion of Oseltamivir Phosphate taken by the formula:

100(CS /CU)(1/F)(ri / rS )

in which 100 is percent conversion factor; CS is the

concentration, in mg per mL, of USP Oseltamivir Phosphate

RS in the Standard solution; CU is the concentration, in mg

per mL, of Oseltamivir Phosphate in the Test solution; F is the

relative response factor obtained from Table 1; ri is the peak

response for each impurity obtained from the Test solution;

and rS is the peak response for USP Oseltamivir Phosphate RS

obtained from the Standard solution.

The limits of impurities meet the requirements specified in

Table 1.
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Table 1

Name

Relative

Retention

Time

Relative

Response

Factor

(F)

Limit

(%)

Impurity Aa 0.17 1.4 0.3

Impurity Bb 0.51 2.7 0.1

Oseltamivir Phos-

phate

1.00 1.0 —

Unspecified impurity — 1.0 0.1

Total unspecified im-

purity

— — 0.4

Total of all impurities — — 0.7

a (3R,4R,5S)-4-Acetylamino-5-amino-3-(1-ethylpropoxy)-1-cyclo-
hexene-1-carboxylic acid.
b 4-Acetylamino-3-hydroxy-benzoic acid ethyl ester.

TEST 2: FOR 2-AZIDO IMPURITY

[NOTE—The chemical name of the 2-azido impurity is:

(3S,4R,5S)-ethyl 4-acetamido-5-amino-2-azido-3-(pentan-3-

yloxy)cyclohexanecarboxylate.]

Buffer solution—Dissolve 1.54 g of ammonium acetate in

1000 mL of water.

Mobile phase—Prepare a filtered and degassed mixture of

water, acetonitrile, and Buffer solution (600 : 300: 100). Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard solution—Dissolve an accurately weighed quan-

tity of USP Oseltamivir Phosphate RS, and dilute with water

to volume to obtain a solution having a known concentration

of about 0.001 mg per mL.

Test solution—Dissolve an accurately weighed quantity of

Oseltamivir Phosphate in water to obtain a solution having a

known concentration of about 10 mg per mL. [NOTE—This

solution can be stored at room temperature for 7 days.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with mass spectrom-

eter detectors, and a 3.0-mm 6 5-cm column that contains 5-

mm packing L1. The column temperature is maintained at 408,

and the flow rate is about 1.5 mL per minute. Use

electrospray (+) ionization, a selected ion monitoring mode

with m/z of 356.2 Da (protonated 2-azido impurity) and

appropriate corresponding m/z for oseltamivir phosphate.

Adjust the dwell time, fragmentation voltage, drying gas

temperature, drying gas flow, nebulizer pressure, and

capillary voltage, as appropriate for an optimal response.

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the relative standard

deviation for replicate injections is not more than 15.0%.

Procedure—Separately inject equal volumes (about 1 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak areas. Calculate the percentage of 2-azido impurity in

the portion of Oseltamivir Phosphate taken by the formula:

100(VC /W)(ri / rS)

in which 100 is the percent conversion factor; V is the

volume, in mL, of the Test solution; C is the concentration, in

mg per mL, of oseltamivir phosphate in the Standard

solution; W is the weight, in mg, of Oseltamivir Phosphate

taken to prepare the Test solution; ri is the peak area response

of the 2-azido impurity obtained from the Test solution; and rS

is the peak area response of oseltamivir phosphate in the

Standard solution: not more than 0.01% of 2-azido impurity

is found. [NOTE—The relative retention time for the 2-azido

impurity versus oseltamivir is about 2.6.]

Assay—

Buffer solution—Transfer 6.8 g of potassium dihydrogen

phosphate to a 1000-mL volumetric flask, and dissolve in

about 980 mL of water. Adjust with 1M potassium hydroxide

solution to a pH of 6.0, dilute with water to volume, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution, methanol, and acetonitile (620 : 245 : 135).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).
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Diluent—Prepare a degassed mixture of water, methanol,

and acetonitrile (620: 245: 135).

Standard preparation—Dissolve an accurately weighed

quantity of USP Oseltamivir Phosphate RS in Diluent to

obtain a solution having a known concentration of about 1 mg

per mL.

Assay preparation—Dissolve an accurately weighed quan-

tity of Oseltamivir Phosphate in Diluent to obtain a solution

having a concentration of about 1 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 207-nm

detector, and a 4.6-mm 6 25-cm column that contains

packing L7. The column temperature is maintained at 508,

and the flow rate is about 1.2 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor for the oseltamivir

peak is not less than 2.0, and the relative standard deviation

for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 15 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the perecent of

C16H28N2O4 �H3PO4 in the portion of Oseltamivir Phosphate

taken by the formula:

100(CS /CU)(rU / rS)

in which 100 is percent conversion factor; CS is the

concentration, in mg per mL, of USP Oseltamivir Phosphate

RS in the Standard preparation; CU is the theoretical

concentration, in mg per mL, of Oseltamivir Phosphate in

the Assay preparation, based on the amount weighed; and rU

and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respectively.~USP33

BRIEFING

Oseltamivir Phosphate Capsules. Because there is no existing
USP monograph for this drug product, a new monograph based on
submitted data is being proposed. The liquid chromatographic
procedure in the test for Related compounds and Assay are based on
analyses performed with the 5-mm particle size, Symmetry C8 brand
of L7 column. The typical retention time for oseltamivir is about
17.5 minutes.

(MD-AA: B. Davani; BPC: M. Marques) RTS—C45044

Add the following:

~Oseltamivir Phosphate Capsules

» Oseltamivir Phosphate Capsules contain Oselta-

mivir Phosphate equivalent to not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of oseltamivir (C16H28N2O4).

Packaging and storage—Preserve in well-closed containers.

Store at 258, excursions permitted between 158 and 308.

USP Reference standards h11i—USP Oseltamivir Phos-

phate RS.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, as obtained in

the Assay.

Dissolution h711i—

Medium: 0.1N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Time: 20 minutes.

Determine the amount of oseltamivir phosphate dissolved

by employing the following method.

Standard solution—Prepare a solution in Medium having a

known concentration of about 0.11 mg per mL of USP

Oseltamivir Phosphate RS. Quantitatively dilute a portion of
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this solution with Medium to obtain a solution having a

known concentration similar to the expected concentration in

the solution under test.

Test solution—Pass a portion of the solution under test

through a suitable 1-mm filter.

Excipients solution—Suspend an amount of the placebo

mixture equivalent to the weight of the excipients in one

dosage unit and one empty capsule shell in 900 mL of

Medium. Heat to 378 and filter.

Procedure—Determine the amount of oseltamivir phos-

phate dissolved by measuring the absorbance at about 240 nm

of the Test solution and Excipients solution in comparison

with the Standard solution, using the Medium as the blank.

Calculate the percentage of oseltamivir phosphate dissolved

by the formula:

in which AU, AES, and AS are the absorbances obtained from the

Test solution, Excipients solution, and Standard solution,

respectively; CS is the concentration, in mg per mL, of USP

Oseltamivir Phosphate RS in the Standard solution; 900 is the

volume, in mL, of Medium; 100 is the conversion factor to

percentage; and LC is the Capsule label claim of oseltamivir

phosphate, in mg.

Tolerances—Not less than 80% (Q) of the labeled amount

of oseltamivir phosphate is dissolved in 20 minutes.

Uniformity of dosage units h905i: meet the requirements.

Related compounds—

Buf fer solu t ion, Mobi le phase , Di luent , and

Chromatographic system—Proceed as directed in the Assay.

Standard solution—Use the Standard preparation, pre-

pared as directed in the Assay.

Test solution—Use the Assay preparation.

Procedure—Using the chromatogram obtained in the

Assay, calculate the percentage of individual impurities in

the portion of Capsules taken by the formula:

(312.40/410.40)(100)(rU / rS)(CS /CT)(1/F)

in which 312.40 and 410.40 are the molecular weights of

oseltamivir and oseltamivir phosphate, respectively; 100 is

percent conversion factor; rU is the individual peak response

for each impurity obtained from the Test solution; rS is the

response of the major peak in the Standard solution; CS is the

concentration, in mg per mL, of oseltamivir phosphate in the

Standard solution; CT is the concentration, in mg per mL, of

oseltamivir in the Test solution, based on the label claim per

tablet and the extent of dilution; and F is the relative response

factor obtained from Table 1. The impurities meet the limits

given in Table 1. [NOTE—Disregard all peaks due to

excipients.]

Table 1

Name/Component

Relative

Retention

Time

Relative

Response

Factor (F)

Max.

Limit

%

Impurity A1 0.18 1.4 1.0

Impurity B2 0.49 2.7 0.3

Oseltamivir phosphate 1.00 1.0 —

Impurity C3 1.45 1.0 0.2

Individual unidentified

impurity

— 1.0 0.2

Total unidentified impu-

rities

— 1.0 0.5

Total of all impurities — 1.0 1.5

1 (3R,4R,5S)-4-Acetylamino-5-amino-3-(1-ethylpropoxy)-1-cyclo-
hexene-1-carboxylic acid.
2 4-Acetylamino-3-hydroxy-benzoic acid ethyl ester.
3 (3R,4R,5S)-4-Amino-5-acetylamino-3-(1-ethylpropoxy)-1-cyclo-
hexene-1-carboxylic acid ethyl ester.
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Assay—

Buffer solution—Transfer 6.8 g of potassium dihydrogen

phosphate to a 1000-mL volumetric flask, and dissolve in

about 980 mL of water. Adjust with 1M potassium hydroxide

solution to a pH of 6.0, dilute with water to volume, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution, methanol, and acetonitrile (620 : 245 : 135).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Diluent—Prepare a mixture of 0.01N phosphoric acid,

methanol, and acetonitrile (620 : 245 : 135). Mix and degas.

Standard preparation—Dissolve an accurately weighed

quantity of USP Oseltamivir Phosphate RS in Diluent to

obtain a solution having a known concentration of about 1 mg

oseltamivir phosphate per mL.

Assay preparation—Weigh the contents of 20 Capsules and

mix. Prepare the equivalent of about 1 mg oseltamivir per

mL, based on label claim, by first dispersing a suitable portion

of the powder in about 40% of the flask volume with Diluent,

using a ultrasonic bath for about 20 minutes, and diluting with

Diluent to volume. Centrifuge an aliquot of this solution and

use the supernatant as the Assay preparation.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 207-nm

detector, and a 4.6-mm 6 25-cm, column that contains

packing L7. The column temperature is maintained at 508,

and the flow rate is about 1.2 mL per minute. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor for the oseltamivir

phosphate peak is not less than 2.0, and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 15 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

percent of label amount of oseltamivir (C16H28N2O4) in the

portion of Capsules taken by the formula:

(312.40/410.40)(100)(CS /CU)(rU / rS)

in which 312.40 and 410.40 are the molecular weights of

oseltamivir and oseltamivir phosphate, respectively; 100 is

percent conversion factor; CS is the concentration, in mg per

mL, of oseltamivir phosphate in the Standard preparation; CU

is the concentration in mg per mL, of oseltamivir in the Assay

preparation based on the label claim per Capsule and extent

of dilution; and rU and rS are the peak responses of oseltamivir

obtained from the Assay preparation and the Standard

preparation, respectively.~USP33

BRIEFING

Oxaliplatin for Injection. Because there is no existing USP
monograph for this drug product, a new monograph based on
validated methods of analysis is proposed. These procedures are
based on the analyses performed with the following columns:
1. Limit of oxalic acid: Thermo Electron Corporation BDS

Hypersil C18 brand of L1 column. The typical retention time
for the oxalic acid peak is about 4.5 minutes.

2. Limit of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-
N,N’]platinum: Thermo Electron Corporation BDS Hypersil
C18 brand of L1 column. The typical retention time for the (SP-
4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum
peak is about 4.3 minutes.

3. Limit of related compound C and unknown impurities: Thermo
Electron Corporation Hypersil C18 brand of L1 column. The
typical retention time for oxaliplatin related compound C peak
is about 4.5 minutes.

4. Assay: Thermo Electron Corporation Hypersil C18 brand of L1
column. The typical retention time for the oxaliplatin peak is
about 8.5 minutes.

(MD-OOD: F. Mao; MSA: R. Tirumalai) RTS—C59986

Add the following:

~Oxaliplatin for Injection

» Oxaliplatin for Injection is a sterile, lyophilized

mixture of Oxaliplatin and Lactose Monohydrate. It

contains not less than 95.0 percent and not more

than 105.0 percent of the labeled amount of

oxaliplatin (C8H14N2O4Pt).
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Packaging and storage—Preserve in Containers for Sterile

Solids as described under Injections h1i. Store at controlled

room temperature.

Labeling—Label it to indicate that it is to be diluted with a

suitable parenteral vehicle prior to intravenous infusion.

USP Reference standards h11i—USP Oxaliplatin RS. USP

Oxaliplatin Related Compound A RS. USP Oxaliplatin

Related Compound B RS. USP Oxaliplatin Related Com-

pound C RS. USP Oxaliplatin System Suitability RS. USP

Endotoxin RS.

Constituted solution—At the time of use, it meets the

requirements for Constituted Solutions under Injections h1i.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, as obtained in

the Assay.

Bacterial endotoxins h85i—It contains not more than 1.0

USP Endotoxin Units per mg of Oxaliplatin.

Sterility h71i: meets the requirements.

pH h791i: between 4.0 and 6.0 using a polymer

combination electrode, determined in a solution constituted

as directed in the labeling.

Particulate matter h788i—It meets the requirements for

small-volume injections.

Water, Method I h921i: not more than 3.0%.

Uniformity of dosage units h905i: meets the requirements.

Limit of oxalic acid—[NOTE—Use vigorous shaking and

very brief sonication to dissolve the substance to be

examined. Inject the Test solution within 20 minutes of

preparation. Use polypropylene HPLC autosampler vials.]

Mobile phase—Add 1.36 g of potassium dihydrogen

phosphate to 10 mL of 10% tetrabutylammonium hydroxide

in water, and dilute with water to 1000 mL. Adjust with

phosphoric acid to a pH of 6.0. Mix 80 volumes of this

solution and 20 volumes of acetonitrile.

Standard stock solution—Dissolve an accurately weighed

quantity of USP Oxaliplatin Related Compound A RS in

water to obtain a solution having a known concentration of

about 0.06 mg per mL.

Standard solution—Dilute the Standard stock solution with

water, quantitively and stepwise if necessary, to obtain a

solution having a known concentration of about 15 mg per

mL.

System suitability solution—Dissolve a suitable quantity of

sodium nitrate in water, to obtain a solution having a

concentration of about 0.05 mg per mL. Transfer 2 mL of this

solution and 25 mL of the Standard stock solution into a 100-

mL volumetric flask, and dilute with water to volume. This

solution contains about 1.0 mg per mL of sodium nitrate and

15 mg per mL of oxaliplatin related compound A.

Test solution—Constitute a suitable number of vials of

Oxaliplatin for Injection with the appropriate amount of water

to obtain a solution having a known concentration of about

2.0 mg of oxaliplatin per mL, based on the label claim.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 205-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 2 mL per minute. The column

temperature is maintained at 408. Chromatograph the System

suitability solution, and record the peak areas as directed for

Procedure: the relative retention times are about 0.6 for

sodium nitrate and 1.0 for oxalic acid; and the resolution, R,

between the peaks of sodium nitrate and oxalic acid is not less

than 2.0. Chromatograph the Standard solution, and record

the peak areas as directed for Procedure: the relative standard

deviation of oxalic acid peak for replicate injections is not

more than 3.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph and record the chromatograms. Calculate the

percentage of oxalic acid in the portion of Oxaliplatin for

Injection taken by the formula:
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100(M1 / M2)(CS /CU)(rU / rS)

in which M1 is 90.03 and M2 is 126.07 and are the molecular

weights of anhydrous oxalic acid and oxaliplatin related

compound A, respectively; CS is the concentration, in mg per

mL, of USP Oxaliplatin Related Compound A RS in the

Standard solution; CU is the concentration, in mg per mL, of

oxaliplatin in the Test solution; and rU and rS are oxalic acid

peak areas in the Test solution and Standard solution,

respectively: not more than 0.25% of oxalic acid is found.

[NOTE—The USP Oxaliplatin Related Compound A RS is

available as oxalic acid dihydrate.]

Limit of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-

diamine-N,N’]platinum—[NOTE—Use vigorous shaking

and very brief sonication to dissolve the substance to be

examined. Inject the Test solution within 20 minutes of

preparation. Use polypropylene HPLC autosampler vials.]

Mobile phase—Dissolve 1.36 g of potassium dihydrogen

phosphate and 1 g of sodium heptanesulphonate in 1 L of

water, and adjust with phosphoric acid to a pH of 3.0. Mix 80

volumes of this solution and 20 volumes of acetonitrile. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability solution—Dissolve a suitable quantity of

USP Oxaliplatin RS in 0.005M sodium hydroxide, sonicate if

necessary, to obtain a solution having a concentration of

about 2 mg per mL. Allow this solution to stand at room

temperature for at least 5 days. Transfer 5 mL of this solution

into a 50-mL volumetric flask, and dilute with water to

volume. [NOTE—The preparation of the System suitability

solution forms diaquodiaminocyclohexaneplatinum dimer

and (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-

N,N’]platinum.]

Standard solution—Transfer an accurately weighed quan-

tity of USP Oxaliplatin Related Compound B RS in a suitable

volumetric flask, add 25% of the final volume of methanol,

sonicate for approximately 30 minutes to dissolve. Allow to

cool if necessary, dilute with water to volume to obtain a

solution having a known concentration of about 0.0125 mg

per mL. [NOTE—When preparing the solution, USP Oxali-

platin Related Compound B RS is converted to (SP-4-2)-

diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum.]

Test solution—Use Test solution from the Limit of oxalic

acid.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 2 mL per minute. The column

temperature is maintained at 408. Chromatograph the System

suitability solution, and record the peak area as directed for

Procedure: the relative retention times are about 1.0 for (SP-

4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum

and 1.5 for the diaquodiaminocyclohexaneplatinum dimer;

the resolution, R, between the peaks of (SP-4-2)-dia-

qua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum and

diaquodiaminocyclohexaneplatinum dimer is not less than

2.0. Chromatograph the Standard solution, and record the

peak area as directed for Procedure: the relative standard

deviation for replicate injections is not more than 3.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph and record the chromatograms. Calculate the

percentage of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-dia-

mine-N,N’]platinum in the portion of Oxaliplatin for Injection

taken by the formula:

100(M1 / M2)(CS /CU)(rU / rS)

in which M1 is 345.30 and M2 is 433.28 and are the

molecular weights of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-

1,2-diamine-N,N’]platinum and oxaliplatin related compound

B, respectively; CS is the concentration, in mg per mL, of USP

Oxaliplatin Related Compound B RS in the Standard

solution; CU is the concentration, in mg per mL, of oxaliplatin

in the Test solution; and rU and rS are the (SP-4-2)-

diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum
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peak areas in the Test solution and Standard solution,

respectively: not more than 0.35% of (SP-4-2)-dia-

qua[(1R,2R)-cyclohexane-1,2-diamine-N,N’]platinum is

found.

Limit of related compound C and unspecified

impurities—[NOTE—Use vigorous shaking and very brief

sonication to dissolve the substance to be examined. Inject the

Test solution within 20 minutes of preparation. Use

polypropylene HPLC autosampler vials.]

Mobile phase—Proceed as directed in the Assay.

Standard stock solution—Dissolve accurately weighed

quantities of USP Oxaliplatin RS and USP Oxaliplatin

Related Compound C RS in water to obtain a solution

having known concentrations of about 0.1 mg each per mL.

Standard solution—Transfer 5 mL of the Standard stock

solution into a 50-mL volumetric flask, and dilute with water

to volume. This solution contains 0.01 mg each per mL of

oxaliplatin and oxaliplatin related compound C.

System suitability stock solution—Dissolve a suitable

quantity of USP Oxaliplatin System Suitability RS in

methanol, and sonicate for approximately 10 minutes to

obtain a solution having a known concentration of about 0.1

mg per mL.

System suitability solution—Transfer 10 mL each of the

Standard stock solution and the System suitability stock

solution into a 100-mL volumetric flask, and dilute with water

to volume.

Test solution—Use Test solution in the Limit of oxalic acid.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay. Chromatograph the System

suitability solution, and record the peak area as directed for

Procedure: the resolution, R, between the peaks of [SP-4-2-

(1R-trans)]-(1,2-cyclohexanediamine-N,N’) dichloridoplati-

num(II) and oxaliplatin is not less than 2.0; and the tailing

factor of the oxaliplatin peak is not more than 2.0.

Chromatograph the Standard solution, and record the peak

area as directed for Procedure: the relative standard

deviations of oxaliplatin and oxaliplatin related compound

C peaks for replicate injections are not more than 3.0%.

[NOTE—USP Oxaliplatin System Suitability RS is compound

[SP-4-2-(1R-trans)]-(1,2-cyclohexanediamine-N,N’) dichlori-

doplatinum(II).]

Procedure—Separately inject equal volumes (about 10 mL)

of the Standard solution and the Test solution into the

chromatograph and record the chromatograms. Calculate the

percentage of oxaliplatin related compound C in the portion

of Oxaliplatin for Injection taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of oxaliplatin

related compound C in the Standard solution; CU is the

concentration, in mg per mL, of oxaliplatin in the Test

solution; and rU and rS are the oxaliplatin related compound C

peak areas in the Test solution and Standard solution,

respectively. The limit is given in Table 1. Calculate the

percentage of each unspecified impurity in the portion of

Oxaliplatin for Injection taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of oxaliplatin

in the Standard solution; CU is the concentration, in mg per

mL, of oxaliplatin in the Test solution; rU is the unspecified

impurity peak area in the Test solution; and rS is the

oxaliplatin peak area in the Standard solution. The limits are

given in Table 1.

Table 1

Name RRT

Limit

(%)

Oxaliplatin related compound Ca 0.6 0.05

[SP-4-2-(1R-trans)]-(1,2-Cyclohexane-

diamine-N,N’) dichloridoplati-

num(II)b

0.8 —

Oxaliplatin 1.0 —
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Table 1 (Continued)

Name RRT

Limit

(%)

Any individual unspecified impurity — 0.20

Total unspecified impurities — 0.20

a [1R-trans-(1,2-Cyclohexanediamine-N,N’)]-trans-dihydroxido-
[oxalato(2-)-O,O’]platinum(IV).
b The relative retention time of [SP-4-2-(1R-trans)]-(1,2-cyclohex-
anediamine-N,N’) dichloridoplatinum(II) has been included for
system suitability purposes only.

Calculate the sum of oxalic acid, (SP-4-2)-diaqua[(1R,2R)-

cyclohexane-1,2-diamine-N,N’]platinum, oxaliplatin related

compound C, and total unspecified impurities: not more

than 0.60% is found.

Other requirements—It meets the requirements under

Injections h1i.

Assay—[NOTE—Use vigorous shaking and very brief sonica-

tion to dissolve the substance to be examined. Inject the Test

solution within 20 minutes of preparation. Use plypropylene

HPLC autosampler vials.]

Acidified water—Adjust the pH of water to 3.0 with

phosphoric acid.

Mobile phase—Prepare a mixture of Acidified water and

acetonitrile (99 : 1). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

System suitability solution—Dissolve suitable quantities of

USP Oxaliplatin RS and USP Oxaliplatin System Suitability

RS in water to obtain a solution having concentrations of

about 0.1 mg each per mL.

Standard preparation—Dissolve an accurately weighed

quantity of USP Oxaliplatin RS in water to obtain a solution

having a known concentration of about 0.1 mg per mL.

Assay preparation—Constitute a suitable number of vials

of Oxaliplatin for Injection with the appropriate amount of

water to obtain a solution having a known concentration of

about 0.1 mg of oxaliplatin per mL, based on the label claim.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detector

and a 4.6-mm 6 25-cm column that contains 5-mm packing

L1. The flow rate is about 1.2 mL per minute. The column

temperature is maintained at 408. Chromatograph the System

suitability solution, and record the peak areas as directed for

Procedure: the relative retention times are about 0.9 for USP

Oxaliplatin System Suitability RS and 1.0 for oxaliplatin; the

resolution, R, between the peaks of USP Oxaliplatin System

Suitability RS and oxaliplatin is not less than 2.0; and the

tailing factor of oxaliplatin peak is not more than 2.0.

Chromatograph the Standard preparation, and record the

peak areas as directed for Procedure: the relative standard

deviation for replicate injections of the oxaliplatin peak is not

more than 1.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph. Record the chromatograms and measure

the areas for oxaliplatin peaks. Calculate the quantity, in

percentage of the label claim, of C8H14N2O4Pt in the portion

of Oxaliplatin for Injection taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of oxaliplatin

in the Standard preparation; CU is the nominal concentration,

in mg per mL, of oxaliplatin in the Assay preparation; and rU

and rS are the peak areas obtained from the Assay preparation

and the Standard preparation, respectively.~USP33
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BRIEFING

Oxcarbazepine Tablets. Because there is no existing USP
monograph for this drug product, a new monograph, based on
validated methods of analysis, is being proposed. The liquid
chromatographic procedure in the test for Related compounds and
in the Assay is based on analyses performed with the Hypersil BDS
C18 brand of L1 column. The typical retention time for
oxcarbazepine is about 5.6 minutes.

(MD-PP: R. Ravichandran; F. Mao) RTS—C61741

Add the following:

~Oxcarbazepine Tablets

» Oxcarbazepine Tablets contain not less than 90.0

percent and not more than 110.0 percent of the

labeled amount of oxcarbazepine (C15H12N2O2).

Packaging and storage—Preserve in well-closed containers.

Store at controlled room temperature.

USP Reference standards h11i—USP Carbamazepine RS.

USP Oxcarbazepine RS.

Identification—

A: Infrared Absorption h197Ki.

Procedure—Weigh about 840 mg of crushed Tablet powder

to a 50-mL volumetric flask. Add 45 mL of chloroform into

the flask, and shake the flask for about 30 minutes on a

mechanical shaker. Make up the volume with chloroform,

centrifuge it, and collect the supernatant in a Petri dish.

Evaporate the supernatant on a water bath at 608. Dry the

residue, and crush the residue thoroughly with potassium

bromide in the ratio of 1 : 100. Compare the IR spectrum to a

spectrum obtained from a KBr pellet containing USP

Oxcarbazepine RS in the ratio of 1 : 100.

B: The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as obtained

in the Assay.

Dissolution h711i: [To come.]

Uniformity of dosage units h905i: meets the requirements.

Related compounds—

Phosphate buffer—Proceed as directed in the Assay.

Diluent—Prepare a mixture of methanol and water (3 : 2).

Mobile phase—Prepare a filtered and degassed mixture of

Phosphate buffer, methanol, and acetonitrile (75 : 29 : 21).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Blank solution—Transfer 10 mL of Diluent to a 25-mL

volumetric flask, and dilute withMobile phase to volume, and

mix.

System suitability solution—Dissolve accurately weighed

quantities of USP Oxcarbazepine RS and USP Carbamaze-

pine RS in Mobile phase to obtain a solution having known

concentrations of about 0.5 mg of oxcarbazepine per mL and

1.0 mg of carbamazepine per mL.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Oxcarbazepine RS in Mobile phase to obtain a

solution having a known concentration of about 0.5 mg per

mL.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed quantity of powdered

Tablets, equivalent to about 600 mg of oxcarbazepine, to a

500-mL volumetric flask. Sonicate for 15 minutes with

intermittent swirling, cool completely to room temperature,

and dilute with Diluent to volume. Pass this solution through

a suitable 2-mm glass filter, and discard the first portion of the

filtrate. Quantitatively dilute this solution with Mobile phase

to obtain a solution having a known concentration of about

0.5 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm

detector, a refrigerated autosampler at about 58, and a 4.6-

mm 6 25-cm column that contains 5-mm packing L1. The

flow rate is about 1.5 mL per minute. The column temperature

is maintained at 508. Chromatograph the System suitability

solution, and record the peak responses as directed for
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Procedure: the resolution, R, between oxcarbazepine and

carbamazepine is not less than 8.0. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure: the relative standard deviation for replicate

injections is not more than 10.0%.

Procedure—Separately inject equal volumes (about 10 mL)

of the Blank solution, the Standard solution, and the Test

solution into the chromatograph, allow the chromatogram to

run for about 10 times the retention time of oxcarbazepine,

record the chromatograms, and measure the peak responses.

Calculate the percentage of each impurity in the portion of

oxcarbazepine taken by the formula:

100(1/F)(CS /CU)(ri / rS)

in which F is the relative response factor for each impurity

obtained from Table 1; CS is the concentration, in mg per mL,

of oxcarbazepine in the Standard solution; CU is the

concentration, in mg per mL, of oxcarbazepine in the Test

solution; ri is the peak response for each impurity obtained

from the Test solution; and rS is the peak area for

oxcarbazepine obtained from the Standard solution. The

limits are given in Table 1. [NOTE—Disregard any peaks

observed in the Blank solution.]

Table 1

Name

Relative

Retention

Time

Relative

Response

Factor (F)

Limit

(%)

Oxcarbazepine 1.0 1.0 —

Carbamazepinea 1.6 1.5 0.20

Dibenzazepinoneb 2.0 1.0 0.05

Methoxydibenzazepinec 2.3 1.3 0.05

Individual unspecified

impurity

— 1.0 0.10

Total impurities — — 0.75

a Dibenz[b,f]azepine-5-carboxamide.
b 10(11H)-Oxo-5H-Dibenz[b,f]azepine.
c 10-Methoxy-5H-Dibenz[b,f]azepine-5-carboxamide.

Assay—

Diluent—Prepare a mixture of methanol and water (4 : 1).

Phosphate buffer—Dissolve about 6.8 g of monobasic

potassium phosphate in 1 L of water, add 2 mL of

triethylamine, and mix. Adjust with phosphoric acid to a

pH of 6.0.

Mobile phase—Prepare a filtered and degassed mixture of

Phosphate buffer, methanol, and acetonitrile (31 : 11 : 8).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Oxcarbazepine RS in Diluent, and sonicate

for 5 minutes to obtain a solution having a known

concentration of about 0.5 mg per mL. Transfer 5.0 mL of

this solution to a 25-mL volumetric flask, and dilute with

Mobile phase to volume to obtain a solution having a known

concentration of about 0.1 mg per mL.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed quantity of

powdered Tablets, equivalent to about 600 mg of oxcarba-

zepine, to a 500-mL volumetric flask. Sonicate for 15 minutes

with intermittent swirling, cool completely to room temper-

ature, and dilute with Diluent to volume. Pass this solution

through a suitable 2-mm glass filter, and discard the first

portion of the filtrate. Quantitatively dilute this solution with

Mobile phase to obtain a solution having a known

concentration of about 0.1 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm

detector, a refrigerated autosampler at about 58, and a 4.6-

mm 6 25-cm column that contains 5-mm packing L1. The

flow rate is about 1.5 mL per minute. The column temperature

is maintained at 508. Chromatograph the Standard solution,

and record the peak responses as directed for Procedure: the

tailing factor is not more than 2.0; and the relative standard

deviation for replicate injections is not more than 2.0%.
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Procedure—Separately inject equal volumes (about 10 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the oxcarbazepine peaks. Calculate the

quantity, in percentage of label claim, of C15H12N2O2 in the

portion of oxcarbazepine taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of USP

Oxcarbazepine RS in the Standard preparation; CU is the

concentration, in mg per mL, of oxcarbazepine in the Assay

preparation, based on the label claim; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.~USP33

BRIEFING

Oxycodone Hydrochloride, USP 31 page 2878. On the basis of
comments received, it is proposed to add a new test, Limit of
oxycodone related compound A (14-hydroxycodeinone) and oxyco-
done related compound C (codeinone), which identifies and
quantifies two ketone impurities. The liquid chromatographic
procedure for this limit test is based on analyses performed with a
Symmetry C18 brand of L1 column. The typical retention times for
14-hydroxycodeinone and codeinone are about 27.5 and 14 minutes,
respectively. It is also proposed to add limits for the impurities
identified in the Chromatographic purity test and to introduce USP
Oxycodone Hydrochloride RS, which is used in the limit test.

(MD-CCA: C. Anthony) RTS—C57682

Change to read:

USP Reference standards h11i—USP Oxycodone RS;

~USP Oxycodone Hydrochloride RS. USP Oxycodone

Related Compound A RS. USP Oxycodone Related Com-

pound C RS.~USP33

Add the following:

~Limit of oxycodone related compound A (14-

hydroxycodeinone) and oxycodone related compound C

(codeinone)—

Buffer solution—Dissolve 3.45 g of monobasic sodium

phosphate in 1000 mL of water. Add 5.41 g of sodium

dodecyl sulfate, and mix. Filter, and adjust with 50% (w/v)

sodium hydroxide solution to a pH of 7.50+ 0.05.

8.5% Phosphoric acid solution—Add 10 mL of phosphoric

acid to 90 mL of water, and mix.

Diluent—Prepare a mixture of water and 8.5% Phosphoric

acid solution (900 : 100).

Mobile phase—Prepare a mixture of Buffer solution,

acetonitrile, and methanol (72.2 : 15.8 : 12.0), and adjust

with 8.5% Phosphoric acid solution to a pH of 7.80+ 0.01.

Standard stock impurity solution—Dissolve accurately

weighed quantities of USP Oxycodone Related Compound

A RS and USP Oxycodone Related Compound C RS in

Diluent, and dilute quantitatively, and stepwise if necessary,

with Diluent to obtain a solution having a known concentra-

tion of about 0.25 mg per mL for each Reference Standard.

Impurity solution—Transfer 1 mL of Standard stock

impurity solution into a 50-mL volumetric flask, dilute with

Diluent to volume, and mix.

Standard solution—Accurately weigh 500 mg of USP

Oxycodone Hydrochloride RS into a 10-mL volumetric flask.

Transfer 1 mL of Impurity solution to the flask. Dilute with

Diluent to volume, and mix.

Unspiked oxycodone hydrochloride solution—Accurately

weigh 500 mg of USP Oxycodone Hydrochloride RS into a

10-mL volumetric flask, dilute with Diluent to volume, and

mix.

System suitability solution—Transfer 1 mL of Standard

stock impurity solution into a 50-mL volumetric flask.

Transfer 100 mL of Unspiked oxycodone hydrochloride

solution to the flask, dilute with Diluent to volume, and mix.

Test solution—Transfer about 500 mg of Oxycodone

Hydrochloride, accurately weighed, to a 10-mL volumetric

flask, dissolve in and dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detector

and a 3.0-mm 6 15-cm column that contains 3.5-mm packing

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
1480 IN-PROCESS REVISION Vol. 34(6) [Nov.–Dec. 2008]



L1.The column temperature is maintained at 408. The flow

rate is about 0.7 mL per minute. Chromatograph the System

suitability solution, and record the peak areas as directed for

Procedure. [NOTE—The relative retention times are about 0.44

for oxycodone related compound C, about 0.85 for

oxycodone related compound A, and 1.0 for oxycodone.]

The resolution, R, between oxycodone related compound A

and oxycodone related compound C is not less than 4; and the

tailing factor for oxycodone is not more than 2.0. Chromat-

ograph the Standard solution: the relative standard deviation

for replicate injections is not more than 20% foroxycodone

related compound A and C.

Procedure—Separately inject a volume (about 5 mL) of

Diluent, Test solution, Unspiked oxycodone hydrochloride

solution, and the Standard solution into the chromatograph,

record the chromatograms, and measure the peak areas.

Calculate the concentration, in ppm, for oxycodone related

compound A and oxycodone related compound C in the

portion of Oxyodone Hydrochloride taken by the formula:

1,000,000(CS /CU) 6 (rU / rS)

in which CS is the concentration, in mg per mL, of oxycodone

related compound A or oxycodone related compound C in the

Standard solution; CU is the concentration of Oxycodone

Hydrochloride, in mg per mL, in the Test solution; rU is the

individual peak area of oxycodone related compound A or

oxycodone related compound C in the Test solution; and rS is

the peak area of oxycodone related compound A or

oxycodone related compound C in the Standard solution

minus the area of Unspiked oxycodone hydrochloride

solution. Not more than 10 ppm of oxycodone related

compound A, 14-hydroxycodeinone (Cl8H21NO4), is found;

and not more than 10 ppm of oxycodone related compound C,

codeinone (C18H19NO3), is found.~USP33

Change to read:

Chromatographic purity—Using the chromatogram of the Assay
preparation obtained in the Assay, calculate the percentage of each
impurity in the portion of Oxycodone Hydrochloride taken by the
formula:

100(ri / rs)

in which ri is the peak response for each impurity; and rs is the sum
of the responses of all the peaks: not more than 1.0% of any
individual impurity is found; and the sum of all impurities is not
more than 2.0%.

~the impurities meet the requirements listed in the table

below.

Compound

Relative

Retention

Time

Limit

(%)

Oxymorphone 0.31 0.15

Noroxymorphone 0.33 0.15

10-hydroxyoxycodone 0.53 0.15

6-a Oxycodol 0.67 0.25

7,8-Dihydro-8b-14-dihydroxyco

deinone

0.71 0.15

Hydrocodone 1.19 0.15

Individual unspecified impurity — 0.10

Total impurities — 2.0

~USP33

BRIEFING

Potassium Iodide Delayed-Release Tablets, USP 31 page 3044.
It is proposed to delete the cross-reference in the Other requirements
section to the Identification test under Potassium Iodide Tablets and
to add an Identification test to this monograph.

(MD-AA: H. Ramanathan; B. Davani) RTS—C67672

Add the following:

~Identification—A filtered solution of powdered Tablets

meets the requirements of the tests for Potassium h191i and

for Iodide h191i.~USP33

Other requirements—Tablets respond to the Identification test and

~

~USP33
meet the requirements for Uniformity of dosage units and Assay
under Potassium Iodide Tablets.
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BRIEFING

Pyrantel Pamoate, USP 31 page 3132. As part of USP
monograph modernization efforts, it is proposed to replace paper
chromatography and TLC-based tests for Related compounds with
the HPLC method. The HPLC procedure is adopted from the
Pyrantel Embonate monograph in the European Pharmacopoeia, 6th

edition. Additionally, validation work was done to support the
revision. The analyses is performed with a Zorbax-SIL brand of 5-
mm L3 column. The retention times for pyrantel and pyrantel related
compound A are about 11 and 14.3 minutes, respectively.

(MD-AA: B. Davani; H. Ramanathan) RTS—C56125

Change to read:

USP Reference standards h11i—USP Pamoic Acid RS. USP
Pyrantel Pamoate RS.

~USP Pyrantel Related Compound A RS.~USP33

Change to read:

Related compounds—
TEST 1—
Chromatographic sheet—Impregnate 18- 6 56-cm filter paper

(Whatman No. 1 or equivalent) with a freshly prepared 7 : 3 mixture
of acetone and glycine–sodium chloride–hydrochloric acid buffer
solution (prepared by mixing 3 volumes of a solution that is 0.3M
with respect to both glycine and sodium chloride with 7 volumes of
0.3M hydrochloric acid). Press the impregnated paper uniformly
between white, nonfluorescent blotters to remove the excess solvent.
Test solutions: 0.2 and 20 mg per mL, in a mixture of

chloroform, methanol, and ammonium hydroxide (10 : 10 : 1).
Standard solutions: 0.2 and 20 mg per mL, in a mixture of

chloroform, methanol, and ammonium hydroxide (10 : 10 : 1).
Application volume: 20 mL.
Developing solvent system: a mixture of ethyl acetate, butyl

alcohol, and water (10 : 1 : 1).
Procedure—Proceed as directed for Descending Chromatography

under Chromatography h621i. Develop for 16 to 20 hours. Remove
the sheet from the chamber, air-dry for 10 minutes, transfer to an air-
circulating oven, and dry at 608 for 30 minutes. Examine the
chromatogram on a 254-nm UV scanner screen: the RF value of the
principal spot from the Test solution corresponds to that obtained
from the appropriate Standard solution; and no spot in the
chromatogram of the more concentrated Test solution, other than
the principal spot, is larger or more intense than the principal spot
from the less concentrated Test solution.

TEST 2—
Adsorbent: 0.25-mm layer of chromatographic silica gel mix-

ture.
Test stock solution—Transfer about 100 mg of Pyrantel Pamoate,

accurately weighed, to a 10-mL volumetric flask, dissolve in and
dilute with dimethylformamide to volume, and mix.
Test solution—Transfer 1.0 mL of the Test stock solution to a 100-

mL volumetric flask, dilute with dimethylformamide to volume, and
mix.
Standard solution—Transfer about 50 mg of USP Pyrantel

Pamoate RS to a 5-mL volumetric flask, dilute with dimethylform-
amide to volume, and mix.
Developing solvent system: a mixture of ethyl acetate, water, and

glacial acetic acid (3 : 1 : 1).
Procedure—Proceed as directed for Thin-Layer Chromatography

under Chromatography h621i, except to line the developing
chamber with filter paper, and allow to equilibrate. Apply 5-mL
portions of the Test stock solution, the Test solution, and the
Standard solution to the plate, and allow to dry. Develop the
chromatogram until the solvent front has moved about 10 cm.

Remove the plate from the developing chamber, and allow to air-dry
for about 10 minutes. Examine the plate under short-wavelength UV
light. The chromatograms obtained from the Test stock solution and
the Test solution exhibit spots for pyrantel and the pamoate moiety at
relative positions corresponding to those obtained from the
chromatogram of the Standard solution: the RF value of pyrantel is
about 0.3, and the RF value of the pamoate moiety is about 0.8. No
spot obtained from the Test stock solution, other than that of pyrantel
and the pamoate moiety, is more intense than the pyrantel spot
obtained from the Test solution.

~Diluent—Prepare a mixture of glacial acetic acid, water,

and diethylamine (5 : 5 : 2).

Mobile phase—Prepare a mixture of acetonitrile and

Diluent (92.8 : 7.2) [NOTE—Prepare the solutions immediately

before use, and protect from light at all stages.]

Stock standard solution—Dissolve an accurately weighed

quantity of USP Pyrantel Pamoate RS in Diluent, using 7% of

the final volume, and dilute with acetonitrile to volume to

obtain a solution with a final concentration of about 0.8 mg

per mL.

Standard solution—Transfer a suitable portion of Stock

standard solution, and dilute quantitatively with Mobile

phase to obtain a solution with a known concentration of

about 4 mg per mL.

System suitability solution—Dissolve a weighed quantity of

USP Pyrantel Related Compound A RS first in the Stock

standard solution, using 5% of the final volume. Dilute with

Diluent to volume to obtain a solution with a concentration of

about 0.2 mg per mL of pyrantel related compound A and 40

mg per mL of pyrantel pamoate. Transfer a suitable portion of

this solution, and dilute quantitatively with Diluent to obtain a

solution with a final concentration of about 4 mg per mL of

pyrantel related compound A and 0.8 mg per mL of pyrantel

pamoate.

Test solution—Dissolve 80 mg of Pyrantel Pamoate in 7 mL

of the Diluent in a 100-mL volumetric flask, and dilute with

acetonitrile to volume.

Chromatographic system—The liquid chromatograph is

equipped with a 288-nm detector and 4.6-mm 6 25-cm

column that contains L3 packing. The flow rate is about 1.0

mL per minute. Chromatograph the System suitability

solution, and record the peak responses as directed for

Procedure: the resolution, R, between pyrantel and pyrantel
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related compound A is not less than 4.0; the tailing factor for

the pyrantel peak is not more than 1.5; and the relative

standard deviation for replicate injections is not more than

10.0% for the pyrantel peak.

Procedure—Separately inject equal volumes (20 mL) of the

Standard solution, System suitability solution, and the Test

solution. Record the chromatograms for about 4 times the

retention time of pyrantel. Identify the peaks using the

relative retention time values given in Table 1. Measure the

peak areas of all peaks in the Test solution.

Table 1

Component name

Approx.

Relative

Retention

Time

(RRT)

Relative

Response

Factor

(F)

Limit

(%)

Pamoic acid1 0.5 N/A N/A

Pyrantel(E-isomer) 1.0 N/A N/A

Pyrantel related

compound A2

1.3 N/A 0.5

Impurity B3 1.8 2.5 0.2

Individual

unspecified

impurities

N/A 1.0 0.1% each

Total unspecified

impurities

N/A N/A 0.3

Total impurities N/A N/A 1.0

1 For identification purposes only.
2 1-methyl-2-[(Z)-2-(thiophen-2-yl)ethenyl]-1,4,5,6-tetrahydropyri-
midine.
3 (E)-N-[3-(methylamino)propyl]-3-(thiophen-2-yl)prop-2-enamide.

[NOTE—Disregard any peak in the Test solution having an area

less than one-tenth the principal peak in the Standard

solution.] Calculate the percentage of pyrantel related

compound A in the portion of the Pyrantel Pamoate taken

by the formula:

100 (CS /CU)(ri / rS)

in which CS is the concentration of USP Pyrantel Related

Compound A RS, in mg per mL, in the System suitability

solution; CU is the nominal concentration of Pyrantel

Pamoate, in mg per mL, in the Test solution; and ri and rS

are the peak responses of pyrantel related compound A

obtained from the Test solution and the System suitability

solution, respectively. Calculate the percentage of impurity B

or any other unspecified impurities in the portion of Pyrantel

Pamoate taken by the formula:

100 (1/F)(CS /CU)(ri / rS)

in which F is the relative response factor of individual

impurities as indicated in Table 1; CS is the concentration of

Pyrantel Pamoate, in mg per mL, in the Standard solution; CU

is the nominal concentration, in mg per mL, of Pyrantel

Pamoate in the Test solution; ri is the peak response of

impurity B or any individual unspecified impurity obtained

from the Test solution; and rS is the response of the pyrantel

peak obtained from the Standard solution, respectively.~USP33

BRIEFING

Sulfinpyrazone, USP 31 page 3305. It is proposed to remove the
tests for Solubility in acetone and Solubility in 0.50N sodium
hydroxide because these tests have already been included under the
Description and Solubility Reference Tables section of USP–NF.

(MD-AA: H. Ramanathan; B. Davani) RTS—C67035

Delete the following:

~

Solubility in acetone—A 250-mg portion dissolves in 5.0 mL of
acetone to yield a clear, practically colorless solution.~USP33

Delete the following:

~

Solubility in 0.50N sodium hydroxide—A 0.50-g portion
dissolves in 10.0 mL of 0.50N sodium hydroxide to yield a clear,
practically colorless solution.~USP33
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BRIEFING

Tranexamic Acid. Because there is no existing USP monograph
for this drug substance, a new monograph is being proposed, based
on the monograph published in the European Pharmacopoeia 5.5.
The liquid chromatographic procedure in the test for Related
compounds is based on analyses performed with the Nucleosil brand
of column containing packing L1. The YMC pack ODS AM-313
brand of column containing packing L1 is also suitable. The typical
retention time for the tranexamic acid peak is about 15 minutes.

(MD-CV: S. Ramakrishna) RTS—C45951

Add the following:

~Tranexamic Acid

C8H15NO2 157.2

Trans-4-(Aminomethyl)cyclohexanecarboxylic acid.

Cyclohexanecarboxylic acid, 4-(aminomethyl)-, trans

[1197-18-8].

» Tranexamic Acid contains not less than 99.0

percent and not more than 101.0 percent of

C8H15NO2, calculated on the dried basis.

Packaging and storage—Preserve in tight containers, and

store at a temperature not exceeding 308.

USP Reference standards h11i—USP Tranexamic Acid RS.

USP Tranexamic Acid Related Compound C RS.

Identification—Infrared Absorption h197Ki.

Loss on drying h731i—Dry at 1058 under vacuum for

2 hours. It loses not more than 0.5% of its weight. A 1.00 g

specimen is used.

Residue on ignition h281i: not more than 0.1%; a 1 g

specimen is used.

Heavy metals, Method II h231i: 10 mg per g.

Chloride h221i: A 0.36 g portion shows no more chloride

than corresponds to 0.1 mL of 0.020N hydrochloric acid

(0.014%).

Related compounds—

Mobile phase—Dissolve 11.0 g of monobasic anhydrous

sodium phosphate in 500 mL of water, and add 5 mL of

triethylamine, followed by 1.4 g of sodium lauryl sulfate.

Adjust the pH to 2.5 with diluted phosphoric acid (10% m/m),

and dilute with water to 600 mL. Mix this solution with 400

mL of methanol, filter, and degas.

System suitability solution—Prepare a solution of USP

Tranexamic Acid RS and USP Tranexamic Acid Related

Compound C RS in water having a known concentration of

0.2 mg per mL of USP Tranexamic Acid RS and 0.002 mg

per mL of USP Tranexamic Acid Related Compound C RS.

Standard solution—Prepare a solution of USP Tranexamic

Acid RS in water having a known concentration of 50 mg per

mL.

Test solution—Prepare a solution of Tranexamic Acid in

water having a known concentration of 10 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm

spectrophotometric detector and a 4.6-mm 6 25-cm

column that contains packing L1 with a 5-mm particle size.

The flow rate is about 1 mL per minute. Chromatograph the

System suitability solution, and record the peak responses as

directed for Procedure: the resolution between USP Tra-

nexamic Acid RS and USP Tranexamic Acid Related

Compound C RS is not less than 2.0. [NOTE—The run time

is 3 times the retention time of tranexamic acid.]

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the percentage of

each individual related compound by the formula:
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0.1F(CS /CT) (rU / rS)

in which CS is the concentration, in mg per mL, of USP

Tranexamic Acid RS in the Standard solution; CU is the

concentration, in mg per mL, of Tranexamic Acid in the Test

solution; rU is the peak response for each impurity obtained

from the Test solution; rS is the peak response for tranexamic

acid obtained from the Standard solution; and F is the relative

response factor given in Table 1.

Table 1

Name

Relative

Retention

Time

Relative

Response

Factor (F)

Limit

(%)

Tranexamic acid related

compound Aa

2.1 1 0.1

Tranexamic acid related

compound Bb

1.5 1.2 0.2

Tranexamic acid related

compound Cc

1.1 0.005 0.1

Tranexamic Acid 1.0 1.0 —

Tranexamic acid related

compound Dd

1.3 0.006 0.1

a trans,trans-4,4’-(Iminodimethylene)di(cyclohexanecarboxylic)-
acid.
b cis-4-(Aminomethyl)cyclohexanecarboxylic acid.
c (RS)-4-(Aminomethyl) cyclohex-1-enecarbocylic acid.
d 4-Aminomethyl benzoic acid.

In addition to not exceeding the limits for impurities in Table

1, not more than 0.2% of total impurities is found. Disregard

any impurity less than 0.025%.

Assay—Dissolve about 140 mg of Tranexamic Acid,

accurately weighed, in 20 mL of glacial acetic acid, and

titrate with 0.1M perchloric acid to an endpoint determined

potentiometrically (see Titrimetry h541i). Perform a blank

determination, and make any necessary correction. Each mL

of 0.1M perchloric acid is equivalent to 15.72 mg of

C8H15NO2.~USP33

BRIEFING

Tretinoin Gel, USP 31 page 3440. On the basis of comments
received, it is proposed to revise the Assay to replace the UV method
with a validated HPLC method. The liquid chromatographic
procedure is based on analyses performed using a Thermo Electron
Hypersil BDS C18 brand of L1 column. The typical retention time
for tretinoin is about 5 minutes. It is also proposed to replace the UV
Identification test with an HPLC test based on the retention time
agreement in the Assay, because the existing test can not distinguish
tretinoin from isotretinoin.

(MD-OOD: F. Mao) RTS—C62812

Change to read:

Identification—The absorption spectrum, obtained between wave-
lengths of 300 nm and 450 nm, of the solution employed for
measurement of absorbance in the Assay exhibits maxima and
minima at the same wavelengths as that of a similar solution of USP
Tretinoin RS, concomitantly measured.

~The retention time of the major peak in the chromatogram of

the Assay preparation corresponds to that in the chromato-

gram of the Standard preparation, as obtained in the

Assay.~USP33

Change to read:

Assay—[NOTE—Avoid exposure to strong light, and use low-actinic
glassware in the performance of the following procedure.] Transfer
to a 100-mL volumetric flask an accurately weighed quantity of Gel,
equivalent to about 375 mg of tretinoin, and dissolve in about 70 mL
of chloroform, dilute with chloroform to volume, and mix. Dissolve
an accurately weighed quantity of USP Tretinoin RS in chloroform,
and dilute quantitatively and stepwise with chloroform to obtain a
Standard solution having a known concentration of about 3.75 mg
per mL. Concomitantly determine the absorbances of both solutions
in 1-cm cells at the wavelength of maximum absorbance at about
365 nm, with a suitable spectrophotometer, using chloroform as the
blank. Calculate the quantity, in mg, of C20H28O2 in the portion of Gel
taken by the formula:

100C(AU / AS)

in which C is the concentration, in mg per mL, of USP Tretinoin RS
in the Standard solution, and AU and AS are the absorbances of the
solution from the Gel and the Standard solution, respectively.

~Mobile phase—Prepare a mixture of acetonitrile and water

(85 : 15). Add 5 mL of glacial acetic acid to each liter of the

mixture, mix well, filter, and degas. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Tretinoin RS in methanol, and sonicate if

necessary, to obtain a solution having a known concentration

of about 0.02 mg per mL.
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Assay preparation—Transfer an accurately weighed quan-

tity of Gel, equivalent to about 2 mg of tretinoin, based on the

label claim, to a 100-mL volumetric flask. Add about 70 mL

of methanol, sonicate with intermittent shaking for 30

minutes, and dilute with methanol to volume. Centrifuge a

portion of this solution at 3000 rpm for 10 minutes. Use the

clear supernatant.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 353-nm

detector, a refrigerated autosampler at about 158 and a 4.6-

mm 6 15-cm column that contains 5-mm packing L1. The

flow rate is about 1.5 mL per minute. Chromatograph the

Standard preparation, and record the peak areas as directed

for Procedure: the tailing factor is not more than 2.0; and the

relative standard deviation for replicate injections is not more

than 2.0%.

Procedure—Inject equal volumes (about 20 mL) of the

Standard preparation and the Assay preparation into the

chromatograph, record the chromatograms, and measure the

peak areas. Calculate the quantity, in percentage of the label

claim, of C20H28O2 in the portion of Gel taken by the formula:

100(CS /CU)(rU / rS)

in which CS is the concentration, in mg per mL, of tretinoin in

the Standard preparation; CU is the nominal concentration, in

mg per mL, of tretinoin in the Assay preparation based on the

label claim; and rU and rS are the peak areas obtained from the

Assay preparation and the Standard preparation, respec-

tively.~USP33

BRIEFING

Valrubicin Intravesical Solution, USP 31 page 3495. Because
USP was unable to establish USP Valrubicin Related Compound A
RS due to stability issues, it is proposed to revise the monograph to
exclude the use of this Reference Standard. The following revisions
are proposed:
1. The USP Reference standards section is updated to delete the

reference to USP Valrubicin Related Compound A RS.
2. The Resolution solution is deleted from the test for Related

compounds.
3. The Chromatographic system section of the test is revised to

delete the reference to the Resolution solution.
The MD-ANT Expert Committee encourages interested parties to

submit a suitable replacement for the Related compounds test.

(MD-ANT: A. Wise) RTS—C67278

Change to read:

USP Reference standards h11i—USP Endotoxin RS. USP
Valrubicin RS. USP Valrubicin Related Compound A RS.
~

~USP33

Change to read:

Related compounds—
Mobile phase—Prepare as directed in the Assay.
Resolution solution—Prepare a solution of USP Valrubicin RS and

USP Valrubicin Related Compound A RS in methanol to obtain a
solution having concentrations of about 0.2 mg per mL and 0.05 mg
per mL, respectively.

~

~USP33
Test solution—Use the Assay preparation, prepared as directed in

the Assay.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector, a guard
column, and a 5-mm 6 10-cm analytical column that contains 4-mm
packing L1. The flow rate is about 2.5 mL per minute.
Chromatograph the Resolution solution, and record the peak areas
as directed for Procedure: the relative retention times are about 0.9
for valrubicin related compound A and 1.0 for valrubicin; and the
resolution, R, between valrubicin related compound A and valrubicin
is not less than 2.

~

~USP33
Procedure—Inject a volume (about 10 mL) of the Test solution

into the chromatograph, record the chromatogram, and measure the
areas for the major peaks. Calculate the percentage of each impurity
in the portion of Intravesical Solution taken by the formula:

100(ri / rs)

in which ri is the peak area for each impurity; and rs is the sum of the
peak areas of all the peaks. Do not consider any peaks due to solvent
or excipients. Not more than 0.5% of any impurity with a relative
retention time of about 0.11 is found; not more than 0.8% of any
individual impurity with a relative retention time of 0.16, 0.51 or
0.71 is found; not more than 0.5% of any other individual impurity is
found; and the sum of all impurities is not more than 3.5%.
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BRIEFING

Vancomycin Hydrochloride Capsules, USP 31 page 3500. On
the basis of comments received, it is proposed to replace the paper
chromatographic test for Identification, which requires the use of
pyridine and involves detection by a microbial assay, with a method
based on Infrared spectroscopy.

(MD-ANT: A. Wise) RTS—C53868

Change to read:

Identification,

~Infrared Absorption h197Ki—~USP33
Place 1 or more Capsules in a high-speed glass blender jar
containing a volume of water sufficient to yield a solution containing
the equivalent of 1 mg of vancomycin per mL, and blend for 3 to 5
minutes. To a suitable sheet of chromatographic filter paper apply 5
mL of this solution and 5 mL of a solution of USP Vancomycin
Hydrochloride RS containing the equivalent of 1 mg of vancomycin
per mL. Develop by descending chromatography (see Chromatog-
raphy h621i) with a mixture of butyl alcohol, water, and pyridine
(6 : 4 : 3) for 7 hours. Allow the paper to dry, and place it on an
inoculated agar surface of sufficient area to accommodate the paper
and prepared for vancomycin assay as directed under Antibiotics—
Microbial Assays h81i, except to use Medium 2. Remove the paper
from the agar surface after 30 minutes, and incubate the agar
medium at 378 for 18 hours: clear zones of inhibition are produced at
corresponding positions on the two chromatograms.

~Test specimen—Disperse the contents of one Capsule in

about 20 mL of chloroform. Pass the liquid through a suitable

filter. Rinse the filter and residue with chloroform. Dry the

residue in a vacuum at 608 for 1 hour.~USP33

BRIEFING

Zolpidem Tartrate. Because there is no existing USP monograph
for this active drug substance, a new monograph is being proposed.
The liquid chromatographic procedures in the test for Related
compounds are based on analyses performed with a Waters Nova-
Pak C18 brand of column containing 4-mm particles. The typical
retention times of zolpidem related compound A and zolpidem are
about 5 and 6 minutes, respectively.

(MD-PP: R. Ravichandran) RTS—C41921

Add the following:

~Zolpidem Tartrate

(C19H21N3O)2 � C4H6O6 764.87

Imidazo[1,2-a]pyridine-3-acetamide, N,N,6-trimethyl-2-(4-

methylphenyl)-, [R-(R*,R*)]-2,3-dihydroxybutanedioate.

N,N,6-Trimethyl-2-p-tolylimidazo[1,2-a]pyridine-3-acetamide

L-(+)-tartrate [99294-93-6].

» Zolpidem Tartrate contains not less than 98.5

percent and not more than 101.0 percent of

C42H48N6O8, calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed containers,

and store at controlled room temperature.

USP Reference standards h11i—USP Zolpidem RS. USP

Zolpidem Related Compound A RS. USP Zolpidem Tartrate

RS.

Identification—

A: Infrared Absorption h197Ki—Dissolve 0.10 g in 10 mL

of 0.1M hydrochloric acid. Add 10 mL of water. Add

dropwise with stirring 1 mL of dilute ammonia. Filter and

collect the resulting precipitate. Wash the precipitate with

water, and then dry at 1008–1058 for 2 hours. Use 2 mg of the

dried residue to make the KBr pellet. The IR spectrum of the

free base thus obtained corresponds to the IR spectrum of a

similarly prepared KBr pellet with 2 mg of USP Zolpidem RS

free base.

B: The retention time of the major peak in the

chromatogram of the Test solution corresponds to that in

the chromatogram of the Standard solution, as obtained in the

test for Related compounds.
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C: Reaction of tartrates—Dissolve about 0.1 g in 1 mL of

methanol with gentle heating. To 0.1 mL of the solution, add

0.1 mL of a 100 g per L solution of potassium bromide, 0.1

mL of a 20 g per L solution of resorcinol, and 3 mL of

sulfuric acid. Heat on a water bath for 5 to 10 minutes. A dark

blue color develops. Allow to cool, then pour the solution into

water. The color changes to red.

Water, Method I h921i: not more than 3.0%.

Heavy metals, Method II h231i: not more than 0.002%.

Residue on ignition h281i: not more than 0.1%.

Related compounds—

Phosphate buffer—Dissolve 5.6 g of phosphoric acid in 1 L

of water. Adjust with triethylamine to a pH of 5.5.

Mobile phase—Prepare a mixture of Phosphate buffer,

methanol and acetonitrile (59 : 23 : 18).

System suitability solution—Dissolve suitable amounts of

USP Zolpidem Tartrate RS and USP Zolpidem Related

Compound A RS in Mobile phase to obtain a solution having

a concentration of about 0.05 mg per mL each of zolpidem

tartrate and zolpidem related compound A.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Zolpidem Tartrate RS in Mobile phase, and dilute

quantitatively, and stepwise if necessary, with Mobile phase

to obtain a solution having a known concentration of about

0.001 mg per mL of zolpidem tartrate.

Test solution—Dissolve a known amount of zolpidem

tartrate in Mobile phase to obtain a solution having a

concentration of about 0.5 mg per mL of zolpidem tartrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detector

and a 3.9-mm 6 15-cm column with 4-mm L1 packing. The

flow rate is about 1.5 mL per minute. Chromatograph about

20 mL of System suitability solution: the resolution between

zolpidem related compound A and zolpidem tartrate is not

less than 2.0. Chromatograph the Standard solution: the

relative standard deviation for replicate injections is not more

than 10%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Test solution and Standard solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of any impurity in

the portion of Zolpidem Tartrate taken by the formula:

100(rU / rS)(CS /CU)

in which rU is the peak response of any impurity obtained

from the Test solution; rS is the peak response of the zolpidem

peak obtained from the Standard solution; and CS and CU are

the concentrations of zolpidem tartrate in mg per mL in the

Standard solution and the Test solution, respectively. Not

more than 0.10% of any impurity is found; and not more than

0.2% of total impurities is found. [NOTE—Disregard any peak

with an area less than 0.25 times that of the principal peak in

the chromatogram obtained with the Standard solution (0.05

percent) and any peak with a relative retention time of 0.16

which is due to tartaric acid.]

Assay—Dissolve about 0.300 g of zolpidem tartrate, ac-

curately weighed, in a mixture of 20 mL of anhydrous acetic

acid and 20 mL of acetic anhydride. Titrate with 0.1M

perchloric acid, determining the end-point potentiometrically.

Carry out a blank titration. One mL of 0.1M perchloric acid is

equivalent to 38.24 mg of C42H48N6O8.~USP33
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BRIEFING

Zonisamide. Because there is no existing USP monograph for
this drug substance, a new monograph, based on validated methods
of analysis, is being proposed. The proposed liquid chromatographic
procedure in the test for Related compounds and the Assay is based
on analysis performed with a Luna C-18 (2), 4.6-mm 6 25-cm
brand of L1 column. The typical retention times are about 15.8
minutes for the zonisamide peak and 8.0 minutes for zonisamide
related compound A in the test for Related compounds. The typical
retention time for zonisamide is about 11.3 minutes in the test for the
Assay. Interested parties are invited to submit their comments.

(MD-PP: H. Ramanathan; R. Ravichandran) RTS—C57567

Add the following:

~Zonisamide

C8H8N2O3S 212.23

1,2-Benzisoxazole-3-methanesulfonamide [68291-97-4].

» Zonisamide contains not less than 98.0 percent

and not more than 102.0 percent of C8H8N2O3S,

calculated on the anhydrous basis.

Packaging and storage—Preserve in well-closed containers,

and store at room temperature.

USP Reference standards h11i— USP Zonisamide RS. USP

Zonisamide Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the

chromatogram obtained from the Assay preparation should

match with the major peak in the chromatogram obtained

from the Standard preparation, as obtained in the Assay.

Water, Method I h921i: not more than 0.8%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: not more than 0.001%.

Related compounds—

Mobile phase—Prepare as directed in the Assay.

Standard solution—Dissolve accurately weighed quantities

of USP Zonisamide RS and USP Zonisamide Related

Compound A RS in Mobile phase, and dilute quantitatively,

and stepwise if necessary, with Mobile phase to obtain a

solution having a known concentration of about 1 mg per mL

of zonisamide and 1.5 mg per mL of zonisamide related

compound A.

Test solution—Use the Assay stock preparation.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. Chromatograph the

Standard solution, and record the peak responses as directed

for Procedure. The resolution, R, between zonisamide related

compound A and zonisamide is not less than 10.0; the relative

standard deviation for replicate injections is not more than

10.0% for both zonisamide and the zonisamide related

compound A peaks.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard solution, and the Test solution into the

chromatograph, record the chromatograms for about twice the

retention time of the zonisamide peak, and measure the

responses for all of the peaks. Identify the peaks using the

relative retention time values given in Table 1. Calculate the

percentage of zonisamide related compound A in the portion

of Zonisamide taken by the formula:

100(213.23/235.23)(CS /CU)(ri / rS)

in which 100 is the percentage conversion factor; 213.23 is

the molecular weight of zonisamide related compound A (free

acid); 235.23 is the molecular weight of USP Zonisamide

Related Compound A RS (sodium salt); CS is the concentra-

tion, in mg per mL, of USP Zonisamide Related Compound A

RS in the Standard solution; CU is the nominal concentration,
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in mg per mL, of zonisamide in the Test solution; ri is the

peak response for zonisamide related compound A obtained

from the Test solution; and rS is the peak response for

zonisamide related compound A from the Standard solution,

respectively. Calculate the percentage of any unspecified

impurity in the portion of Zonisamide taken, by the formula:

100(CS /CU)(ri / rS)

in which 100 is the percentage conversion factor; CS is the

concentration, in mg per mL, of USP Zonisamide RS in the

Standard solution; CU is the nominal concentration, in mg per

mL, of zonisamide in the Test solution; ri is the peak response

for each impurity obtained from the Test solution; rS is the

peak response for zonisamide from the Standard solution,

respectively. The limits are given in Table 1.

Table 1

Component Name

Relative

Retention

Time

Limit

(%)

Zonisamide related compound A1 0.51 0.15

Zonisamide 1.0 —

Any single unspecified impurity — 0.10

Total impurities — 0.3

1 1,2-Benzisoxazole-3-methane sulfonic acid.

Assay—

Buffer—Prepare a buffer solution by dissolving 1.36 g of

monobasic potassium phosphate in 1000 mL water. Adjust

with 10% phosphoric acid to a pH of 3.0+0.1.

Mobile phase—Prepare a mixture of Buffer, methanol, and

acetonitrile (8 : 1 : 1). Filter, and degas prior to use. Make

adjustments if necessary. (See System Suitability under

Chromatography h621i.)

Standard preparation—Dissolve an accurately weighed

quantity of USP Zonisamide RS in Mobile phase, to obtain a

solution having a known concentration of about 0.1 mg per

mL.

Assay stock preparation—Dissolve an accurately weighed

quantity of Zonisamide in Mobile phase, to obtain a solution

having a nominal concentration of about 1.0 mg per mL.

Assay preparation—Dilute quantitatively, and stepwise if

necessary, a suitable volume of Assay stock preparation with

Mobile phase, to obtain a solution having a nominal

concentration of about 0.1 mg per mL of zonisamide.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detector

and a 4.6-mm 6 25-cm column that contains L1 packing.

The flow rate is about 1.5 mL per minute. Chromatograph the

Standard preparation, and record the peak responses as

directed for Procedure: the tailing factor and the theoretical

plates determined for the zonisamide peak are not more than

1.8 and not less than 5000, respectively; the relative standard

deviation for replicate injections is not more than 2.0% for the

zonisamide peak.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, and measure the responses for the major

peaks. Calculate the quantity, in percentage, of C8H8N2O3S in

the portion of Zonisamide taken by the formula:

100(CS /CU)(rU / rS)

in which CS and CU are the concentrations, in mg per mL, of

zonisamide in the Standard preparation and the Assay

preparation, respectively; and rU and rS are the peak responses

for zonisamide obtained from the Assay preparation and the

Standard preparation, respectively.~USP33
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DIETARY SUPPLEMENTS—
MONOGRAPHS

BRIEFING

Calcium and Vitamin D with Minerals Tablets, USP 31 page
914—See briefing under Minerals Capsules.

(DSN: C. Phinney) RTS—C66575

Change to read:

Assay for calcium,

~Method 1—~USP33
Proceed as directed in the Assay for calcium under Calcium with
Vitamin D Tablets.

Change to read:

Assay for copper,

~Method 1—~USP33
Copper standard stock solution—Dissolve 1.00 g of copper foil,

accurately weighed, in a minimum volume of a 50% (v/v) nitric acid
solution, and dilute with a 1% (v/v) nitric acid solution to 1000 mL
to obtain a solution having a known concentration of about 1000 mg
of copper per mL.
Standard preparations—Transfer 10.0 mL of Copper standard

stock solution to a 100-mL volumetric flask, and quantitatively dilute
with 0.125N hydrochloric acid to volume to obtain a standard
solution having a known concentration of about 100 mg of copper
per mL. To separate 200-mL volumetric flasks, transfer 1.0, 2.0, 4.0,
6.0, and 8.0 mL of the standard solution, dilute with water to
volume, and mix to obtain solutions having known concentrations of
about 0.5, 1.0, 2.0, 3.0, and 4.0 mg of copper per mL.
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 5 mg of copper, to a porcelain crucible. Proceed
as directed for Assay preparation in the Assay for calcium under
Calcium with Vitamin D Tablets, except to prepare the Assay
preparation to contain about 2 mg of copper per mL and to omit the
use of the Lanthanum chloride solution.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the copper
emission line at 324.7 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a copper hollow-cathode lamp and an air–acetylene
flame, using 0.125N hydrochloric acid as the blank. Plot the
absorbances of the Standard preparations versus concentration, in
mg per mL, of copper, and draw the straight line best fitting the five
plotted points. From the graph so obtained, determine the
concentration, C, in mg per mL, of copper in the Assay preparation.
Calculate the quantity, in mg, of copper (Cu) in the portion of Tablets
taken by the formula:

0.001CD

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for magnesium,

~Method 1—~USP33
Lanthanum chloride solution—Dissolve 26.7 g of lanthanum

chloride in 0.125N hydrochloric acid to make 100 mL.
Magnesium standard stock solution—Transfer 1.00 g of magne-

sium, accurately weighed, to a 1000-mL volumetric flask, dissolve in
50 mL of 6N hydrochloric acid, dilute with water to volume, and
mix to obtain a solution having a known concentration of about 1000
mg of magnesium per mL.
Standard preparations—Quantitatively dilute a volume of the

Magnesium standard stock solution with 0.125N hydrochloric acid
to obtain a standard solution having a concentration of about 20 mg
of magnesium per mL. To separate 100-mL volumetric flasks,
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of standard solution. To each
flask add 1.0 mL of Lanthanum chloride solution, dilute with
0.125N hydrochloric acid to volume, and mix to obtain solutions
having known concentrations of about 0.2, 0.3, 0.4, 0.5, and 0.6 mg
of magnesium per mL.
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 200 mg of magnesium, to a porcelain crucible.
Heat for 6 to 12 hours in a muffle furnace maintained at about 5508,
and cool. Add about 15 mL of hydrochloric acid, and boil gently on
a hot plate or a steam bath for about 30 minutes, intermittently
rinsing the inner surface of the crucible with 6N hydrochloric acid.
Cool, and quantitatively transfer the contents of the crucible to a
100-mL volumetric flask, rinsing the crucible with portions of 6N
hydrochloric acid. Dilute the contents of the flask with water to
volume, mix, and filter, discarding the first 5 mL of the filtrate.
Dilute the filtrate quantitatively, and stepwise if necessary, with
0.125N hydrochloric acid to obtain a solution having a concentra-
tion of about 0.4 mg of magnesium per mL, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the magnesium
emission line at 285.2 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a magnesium hollow-cathode lamp and an air–
acetylene flame, using 0.125N hydrochloric acid containing 0.1% of
Lanthanum chloride solution as the blank. Plot the absorbances of
the Standard preparations versus concentration, in mg per mL, of
magnesium, and draw the straight line best fitting the five plotted
points. From the graph so obtained, determine the concentration, C,
in mg per mL, of magnesium in the Assay preparation. Calculate the
quantity, in mg, of magnesium (Mg) in the portion of Tablets taken
by the formula:

0.001CD

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for manganese,

~Method 1—~USP33
Manganese standard stock solution—Transfer 1.00 g of manga-

nese, accurately weighed, to a 1000-mL volumetric flask, dissolve in
20 mL of nitric acid, dilute with 6N hydrochloric acid to volume,
and mix to obtain a solution having a known concentration of about
1000 mg of manganese per mL.
Standard preparations—Quantitatively dilute 10.0 mL of the

Manganese standard stock solution with 0.125N hydrochloric acid
to 200.0 mL to obtain a standard solution having a concentration of
about 50 mg of manganese per mL. To separate 100-mL volumetric
flasks transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the standard solution,
dilute the contents of each flask with 0.125N hydrochloric acid to
volume, and mix to obtain solutions having known concentrations of
about 0.5, 0.75, 1.0, 1.5, and 2.0 mg of manganese per mL.
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Assay preparation—Weigh and finely powder not fewer than 20
Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 9 mg of manganese, to a porcelain crucible.
Proceed as directed for Assay preparation in the Assay for calcium
under Calcium with Vitamin D Tablets, except to prepare the Assay
preparation to contain 1 mg of manganese per mL and to omit the
use of the Lanthanum chloride solution.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the manganese
emission line at 279.5 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a manganese hollow-cathode lamp and an air–
acetylene flame, using 0.125N hydrochloric acid as the blank. Plot
the absorbances of the Standard preparations versus concentration,
in mg per mL, of manganese, and draw the straight line best fitting
the five plotted points. From the graph so obtained, determine the
concentration, C, in mg per mL, of manganese in the Assay
preparation. Calculate the weight, in mg, of manganese (Mn) in the
portion of Tablets taken by the formula:

0.001CD

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for zinc,

~Method 1—~USP33
Zinc standard stock solution—Transfer about 311 mg of zinc

oxide, accurately weighed, to a 250-mL volumetric flask, add 80 mL
of 5M hydrochloric acid, warm, if necessary, to dissolve, and cool.
Dilute with water to volume, and mix to obtain a solution having a
known concentration of about 1000 mg of zinc per mL.
Standard preparations—Dilute a volume of the Zinc standard

stock solution quantitatively, and stepwise if necessary, with 0.125N
hydrochloric acid to obtain a standard solution having a known
concentration of about 50 mg of zinc per mL. To separate 100-mL
volumetric flasks transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of this
solution. Dilute the contents of each flask with 0.125N hydrochloric
acid to volume, and mix to obtain solutions having known
concentrations of about 0.5, 1.0, 1.5, 2.0, and 2.5 mg of zinc per mL.
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 40 mg of zinc, to a porcelain crucible. Proceed as
directed for Assay preparation in the Assay for calcium under
Calcium with Vitamin D Tablets, except to prepare the Assay
preparation to contain 2 mg of zinc per mL and to omit the use of the
Lanthanum chloride solution.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the zinc
emission line at 213.8 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a zinc hollow-cathode lamp and an air–acetylene
flame, using 0.125N hydrochloric acid as the blank. Plot the
absorbances of the Standard preparations versus concentration, in
mg per mL, of zinc, and draw the straight line best fitting the five
plotted points. From the graph so obtained, determine the
concentration, C, in mg per mL, of zinc in the Assay preparation.
Calculate the quantity, in mg, of zinc (Zn) in the portion of Tablets
taken by the formula:

0.001CD

in which D is the dilution factor used to prepare the Assay
preparation.

Add the following:

~Assay for calcium, copper, magnesium, manganese, and

zinc, Method 2—

Stock aqua regia solution—Prepare a mixture of hydro-

chloric acid and nitric acid (3 : 1), by adding the nitric acid to

the hydrochloric acid. [NOTE—Periodically vent the solution

in an appropriate fume hood.]

Diluted aqua regia solution—To a 2-L volumetric flask,

add 400 mL of water, then slowly add 200 mL of Stock aqua

regia solution, dilute with water to volume, and mix well.

System suitability solution—Pipet 1.0 mL each of 1000 mg

of ytrium per L and 1000 mg of scandium per L in 5% (v/v)

nitric acid solution into a 200-mL volumetric flask, dilute

with Diluted aqua regia solution to volume, and mix.

Stock standard solution—[NOTE—It is only necessary to

include the minerals of interest in the solution.] Using

commercially available element standard (single- or multi-

element) solution(s) in 5% (v/v) nitric acid solution, pipet the

appropriate amount of element standard solution into a

volumetric flask, and dilute with 5% (v/v) nitric acid solution

to obtain a solution having final concentrations of about 1000

mg of calcium per L, 100 mg of copper per L, 500 mg of

magnesium per L, 100 mg of manganese per L, and 800 mg

of zinc per L.

Standard solutions—Use the Stock standard solution to

prepare a six-point calibration curve to bracket the concen-

tration range of each mineral of interest. Use the Diluted aqua

regia solution as the diluent.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion equal to the

average Tablet weight to a 250-mL volumetric flask. Slowly

add 25 mL of Stock aqua regia solution in 5 mL increments,

followed by mixing. [NOTE—If the sample contains a

carbonate, bubbling will occur. Wait until bubbling ends to

proceed.] Bring the solution to a boil on a hot plate. Continue

to heat gently for about 1 hour until fumes cease, remove

from heat, cool, and dilute with water to volume. Filter about
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30 mL into a centrifuge tube using a 5-micron nylon syringe.

If necessary, make any further dilutions using Diluted aqua

regia solution.

Inductively coupled plasma system (see Plasma

Spectrochemistry h730i)—The inductively coupled plasma

emission spectrometer is set to measure the emission of each

mineral of interest at about the corresponding wavelength.

Analyze the System suitability solution, and obtain the

response as directed for Procedure: the relative standard

deviation for replicate analysis is not more than 2.0%.

[NOTE—The operating conditions may be developed and

optimized based on the manufacturer’s recommendation. The

wavelengths selected should be demonstrated experimentally

to provide sufficient specificity, sensitivity, linearity, accuracy,

and precision.]

Procedure—Determine the emission of each mineral of

interest in the Standard solutions and the Test Solution with

an inductively coupled plasma system using Diluted aqua

regia solution as the blank. Plot the emission of the Standard

solutions versus concentration, in mg per L, of the mineral(s)

of interest, and draw the straight line best fitting the plotted

points. From the graph so obtained, determine the concen-

tration, C, in mg per L, for each mineral of interest in the Test

solution. Calculate the percentage label claim for each

mineral taken by the formula:

C(V /W)F(TW / L)100

in which C is as defined above; V is the volume in liters of the

Test solution, W is the sample weight in mg; F is the dilution

factor of the Test solution; TW is the average Tablet weight in

mg; and L is the label claim, in mg per Tablet.~USP33

BRIEFING

Minerals Capsules, USP 31 page 982; Calcium and Vitamin D
with Minerals Tablets, USP 31 page 914; Minerals Tablets, USP
31 page 984; Oil- and Water-Soluble Vitamins with Minerals
Capsules, USP 31 page 1011; Oil- and Water-Soluble Vitamins
with Minerals Tablets, USP 31 page 1022; Water-Soluble
Vitamins with Minerals Capsules, USP 31 page 1046; Water-
Soluble Vitamins with Minerals Tablets, USP 31 page 1050. On
the basis of comments received, it is proposed to add inductively
coupled plasma (ICP) methods for the analysis of minerals. In
addition, boron, nickel, tin, vanadium, and their corresponding
specifications are being added to the monographs.

(DSN: L. Evans) RTS—C66570

Change to read:

» Minerals Capsules contain two or more minerals
derived from substances generally recognized as safe,
furnishing two or more of the following elements in
ionizable form: calcium, chromium, copper, fluorine,
iodine, iron, magnesium, manganese, molybdenum,
phosphorus, potassium, selenium, and zinc. Capsules
contain not less than 90.0 percent and not more than
125.0 percent of the labeled amounts of calcium (Ca),
copper (Cu), iron (Fe), magnesium (Mg), manganese
(Mn), phosphorus (P), potassium (K), and zinc (Zn), and
not less than 90.0 percent and not more than 160.0
percent of the labeled amounts of

~boron (B),~USP33

chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo),

~nickel (Ni),~USP33

and

~

~USP33

selenium (Se),

~tin (Sn), and vanadium (V).~USP33

They contain no vitamins. They may contain other
labeled added substances in amounts that are unobjec-
tionable.

Change to read:

Assay for calcium,

~Method 1~USP33
—Proceed as directed in the Assay for calcium under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Dilute 100 mL of polysorbate 80 with

alcohol to 1000 mL.
Assay preparation—Transfer 5 Capsules to a 100-mL volumetric

flask. [NOTE—For hard gelatin Capsules, accurately weigh not fewer
than 20 Capsules. Using a sharp blade if necessary, carefully open
the Capsules, without loss of shell material, and transfer the contents
to a suitable container. Remove any contents adhering to the empty
shells by washing with several portions of ether. Discard the
washings, and allow the Capsule shells to dry. Weigh the empty
Capsule shells, calculate the net weight of the Capsule contents, and
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transfer an accurately weighed portion of the Capsule contents,
equivalent to about 5 Capsules, to a 100-mL volumetric flask.] Add
about 15 mL of water, 10 mL of 6N hydrochloric acid, and about
1 mL of Polysorbate 80 solution to the flask, and heat on a hot plate
or steam bath, with intermittent swirling, until the Capsules are
completely disintegrated or the contents are dissolved. Boil gently
for an additional 15 minutes. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution
quantitatively, and stepwise if necessary, with 0.125N hydrochloric
acid to obtain a solution having a known concentration of about 2 mg
of calcium per mL, adding 1 mL of Lanthanum chloride solution per
100 mL of the final volume.

Change to read:

Assay for chromium,

~Method 1~USP33
—Proceed as directed in the Assay for chromium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 1 mg of chromium per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for iron,

~Method 1~USP33
—Proceed as directed in the Assay for iron under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 5 mg of iron per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for magnesium,

~Method 1~USP33
—Proceed as directed in the Assay for magnesium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 0.4 mg of magnesium per mL.

Change to read:

Assay for manganese,

~Method 1~USP33
—Proceed as directed in the Assay for manganese under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.

Assay preparation—Proceed as directed for Assay preparation in
the Assay for calcium, except to prepare the Assay preparation to
contain about 1 mg of manganese per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for phosphorus,

~Method 1~USP33
—Proceed as directed in the Assay for phosphorus under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Assay
preparation.
Assay preparation—Remove the contents of a counted number of

Capsules by cutting open, using a sharp blade if necessary, mix, and
determine the weight of the contents. Transfer an accurately weighed
quantity of the contents, equivalent to about 100 mg of phosphorus,
to a suitable flask. Proceed as directed for Assay preparation in the
Assay for phosphorus under Oil- and Water-Soluble Vitamins with
Minerals Tablets, beginning with ‘‘add 25 mL of nitric acid’’.

Change to read:

Assay for zinc,

~Method 1~USP33
—Proceed as directed in the Assay for zinc under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 2 mg of zinc per mL and to omit the use of the
Lanthanum chloride solution.

Add the following:

~Assay for boron, nickel, tin, and vanadium, Method 1;

calcium, chromium, copper, iron, magnesium, manganese,

phosphorus, and zinc, Method 2; molybdenum and

selenium, Method 3—

Stock aqua regia solution—Prepare a mixture of hydro-

chloric acid and nitric acid (3 : 1) by adding the nitric acid to

the hydrochloric acid. [NOTE—Periodically vent the solution

in an appropriate fume hood.]

Diluted aqua regia solution—To a 2-L volumetric flask,

add 400 mL of water, then slowly add 200 mL of Stock aqua

regia solution, dilute with water to volume, and mix well.

System suitability solution—Pipet 1.0 mL each of 1000 mg

of ytrium per L and 1000 mg of scandium per L in 5% (v/v)

nitric acid solution into a 200-mL volumetric flask, dilute

with Diluted aqua regia solution to volume, and mix.
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Stock standard solution 1 (Ca, Cu, Fe, Mg, Mn, P, and

Zn)—[NOTE—It is only necessary to include the minerals of

interest in the solution.] Using commercially available

element standard (single- or multi-element) solution(s) in

5% (v/v) nitric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 5% (v/v) nitric acid solution to obtain a solution having

final concentrations of about 1000 mg of calcium per L, 100

mg of copper per L, 250 mg of iron per L, 500 mg of

magnesium per L, 100 mg of manganese per L, and 800 mg

of zinc per L.

Stock standard solution 2 (B, Cr, Mo, Ni, Se, Sn, and V)—

[NOTE—It is only necessary to include the minerals of interest

in the solution.] Using commercially available element

standard (single- or multi-element) solution(s) in 20% (v/v)

hydrochloric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 20% (v/v) hydrochloric acid solution to obtain a solution

having final concentrations of about 200 mg of boron per L,

and 100 mg per L of chromium, molybdenum, nickel,

selenium, tin, and vanadium each.

Standard solutions—Use Stock standard solution 1 and/or

Stock standard solution 2 to prepare a six-point calibration

curve to bracket the concentration range of each mineral of

interest. Use the Diluted aqua regia solution as the diluent.

Test solution—Transfer 5 Capsules to a 250-mL volumetric

flask, and heat gently on a hot plate until the contents begin to

release. Cautiously add 25 mL of Stock aqua regia solution in

5-mL increments, and swirl. Heat, continue to swirl until the

Capsules dissolve into the acid, immediately remove from the

heat source, and add 150 mL of water. Cool, and dilute with

water to volume. Filter about 30 mL into a centrifuge tube

using a 5-micron nylon syringe. If necessary, make any

further dilutions using Diluted aqua regia solution.

Inductively coupled plasma system h730i—The inductively

coupled plasma emission spectrometer is set to measure the

emission of each mineral of interest at about the correspond-

ing wavelength. Analyze the System suitability solution, and

obtain the response as directed for Procedure: the relative

standard deviation for replicate analysis is not more than

2.0%. [NOTE—The operating conditions may be developed

and optimized based on the manufacturer’s recommendation.

The wavelengths selected should be demonstrated experi-

mentally to provide sufficient specificity, sensitivity, linearity,

accuracy, and precision.]

Procedure—Determine the emission of each mineral of

interest in the Standard solutions and Test solution with an

Inductively coupled plasma system using Diluted aqua regia

solution as the blank. Plot the emission of the Standard

solutions versus concentration, in mg per L, of the mineral(s)

of interest, and draw the straight line best fitting the plotted

points. From the graph so obtained, determine the concen-

tration, C, in mg per L, for each mineral of interest in the Test

solution. Calculate the percentage of the label claim for each

mineral by the formula:

C(V /W)F(CW / L)100

in which C is as defined above; V is the volume, in L, of the

Test solution; W is the sample weight, in mg; F is the dilution

factor of the Test solution; CW is the average Capsule weight,

in mg; and L is the label claim, in mg, per Capsule.~USP33

BRIEFING

Minerals Tablets, USP 31 page 984—See briefing under
Minerals Capsules.

(DSN: C. Phinney) RTS—C66571

Change to read:

» Minerals Tablets contain two or more minerals
derived from substances generally recognized as safe,
furnishing two or more of the following elements in
ionizable form: calcium, chromium, copper, fluorine,
iodine, iron, magnesium, manganese, molybdenum,
phosphorus, potassium, selenium, and zinc. Tablets
contain not less than 90.0 percent and not more than
125.0 percent of the labeled amounts of calcium (Ca),
copper (Cu), iron (Fe), magnesium (Mg), manganese
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(Mn), phosphorus (P), potassium (K), and zinc (Zn), and
not less than 90.0 percent and not more than 160.0
percent of the labeled amounts of

~boron (B),~USP33

chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), and

~nickel (Ni),~USP33

selenium (Se)

~tin (Sn) and vanadium (V).~USP33

They contain no vitamins. They may contain other
labeled added substances in amounts that are unobjec-
tionable.

Change to read:

Assay for calcium,

~Method I~USP33
—Proceed as directed in the Assay for calcium under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to use 15 mL, in
place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for chromium,

~Method 1~USP33
—Proceed as directed in the Assay for chromium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to use 15 mL,
in place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for copper,

~Method 1~USP33
—Proceed as directed in the Assay for copper under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to use 15 mL, in
place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for iron,

~Method 1~USP33
—Proceed as directed in the Assay for iron under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to use 15 mL, in
place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for magnesium,

~Method 1~USP33
—Proceed as directed in the Assay for magnesium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to use 15 mL,
in place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for manganese,

~Method 1~USP33
—Proceed as directed in the Assay for manganese under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to use 15 mL,
in place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for phosphorus,

~Method 1~USP33
—Proceed as directed in the Assay for phosphorus under Oil- and
Water-Soluble Vitamins with Minerals Tablets.

Change to read:

Assay for zinc,

~Method 1~USP33
—Proceed as directed in the Assay for zinc under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to use 15 mL, in
place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Add the following:

~Assay for boron, nickel, tin, vanadium, Method 1;

calcium, chromium, copper, iron, magnesium,

manganese, phosphorus, and zinc, Method 2;

molybdenum and selenium, Method 3—

Stock aqua regia solution—Prepare a mixture of hydro-

chloric acid and nitric acid (3 : 1) by adding the nitric acid to

the hydrochloric acid. [NOTE—Periodically vent the solution

in an appropriate fume hood.]

Diluted aqua regia solution—To a 2-L volumetric flask,

add 400 mL of water, then slowly add 200 mL of Stock aqua

regia solution, dilute with water to volume, and mix well.

System suitability solution—Pipet 1.0 mL each of 1000 mg

of ytrium per L and 1000 mg of scandium per L in 5% (v/v)

nitric acid solution into a 200-mL volumetric flask, and dilute

with Diluted aqua regia solution to volume, and mix.

Stock standard solution 1 (Ca, Cu, Fe, Mg, Mn, P and

Zn)—[NOTE—It is only necessary to include the minerals of

interest in the solution.] Using commercially available

element standard (single- or multi-element) solution(s) in

5% (v/v) nitric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute
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with 5% (v/v) nitric acid solution to obtain a solution having

final concentrations of about 1000 mg of calcium per L, 100

mg of copper per L, 250 mg of iron per L, 500 mg of

magnesium per L, 100 mg of manganese per L, and 800 mg

of zinc per L.

Stock standard solution 2 (B, Cr, Mo, Ni, Se, Sn and V)—

[NOTE—It is only necessary to include the minerals of interest

in the solution.] Using commercially available element

standard (single- or multi-element) solution(s) in 20% (v/v)

hydrochloric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 20% (v/v) hydrochloric acid solution to obtain a solution

having final concentrations of about 200 mg of boron per L,

and 100 mg per L of chromium, molybdenum, nickel,

selenium, tin and vanadium each.

Standard solutions—Use Stock standard solution 1 and/or

Stock standard solution 2 to prepare a six-point calibration

curve to bracket the concentration range of each mineral of

interest. Use the Diluted aqua regia solution as the diluent.

Test solution 1 (for Tablets containing minerals found in

Stock standard solution 1 and Stock standard solution 2)—

Weigh and finely powder not fewer than 20 Tablets. Transfer

an accurately weighed portion equal to 3.5 times the average

Tablet weight to a 250-mL volumetric flask. Slowly add 25

mL of Stock aqua regia solution in 5-mL increments followed

by mixing. [NOTE—If the sample contains a carbonate,

bubbling will occur. Wait until bubbling ends to proceed.]

Bring the solution to a boil on a hot plate. Continue to heat

gently until fumes cease (about 1 hour). [NOTE—If the sample

contains selenium, digest for not more than 15 minutes.]

Remove from heat, cool, and dilute with water to volume.

Filter about 30 mL into a centrifuge tube using a 5-mm nylon

syringe. If necessary, make any further dilutions using

Diluted aqua regia solution.

Test solution 2 (for Tablets containing minerals found only

in Stock standard solution 2)—Weigh and finely powder not

fewer than 20 Tablets. Transfer an accurately weighed portion

equal to 3 times the average Tablet weight to a 250-mL

volumetric flask. Slowly add 25 mL of Stock aqua regia

solution in 5-mL increments followed by mixing. [NOTE—If

the sample contains a carbonate, bubbling will occur. Wait

until bubbling ends to proceed.] Bring the solution to a boil

on a hot plate. Continue to heat gently until fumes cease

(about 1 hour). [NOTE—If the sample contains selenium,

digest for not more than 15 minutes.] Remove from heat,

cool, and dilute with water to volume. Filter about 30 mL into

a centrifuge tube using a 5-mm nylon syringe. If necessary,

make any further dilutions using Diluted aqua regia solution.

Test solution 3 (for Tablets containing minerals found only

in Stock standard solution 1)—Weigh and finely powder not

fewer than 20 Tablets. Transfer an accurately weighed portion

equal to the average Tablet weight to a 250-mL volumetric

flask. Slowly add 25 mL of Stock aqua regia solution in 5-mL

increments followed by mixing. [NOTE—If the sample

contains a carbonate, bubbling will occur. Wait until bubbling

ends to proceed.] Bring the solution to a boil on a hot plate.

Continue to heat gently (about 1 hour) until fumes cease.

Remove from heat, cool, and dilute with water to volume.

Filter about 30 mL into a centrifuge tube using a 5-mm nylon

syringe. If necessary, make any further dilutions using

Diluted aqua regia solution.

Inductively coupled plasma system—The inductively cou-

pled plasma emission spectrometer is set to measure the

emission of each mineral of interest at about the correspond-

ing wavelength. Analyze the System suitability solution, and

obtain the response as directed for Procedure: the relative

standard deviation for replicate analysis is not more than

2.0%. [NOTE—The operating conditions may be developed

and optimized based on the manufacturer’s recommendation.

The wavelengths selected should be demonstrated experi-

mentally to provide sufficient specificity, sensitivity, linearity,

accuracy, and precision.]

Procedure—Determine the emission of each mineral of

interest in the Standard solutions and the Test Solution with

an inductively coupled plasma system using Diluted aqua

regia solution as the blank. Plot the emission of the Standard

In-P
rocess

R
evision

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 34(6) [Nov.–Dec. 2008] IN-PROCESS REVISION 1497



solutions versus concentration, in mg per L, of the mineral(s)

of interest, and draw the straight line best fitting the plotted

points. From the graph so obtained, determine the concen-

tration, C, in mg per L, for each mineral of interest in the Test

solution. Calculate the percentage label claim for each

mineral taken by the formula:

C (V /W) /F(TW / L)100

in which C is as defined above; V is the volume in liters of the

Test solution; W is the sample weight in mg; F is the dilution

factor of the Test solution; TW is the average Tablet weight in

mg; and L is the label claim, in mg per tablet.~USP33

BRIEFING

Oil- and Water-Soluble Vitamins with Minerals Capsules, USP
31 page 1011—See briefing under Minerals Capsules.

(DSN: L. Evans) RTS—C66574

Change to read:

» Oil- and Water-Soluble Vitamins with Minerals
Capsules contain one or more of the following oil-
soluble vitamins: Vitamin A, Vitamin D as Ergocalcif-
erol (Vitamin D2) or Cholecalciferol (Vitamin D3),
Vitamin E, Phytonadione (Vitamin K1), and Beta
Carotene; one or more of the following water-soluble
vitamins: Ascorbic Acid or its equivalent as Calcium
Ascorbate or Sodium Ascorbate, Biotin, Cyanocobala-
min, Folic Acid, Niacin or Niacinamide, Dexpanthenol
or Panthenol, Pantothenic Acid (as Calcium Pantothen-
ate or Racemic Calcium Pantothenate), Pyridoxine
Hydrochloride, Riboflavin, and Thiamine Hydrochlo-
ride or Thiamine Mononitrate; and one mineral or more,
furnishing one or more of the following elements in
ionizable form: calcium, chromium, copper, fluorine,
iodine, iron, magnesium, manganese, molybdenum,
phosphorus, potassium, selenium, and zinc, derived
from substances generally recognized as safe. Capsules
contain not less than 90.0 percent and not more than
165.0 percent of the labeled amounts of vitamin A
(C20H30O) as retinol or esters of retinol in the form of
retinyl acetate (C22H32O2) or retinyl palmitate
(C36H60O2), vitamin D as cholecalciferol (C27H44O) or
ergocalciferol (C28H44O), vitamin E as alpha tocopherol
(C29H50O2) or alpha tocopheryl acetate (C31H52O3) or
alpha tocopheryl acid succinate (C33H54O5), phytonadi-
one (C31H46O2), and beta carotene (C40H56); and not less
than 90.0 percent and not more than 150.0 percent of the

labeled amounts of ascorbic acid (C6H8O6) or its salts as
calcium ascorbate (C12H14CaO12 � 2H2O) or sodium
ascorbate (C6H7NaO6), biotin (C10H16N2O3S), cyanoco-
balamin (C63H88CoN14O14P), folic acid (C19H19N7O6),
niacin (C6H5NO2) or niacinamide (C6H6N2O), dexpan-
thenol (C9H19NO4) or panthenol (C9H19NO4), calcium
pantothenate (C18H32CaN2O10), pyridoxine hydrochlor-
ide (C8H11NO3 �HCl), riboflavin (C17H20N4O6), and
thiamine (C12H17ClN4OS) as thiamine hydrochloride or
thiamine mononitrate; and not less than 90.0 percent and
not more than 125.0 percent of the labeled amount of
calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and
zinc (Zn); and not less than 90.0 percent and not more
than 160.0 percent of the labeled amounts of

~boron (B),~USP33

chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), and

~nickel (Ni),~USP33

selenium (Se),

~tin (Sn), and vanadium (V).~USP33

They may contain other labeled added substances that
are generally recognized as safe, in amounts that are
unobjectionable.

Change to read:

Assay for calcium,

~Method 1~USP33
—Proceed as directed in the Assay for calcium under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Dilute 100 mL of polysorbate 80 with

alcohol to 1000 mL.
Assay preparation—Transfer 5 Capsules to a 100-mL volumetric

flask. [NOTE—For hard gelatin Capsules, accurately weigh not fewer
than 20 Capsules. Using a sharp blade if necessary, carefully open
the Capsules, without loss of shell material, and transfer the contents
to a suitable container. Remove any contents adhering to the empty
shells by washing with several portions of ether. Discard the
washings, and allow the Capsule shells to dry. Weigh the empty
Capsule shells, calculate the net weight of the Capsule contents, and
transfer an accurately weighed portion of the Capsule contents,
equivalent to about 5 Capsules, to a 100-mL volumetric flask.] Add
about 15 mL of water, 10 mL of 6N hydrochloric acid, and about
1 mL of Polysorbate 80 solution to the flask, and heat on a hot plate
or steam bath, with intermittent swirling, until the Capsules are
completely disintegrated or the contents are dissolved. Boil gently
for an additional 15 minutes. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution
quantitatively, and stepwise if necessary, with 0.125N hydrochloric
acid to obtain a solution having a known concentration of about 2 mg
of calcium per mL, adding 1 mL of Lanthanum chloride solution per
100 mL of the final volume.

Change to read:

Assay for chromium,

~Method 1~USP33
—Proceed as directed in the Assay for chromium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
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Polysorbate 80 solution—Prepare as directed in the Assay for
calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 1 mg of chromium per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for copper,

~Method 1~USP33
—Proceed as directed in the Assay for copper under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 2mg of copper per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for magnesium,

~Method 1~USP33
—Proceed as directed in the Assay for magnesium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 0.4 mg of magnesium per mL.

Change to read:

Assay for manganese,

~Method 1~USP33
—Proceed as directed in the Assay for manganese under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 1 mg of manganese per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for phosphorus,

~Method 1~USP33
—Proceed as directed in the Assay for phosphorus under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Assay
preparation.
Assay preparation—Remove the contents of a counted number of

Capsules by cutting open the Capsules, using a sharp blade if
necessary. Mix, and determine the weight of the contents. Transfer
an accurately weighed quantity of the Capsule contents, equivalent
to about 100 mg of phosphorus, to a suitable flask. Proceed as
directed for Assay preparation in the Assay for phosphorus under
Oil- and Water-Soluble Vitamins with Minerals Tablets, beginning
with ‘‘add 25 mL of nitric acid’’.

Change to read:

Assay for zinc,

~Method 1~USP33
—Proceed as directed in the Assay for zinc under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 2mg of zinc per mL and to omit the use of the
Lanthanum chloride solution.

Add the following:

~Assay for boron, nickel, tin, and vanadium, Method 1;

calcium, chromium, copper, iron, magnesium, manganese,

phosphorus, and zinc, Method 2; molybdenum and

selenium, Method 3—

Stock aqua regia solution—Prepare a mixture of hydro-

chloric acid and nitric acid (3 : 1) by adding the nitric acid to

the hydrochloric acid. [NOTE—Periodically vent the solution

in an appropriate fume hood.]

Diluted aqua regia solution—To a 2-L volumetric flask,

add 400 mL of water, then slowly add 200 mL of Stock aqua

regia solution, dilute with water to volume, and mix well.

System suitability solution—Pipet 1.0 mL each of 1000 mg

of ytrium per L and 1000 mg of scandium per L in 5% (v/v)

nitric acid solution into a 200-mL volumetric flask, dilute

with Diluted aqua regia solution to volume, and mix.

Stock standard solution 1 (Ca, Cu, Fe, Mg, Mn, P, and

Zn)—[NOTE—It is only necessary to include the minerals of

interest in the solution.] Using commercially available

element standard (single- or multi-element) solution(s) in

5% (v/v) nitric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 5% (v/v) nitric acid solution to obtain a solution having

final concentrations of about 1000 mg of calcium per L, 100

mg of copper per L, 250 mg of iron per L, 500 mg of

magnesium per L, 100 mg of manganese per L, and 800 mg

of zinc per L.

Stock standard solution 2 (B, Cr, Mo, Ni, Se, Sn, and V)—
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[NOTE—It is only necessary to include the minerals of interest

in the solution.] Using commercially available element

standard (single- or multi-element) solution(s) in 20% (v/v)

hydrochloric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 20% (v/v) hydrochloric acid solution to obtain a solution

having final concentrations of about 200 mg of boron per L,

and 100 mg per L of chromium, molybdenum, nickel,

selenium, tin, and vanadium each.

Standard solutions—Use Stock standard solution 1 and/or

Stock standard solution 2 to prepare a six-point calibration

curve to bracket the concentration range of each mineral of

interest. Use the Diluted aqua regia solution as the diluent.

Test solution—Transfer 5 Capsules to a 250-mL volumetric

flask, and heat gently on a hot plate until the contents begin to

release. Cautiously add 25 mL of Stock aqua regia solution in

5-mL increments, and swirl. Heat, continue to swirl until the

Capsules dissolve into the acid, immediately remove from the

heat source, and add 150 mL of water. Cool, and dilute with

water to volume. Filter about 30 mL into a centrifuge tube

using a 5-micron nylon syringe. If necessary, make any

further dilutions using Diluted aqua regia solution.

Inductively coupled plasma system h730i—The inductively

coupled plasma emission spectrometer is set to measure the

emission of each mineral of interest at about the correspond-

ing wavelength. Analyze the System suitability solution, and

obtain the response as directed for Procedure: the relative

standard deviation for replicate analysis is not more than

2.0%. [NOTE—The operating conditions may be developed

and optimized based on the manufacturer’s recommendation.

The wavelengths selected should be demonstrated experi-

mentally to provide sufficient specificity, sensitivity, linearity,

accuracy, and precision.]

Procedure—Determine the emission of each mineral of

interest in the Standard solutions and Test Solution with an

inductively coupled plasma system using Diluted aqua regia

solution as the blank. Plot the emission of the Standard

solutions versus concentration, in mg per L, of the mineral(s)

of interest, and draw the straight line best fitting the plotted

points. From the graph so obtained, determine the concen-

tration, C, in mg per L, for each mineral of interest in the Test

solution. Calculate the percentage of the label claim for each

mineral by the formula:

C(V /W)F(CW / L)100

in which C is as defined above; V is the volume, in L, of the

Test solution; W is the sample weight, in mg; F is the dilution

factor of the Test solution; CW is the average Capsule weight,

in mg; and L is the label claim.~USP33

BRIEFING

Oil- and Water-Soluble Vitamins with Minerals Tablets, USP
31 page 1022—See briefing under Minerals Capsules.

(DSN: C. Phinney) RTS—C66575

Change to read:

» Oil- and Water-Soluble Vitamins with Minerals
Tablets contain one or more of the following oil-soluble
vitamins: Vitamin A, Vitamin D as Ergocalciferol
(Vitamin D2) or Cholecalciferol (Vitamin D3), Vitamin
E, Phytonadione (Vitamin K1), and Beta Carotene; one
or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbate
or Sodium Ascorbate, Biotin, Cyanocobalamin, Folic
Acid, Niacin or Niacinamide, Pantothenic Acid (as
Calcium Pantothenate or Racemic Calcium Pantothen-
ate), Pyridoxine Hydrochloride, Riboflavin, and Thia-
mine Hydrochloride or Thiamine Mononitrate; and one
or more minerals derived from substances generally
recognized as safe, furnishing one or more of the
following elements in ionizable form: calcium, chromi-
um, copper, fluorine, iodine, iron, magnesium, manga-
nese, molybdenum, phosphorus, potassium, selenium,
and zinc. Tablets contain not less than 90.0 percent and
not more than 165.0 percent of the labeled amounts of
vitamin A (C20H30O) as retinol or esters of retinol in the
form of retinyl acetate (C22H32O2) or retinyl palmitate
(C36H60O2), vitamin D as cholecalciferol (C27H44O) or
ergocalciferol (C28H44O), vitamin E as alpha tocopherol
(C29H50O2) or alpha tocopheryl acetate (C31H52O3) or
alpha tocopheryl acid succinate (C33H54O5), phytonadi-
one (C31H46O2), and beta carotene (C40H56); not less than
90.0 percent and not more than 150.0 percent of the
labeled amounts of ascorbic acid (C6H8O6) or its salts as
calcium ascorbate (C12H14CaO12 � 2H2O) or sodium
ascorbate (C6H7NaO6), biotin (C10H16N2O3S), cyanoco-
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balamin (C63H88CoN14O14P), folic acid (C19H19N7O6),
niacin (C6H5NO2) or niacinamide (C6H6N2O), calcium
pantothenate (C18H32CaN2O10), pyridoxine hydrochlo-
ride (C8H11NO3 �HCl), riboflavin (C17H20N4O6), and
thiamine (C12H17ClN4OS) as thiamine hydrochloride or
thiamine mononitrate; not less than 90.0 percent and not
more than 125.0 percent of the labeled amounts of
calcium (Ca), copper (Cu), iron (Fe), manganese (Mn),
magnesium (Mg), phosphorus (P), potassium (K), and
zinc (Zn); and not less than 90.0 percent and not more
than 160.0 percent of the labeled amounts of

~boron (B),~USP33

chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), and

~nickel (Ni),~USP33

selenium (Se),

~tin (Sn), and vanadium (V).~USP33

They may contain other labeled added substances that
are generally recognized as safe, in amounts that are
unobjectionable.

Change to read:

Assay for calcium,

~Method 1—~USP33
Lanthanum chloride solution—Dissolve 26.7 g of lanthanum

chloride heptahydrate in 0.125N hydrochloric acid to make 100.0
mL.
Calcium standard stock solution—Weigh accurately about 1.001 g

of calcium carbonate, previously dried at 3008 for 3 hours and
cooled in a desiccator for 2 hours, and dissolve in 25 mL of 1N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with
water to 1000 mL to obtain a solution having a known concentration
of about 400 mg of calcium per mL.
Standard preparations—Quantitatively dilute a volume of Calci-

um standard stock solution with 0.125N hydrochloric acid to obtain
a standard solution having a known concentration of about 100 mg of
calcium per mL. Into separate 100-mL volumetric flasks, pipet 1.0,
1.5, 2.0, 2.5, and 3.0 mL of the standard solution. To each flask add
1.0 mL of Lanthanum chloride solution, dilute with water to volume,
and mix to obtain solutions having known concentrations of about
1.0, 1.5, 2.0, 2.5, and 3.0 mg of calcium per mL.
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 5 Tablets, to a porcelain crucible. Heat the
crucible in a muffle furnace maintained at about 5508 for 6 to 12
hours, and cool. Add about 60 mL of hydrochloric acid, and boil
gently on a hot plate or steam bath for 30 minutes, intermittently
rinsing the inner surface of the crucible with 6N hydrochloric acid.
Cool, and quantitatively transfer the contents of the crucible to a
100-mL volumetric flask. Rinse the crucible with small portions of
6N hydrochloric acid, and add the rinsings to the flask. Dilute with
water to volume, mix, and filter, discarding the first 5 mL of the
filtrate. Dilute this solution quantitatively, and stepwise if necessary,
with 0.125N hydrochloric acid to obtain a solution having a
concentration of about 2 mg of calcium per mL, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the calcium
emission line at 422.7 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a calcium hollow-cathode lamp and a nitrous
oxide–acetylene flame, using 0.125N hydrochloric acid containing
0.1% Lanthanum chloride solution as the blank. Plot the
absorbances of the Standard preparations versus concentration, in
mg per mL, of calcium, and draw the straight line best fitting the five
plotted points. From the graph so obtained, determine the

concentration, C, in mg per mL, of calcium in the Assay preparation.
Calculate the weight, in mg, of calcium (Ca) in the portion of Tablets
taken by the formula:

0.001CD,

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for chromium,

~Method 1—~USP33
Chromium standard stock solution—Transfer about 2.829 g of

potassium dichromate, previously dried at 1208 for 4 hours and
accurately weighed, to a 1000-mL volumetric flask, dissolve in and
dilute with water to volume, and mix to obtain a solution having a
known concentration of about 1000 mg of chromium per mL. Store
in a polyethylene bottle.
Standard preparations—Transfer 10.0 mL of the Chromium

standard stock solution to a 1000-mL volumetric flask, add 50.0
mL of 6N hydrochloric acid, dilute with water to volume, and mix to
obtain a standard solution having a known concentration of about 10
mg of chromium per mL. Transfer 10.0 mL and 20.0 mL of the
standard solution to separate 100-mL volumetric flasks, and transfer
15.0 mL and 20.0 mL of the standard solution to separate 50-mL
volumetric flasks. Dilute the contents of each of the four flasks with
0.125N hydrochloric acid to volume, and mix to obtain solutions
having known concentrations of about 1.0, 2.0, 3.0, and 4.0 mg of
chromium per mL.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 1 mg of chromium per mL and to omit the use of the
Lanthanum chloride solution.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the chromium
emission line at 357.9 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a chromium hollow-cathode lamp and an air–
acetylene flame, using 0.125N hydrochloric acid as the blank. Plot
the absorbances of the Standard preparations versus concentration,
in mg per mL, of chromium, and draw the straight line best fitting the
four plotted points. From the graph so obtained, determine the
concentration, C, in mg per mL, of chromium in the Assay
preparation. Calculate the quantity, in mg, of chromium (Cr) in the
portion of Tablets taken by the formula:

CD

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for copper,

~Method 1—~USP33
Copper standard stock solution—Dissolve about 1.00 g of copper

foil in a minimum volume of a 50% (v/v) solution of nitric acid, and
dilute with a 1% (v/v) solution of nitric acid to 1000 mL. This
solution contains 1000 mg of copper per mL.
Standard preparations—Transfer 10.0 mL of Copper standard

stock solution to a 100-mL volumetric flask, and dilute quantitatively
with 0.125N hydrochloric acid to volume to obtain a standard
solution having a concentration of 100 mg of copper per mL. To
separate 200-mL volumetric flasks, transfer 1.0, 2.0, 4.0, 6.0, and 8.0
mL of the standard solution, dilute with water to volume, and mix to
obtain solutions having known concentrations of about 0.5, 1.0, 2.0,
3.0, and 4.0 mg of copper per mL.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 2 mg of copper per mL and to omit the use of
Lanthanum chloride solution.
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Procedure—Concomitantly determine the absorbances of the
Standard preparations and the Assay preparation at the copper
emission line at 324.7 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a copper hollow-cathode lamp and an air–acetylene
flame, using 0.125N hydrochloric acid as the blank. Plot the
absorbances of the Standard preparations versus concentration, in
mg per mL, of copper, and draw the straight line best fitting the five
plotted points. From the graph so obtained, determine the
concentration, C, in mg per mL, of copper in the Assay preparation.
Calculate the quantity, in mg, of copper (Cu) in the portion of Tablets
taken by the formula:

0.001CD

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for iron,

~Method 1—~USP33
Iron standard stock solution—Transfer about 100 mg of iron

powder, accurately weighed, to a 1000-mL volumetric flask, dissolve
in 25 mL of 6N hydrochloric acid, dilute with water to volume, and
mix.
Standard preparations—To separate 100-mL volumetric flasks,

transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of Iron standard stock
solution. Dilute the contents of each flask with water to volume, and
mix to obtain solutions having known concentrations of about 2.0,
4.0, 5.0, 6.0, and 8.0 mg of iron per mL.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain 5 mg of iron per mL and to omit the use of the Lanthanum
chloride solution.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the iron
emission line at 248.3 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with an iron hollow-cathode lamp and an air–acetylene
flame, using 0.125N hydrochloric acid as the blank. Plot the
absorbances of the Standard preparations versus concentration, in
mg per mL, of iron, and draw the straight line best fitting the five
plotted points. From the graph so obtained, determine the
concentration, C, in mg per mL, of iron in the Assay preparation.
Calculate the quantity, in mg, of iron (Fe) in the portion of Tablets
taken by the formula:

0.001CD

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for magnesium,

~Method 1—~USP33
Lanthanum chloride solution—Prepare as directed in the Assay for

calcium.
Magnesium standard stock solution—Transfer about 1.0 g of

magnesium ribbon, accurately weighed, to a 1000-mL volumetric
flask, dissolve in 50 mL of 6N hydrochloric acid, dilute with water
to volume, and mix to obtain a solution having a known
concentration of about 1000 mg of magnesium per mL.
Standard preparations—Quantitatively dilute a volume of Mag-

nesium standard stock solution with 0.125N hydrochloric acid to
obtain a standard solution having a concentration of 20 mg of
magnesium per mL. To separate 100-mL volumetric flasks, transfer
1.0, 1.5, 2.0, 2.5, and 3.0 mL of standard solution. To each flask add
1.0 mL of Lanthanum chloride solution, dilute with 0.125N
hydrochloric acid to volume, and mix to obtain solutions having
known concentrations of about 0.2, 0.3, 0.4, 0.5, and 0.6 mg of
magnesium per mL.

Assay preparation—Proceed as directed for Assay preparation in
the Assay for calcium, except to prepare the Assay preparation to
contain 0.4 mg of magnesium per mL.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the magnesium
emission line at 285.2 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a magnesium hollow-cathode lamp and an air–
acetylene flame, using 0.125N hydrochloric acid containing 0.1%
Lanthanum chloride solution as the blank. Plot the absorbances of
the Standard preparations versus concentration, in mg per mL, of
magnesium, and draw the straight line best fitting the five plotted
points. From the graph so obtained, determine the concentration, C,
in mg per mL, of magnesium in the Assay preparation. Calculate the
quantity, in mg, of magnesium (Mg) in the portion of Tablets taken
by the formula:

0.001CD,

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for manganese,

~Method 1—~USP33
Manganese standard stock solution—Transfer 1.00 g of manga-

nese, accurately weighed, to a 1000-mL volumetric flask, dissolve in
20 mL of nitric acid, dilute with 6N hydrochloric acid to volume,
and mix to obtain a solution containing 1000 mg of manganese per
mL.
Standard preparations—Quantitatively dilute 10.0 mL of the

Manganese standard stock solution with 0.125N hydrochloric acid
to 200.0 mL to obtain a standard solution having a concentration of
50 mg of manganese per mL. To separate 100-mL volumetric flasks,
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of standard solution, dilute the
contents of each flask with 0.125N hydrochloric acid to volume, and
mix to obtain solutions having known concentrations of about 0.5,
0.75, 1.0, 1.5, and 2.0 mg of manganese per mL.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain 1 mg of manganese per mL and to omit the use of the
Lanthanum chloride solution.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the manganese
emission line at 279.5 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a manganese hollow-cathode lamp and an air–
acetylene flame, using 0.125N hydrochloric acid as the blank. Plot
the absorbances of the Standard preparations versus concentration,
in mg per mL, of manganese, and draw the straight line best fitting
the five plotted points. From the graph so obtained, determine the
concentration, C, in mg per mL, of manganese in the Assay
preparation. Calculate the quantity, in mg, of manganese (Mn) in the
portion of Tablets taken by the formula:

0.001CD

in which D is the dilution factor used to prepare the Assay
preparation.

Change to read:

Assay for phosphorus,

~Method 1—~USP33
Sulfuric acid solution—Cautiously add 37.5 mL of sulfuric acid to

100 mL of water, and mix.
Ammonium molybdate solution—Dissolve 12.5 g of ammonium

molybdate in 150 mL of water. Add 100 mL of Sulfuric acid
solution, and mix.
Hydroquinone solution—Dissolve 0.5 g of hydroquinone in 100

mL of water, and add one drop of sulfuric acid.
Sodium bisulfite solution—Dissolve 20 g of sodium bisulfite in

100 mL of water.
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Phosphorus standard stock solution—Accurately weigh about
4.395 g of monobasic potassium phosphate, previously dried at 1058
for 2 hours and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a
preservative, dilute with water to volume, and mix to obtain a
solution containing 1000 mg of phosphorus per mL.
Standard preparation—Dissolve an accurately measured volume

of Phosphorus standard stock solution in water, and dilute
quantitatively, and stepwise if necessary, with water to obtain a
solution having a known concentration of about 20 mg of phosphorus
per mL.
Assay preparation—Weigh a counted number of Tablets, and

grind the Tablets to a fine powder. Transfer an accurately weighed
portion of the powder, equivalent to about 100 mg of phosphorus, to
a suitable flask, add 25 mL nitric acid, and digest on a hot plate for
about 30 minutes. Add 15 mL of hydrochloric acid, and continue the
digestion to the cessation of brown fumes. Cool, and quantitatively
transfer the contents of the flask to a 500-mL volumetric flask with
the aid of small portions of water. Dilute with water to volume, and
mix. Transfer 10.0 mL of this solution to a 100-mL volumetric flask,
dilute with water to volume, and mix.
Procedure—To three separate 25-mL volumetric flasks, transfer

5.0 mL each of the Standard preparation, the Assay preparation, and
water to provide the blank. To each of the three flasks, add 1.0 mL
each of Ammonium molybdate solution, Hydroquinone solution, and
Sodium bisulfite solution, and swirl to mix. Dilute the contents of
each flask with water to volume, mix, and allow the flasks to stand
for 30 minutes. Concomitantly determine the absorbances of the
solutions from the Assay preparation and the Standard preparation
in 1-cm cells at the wavelength of maximum absorbance at about
650 nm, against the blank. Calculate the quantity, in mg, of
phosphorus (P) in the portion of Tablets taken by the formula:

5C(AU / AS)

in which C is the concentration, in mg per mL, of phosphorus in the
Standard preparation; and AU and AS are the absorbances of the
solutions obtained from the Assay preparation and the Standard
preparation, respectively.

Change to read:

Assay for zinc,

~Method 1—~USP33
Zinc standard stock solution—Transfer about 311 mg of zinc

oxide, accurately weighed, to a 250-mL volumetric flask, and add 80
mL of 5M hydrochloric acid, warming if necessary to dissolve.
Cool, dilute with water to volume, and mix to obtain a solution
having a known concentration of about 1000 mg of zinc per mL.
Standard preparations—Dilute a volume of the Zinc standard

stock solution quantitatively, and stepwise if necessary, with 0.125N
hydrochloric acid to obtain a standard solution having a known
concentration of about 50 mg of zinc per mL. Transfer 1.0, 2.0, 3.0,
4.0, and 5.0 mL of this solution to separate 100-mL volumetric
flasks. Dilute the contents of each flask with 0.125N hydrochloric
acid to volume, and mix to obtain solutions having known
concentrations of about 0.5, 1.0, 1.5, 2.0, and 2.5 mg of zinc per mL.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain 2 mg of zinc per mL and to omit the use of the Lanthanum
chloride solution.
Procedure—Concomitantly determine the absorbances of the

Standard preparations and the Assay preparation at the zinc
emission line at 213.8 nm with an atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a zinc hollow-cathode lamp and an air–acetylene
flame, using 0.125N hydrochloric acid as the blank. Plot the
absorbances of the Standard preparations versus concentration, in
mg per mL, of zinc, and draw the straight line best fitting the five
plotted points. From the graph so obtained, determine the

concentration, C, in mg per mL, of zinc in the Assay preparation.
Calculate the quantity, in mg, of zinc (Zn) in the portion of Tablets
taken by the formula:

0.001CD,

in which D is the dilution factor used to prepare the Assay
preparation.

Add the following:

~Assay for boron, nickel, tin, and vanadium, Method 1;

calcium, chromium, copper, iron, magnesium, manganese,

phosphorus, and zinc, Method 2; molybdenum and

selenium, Method 3—

Stock aqua regia solution—Prepare a mixture of hydro-

chloric acid and nitric acid (3 : 1) by adding the nitric acid to

the hydrochloric acid. [NOTE—Periodically vent the solution

in an appropriate fume hood.]

Diluted aqua regia solution—To a 2-L volumetric flask,

add 400 mL of water, then slowly add 200 mL of Stock aqua

regia solution, dilute with water to volume, and mix well.

System suitability solution—Pipet 1.0 mL each of 1000 mg

of ytrium per L and 1000 mg of scandium per L in 5% (v/v)

nitric acid solution into a 200-mL volumetric flask, dilute

with Diluted aqua regia solution to volume, and mix.

Stock standard solution 1 (Ca, Cu, Fe, Mg, Mn, P, and

Zn)—[NOTE—It is only necessary to include the minerals of

interest in the solution.] Using commercially available

element standard (single- or multi-element) solution(s) in

5% (v/v) nitric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 5% (v/v) nitric acid solution to obtain a solution having

final concentrations of about 1000 mg of calcium per L, 100

mg of copper per L, 250 mg of iron per L, 500 mg of

magnesium per L, 100 mg of manganese per L, and 800 mg

of zinc per L.

Stock standard solution 2 (B, Cr, Mo, Ni, Se, Sn, and V)—

[NOTE—It is only necessary to include the minerals of interest

in the solution.] Using commercially available element

standard (single- or multi-element) solution(s) in 20% (v/v)

hydrochloric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 20% (v/v) hydrochloric acid solution to obtain a solution
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having final concentrations of about 200 mg of boron per L,

and 100 mg per L of chromium, molybdenum, nickel,

selenium, tin, and vanadium each.

Standard solutions—Use Stock standard solution 1 and/or

Stock standard solution 2 to prepare a six-point calibration

curve to bracket the concentration range of each mineral of

interest. Use the Diluted aqua regia solution as the diluent.

Test solution 1 (for Tablets containing minerals found in

Stock standard solution 1 and Stock standard solution 2)—

Weigh and finely powder not fewer than 20 Tablets. Transfer

an accurately weighed portion equal to 3.5 times the average

Tablet weight to a 250-mL volumetric flask. Slowly add 25

mL of Stock aqua regia solution in 5-mL increments followed

by mixing. [NOTE—If the sample contains a carbonate,

bubbling will occur. Wait until bubbling ends to proceed.]

Bring the solution to a boil on a hot plate. Continue to heat

gently until fumes cease (about 1 hour). [NOTE—If the sample

contains selenium, digest for not more than 15 minutes.]

Remove from heat, cool, and dilute with water to volume.

Filter about 30 mL into a centrifuge tube using a 5-mm nylon

syringe. If necessary, make any further dilutions using

Diluted aqua regia solution.

Test solution 2 (for Tablets containing minerals found only

in Stock standard solution 2)—Weigh and finely powder not

fewer than 20 Tablets. Transfer an accurately weighed portion

equal to 3.5 times the average Tablet weight to a 250-mL

volumetric flask. Slowly add 25 mL of Stock aqua regia

solution in 5-mL increments followed by mixing. [NOTE—If

the sample contains a carbonate, bubbling will occur. Wait

until bubbling ends to proceed.] Bring the solution to a boil

on a hot plate. Continue to heat gently until fumes cease

(about 1 hour). [NOTE—If the sample contains selenium,

digest for not more than 15 minutes.] Remove from heat,

cool, and dilute with water to volume. Filter about 30 mL into

a centrifuge tube using a 5-mm nylon syringe. If necessary,

make any further dilutions using Diluted aqua regia solution.

Test solution 3 (for Tablets containing minerals found only

in Stock standard solution 1)—Weigh and finely powder not

fewer than 20 Tablets. Transfer an accurately weighed portion

equal to the average Tablet weight to a 250-mL volumetric

flask. Slowly add 25 mL of Stock aqua regia solution in 5-mL

increments followed by mixing. [NOTE—If the sample

contains a carbonate, bubbling will occur. Wait until bubbling

ends to proceed.] Bring the solution to a boil on a hot plate.

Continue to heat gently (about 1 hour), until fumes cease.

Remove from heat, cool, and dilute with water to volume.

Filter about 30 mL into a centrifuge tube using a 5-mm nylon

syringe. If necessary, make any further dilutions using

Diluted aqua regia solution.

Inductively coupled plasma system h730i—The inductively

coupled plasma emission spectrometer is set to measure the

emission of each mineral of interest at about the correspond-

ing wavelength. Analyze the System suitability solution, and

obtain the response as directed for Procedure: the relative

standard deviation for replicate analysis is not more than

2.0%. [NOTE—The operating conditions may be developed

and optimized based on the manufacturer’s recommendation.

The wavelengths selected should be demonstrated experi-

mentally to provide sufficient specificity, sensitivity, linearity,

accuracy, and precision.]

Procedure—Determine the emission of each mineral of

interest in the Standard solutions and the Test solution with an

inductively coupled plasma system using Diluted aqua regia

solution as the blank. Plot the emission of the Standard

solutions versus concentration, in mg per L, of the mineral(s)

of interest, and draw the straight line best fitting the plotted

points. From the graph so obtained, determine the concen-

tration, C, in mg per L, for each mineral of interest in the Test

solution. Calculate the percent label claim for each mineral

taken by the formula:

C(V /W)F(TW / L)100
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in which C is as defined above; V is the volume in liters of the

Test solution; W is the sample weight in mg; F is the dilution

factor of the Test solution; TW is the average Tablet weight in

mg; and L is the label claim mg per Tablet.~USP33

BRIEFING

Water-Soluble Vitamins with Minerals Capsules, USP 31 page
1046—See briefing under Minerals Capsules.

(DSN: C. Phinney) RTS—C66572

Change to read:

» Water-Soluble Vitamins with Minerals Capsules
contain one or more of the following water-soluble
vitamins: Ascorbic Acid or its equivalent as Calcium
Ascorbate or Sodium Ascorbate, Biotin, Cyanocobala-
min, Folic Acid, Dexpanthenol or Panthenol, Pantothe-
nic Acid (as Calcium Pantothenate or Racemic Calcium
Pantothenate), Niacin or Niacinamide, Pyridoxine
Hydrochloride, Riboflavin, and Thiamine Hydrochlo-
ride or Thiamine Mononitrate; and one mineral or more,
furnishing one or more of the following elements in
ionizable form: calcium, chromium, copper, fluorine,
iodine, iron, magnesium, manganese, molybdenum,
phosphorus, potassium, selenium, and zinc, derived
from substances generally recognized as safe. Capsules
contain not less than 90.0 percent and not more than
150.0 percent of the labeled amounts of ascorbic acid
(C6H8O6) or its salts as calcium ascorbate
(C1 2H1 4CaO1 2 � 2H2O) or sod ium ascorba te
(C6H7NaO6), biotin (C10H16N2O3S), cyanocobalamin
(C63H88CoN14O14P), folic acid (C19H19N7O6), dexpan-
thenol (C9H19NO4) or panthenol (C9H19NO4), calcium
pantothenate (C18H32CaN2O10), niacin (C6H5NO2) or
niacinamide (C6H6N2O), pyridoxine hydrochloride
(C8H11NO3 �HCl), riboflavin (C17H20N4O6), and thia-
mine (C12H17ClN4OS) as thiamine hydrochloride or
thiamine mononitrate; not less than 90.0 percent and not
more than 125.0 percent of the labeled amounts of
calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and
zinc (Zn); and not less than 90.0 percent and not more
than 160.0 percent of the labeled amounts of

~boron (B),~USP33

chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), and

~nickel (Ni),~USP33

selenium (Se),

~tin (Sn), and vanadium (V).~USP33

They do not contain any form of Beta Carotene or
Vitamin A, D, E, or K. They may contain other labeled
added substances that are generally recognized as safe,
in amounts that are unobjectionable.

Change to read:

Assay for calcium,

~Method 1~USP33
—Proceed as directed in the Assay for calcium under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Dilute 100 mL of polysorbate 80 with

alcohol to 1000 mL.
Assay preparation—Transfer 5 Capsules to a 100-mL volumetric

flask. [NOTE—For hard gelatin Capsules, accurately weigh not fewer
than 20 Capsules. Using a sharp blade if necessary, carefully open
the Capsules, without loss of shell material, and transfer the contents
to a suitable container. Remove any contents adhering to the empty
shells by washing with several portions of ether. Discard the
washings, and allow the Capsule shells to dry. Weigh the empty
Capsule shells, calculate the net weight of the Capsule contents, and
transfer an accurately weighed portion of the Capsule contents,
equivalent to about 5 Capsules, to a 100-mL volumetric flask.] Add
about 15 mL of water, 10 mL of 6N hydrochloric acid, and about
1 mL of Polysorbate 80 solution to the flask, and heat on a hot plate
or steam bath, with intermittent swirling, until the Capsules are
completely disintegrated or the contents are dissolved. Boil gently
for an additional 15 minutes. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution
quantitatively, and stepwise if necessary, with 0.125N hydrochloric
acid to obtain a solution having a known concentration of about 2 mg
of calcium per mL, adding 1 mL of Lanthanum chloride solution per
100 mL of the final volume.

Change to read:

Assay for chromium,

~Method 1~USP33
—Proceed as directed in the Assay for chromium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 1 mg of chromium per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for copper,

~Method 1~USP33
—Proceed as directed in the Assay for copper under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 2 mg of copper per mL and to omit the use of the
Lanthanum chloride solution.
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Change to read:

Assay for iron,

~Method 1~USP33
—Proceed as directed in the Assay for iron under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 5 mg of iron per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for magnesium,

~Method 1~USP33
—Proceed as directed in the Assay for magnesium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 0.4 mg of magnesium per mL.

Change to read:

Assay for manganese,

~Method 1~USP33
—Proceed as directed in the Assay for manganese under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Polysorbate
80 solution and Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 1 mg of manganese per mL and to omit the use of the
Lanthanum chloride solution.

Change to read:

Assay for phosphorus,

~Method 1~USP33
—Proceed as directed in the Assay for phosphorus under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to read
Capsules in place of Tablets and to use the following Assay
preparation.
Assay preparation—Remove the contents of a counted number of

Capsules by cutting open the Capsules, using a sharp blade if
necessary. Mix, and determine the weight of the contents. Transfer
an accurately weighed quantity of the Capsule contents, equivalent
to about 100 mg of phosphorus, to a suitable flask. Proceed as
directed for Assay preparation in the Assay for phosphorus under
Oil- and Water-Soluble Vitamins with Minerals Tablets, beginning
with ‘‘add 25 mL of nitric acid.’’

Change to read:

Assay for zinc,

~Method 1~USP33
—Proceed as directed in the Assay for zinc under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to read Capsules in
place of Tablets and to use the following Polysorbate 80 solution and
Assay preparation.
Polysorbate 80 solution—Prepare as directed in the Assay for

calcium.
Assay preparation—Proceed as directed for Assay preparation in

the Assay for calcium, except to prepare the Assay preparation to
contain about 2 mg of zinc per mL and to omit the use of the
Lanthanum chloride solution.

Add the following:

~Assay for boron, nickel, tin, and vanadium, Method 1;

calcium, chromium, copper, iron, magnesium, manganese,

phosphorus, and zinc, Method 2; molybdenum and

selenium, Method 3—

Stock aqua regia solution—Prepare a mixture of hydro-

chloric acid and nitric acid (3 : 1) by adding the nitric acid to

the hydrochloric acid. [NOTE—Periodically vent the solution

in an appropriate fume hood.]

Diluted aqua regia solution—To a 2-L volumetric flask,

add 400 mL of water, then slowly add 200 mL of Stock aqua

regia solution, dilute with water to volume, and mix well.

System suitability solution—Pipet 1.0 mL each of 1000 mg

of ytrium per L and 1000 mg of scandium per L in 5% (v/v)

nitric acid solution into a 200-mL volumetric flask, dilute

with Diluted aqua regia solution to volume, and mix.

Stock standard solution 1 (Ca, Cu, Fe, Mg, Mn, P, and

Zn)—[NOTE—It is only necessary to include the minerals of

interest in the solution.] Using commercially available metal

element (single- or multi-element) solution(s) in 5% (v/v)

nitric acid solution, pipet the appropriate amount of element

standard solution into a volumetric flask, and dilute with 5%

(v/v) nitric acid solution to obtain a solution having final

concentrations of about 1000 mg of calcium per L, 100 mg of

copper per L, 250 mg of iron per L, 500 mg of magnesium

per L, 100 mg of manganese per L, and 800 mg of zinc per L.

Stock standard solution 2 (B, Cr, Mo, Ni, Se, Sn, and V)—
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[NOTE—It is only necessary to include the minerals of interest

in the solution.] Using commercially available element

standard (single- or multi-element) solution(s) in 20% (v/v)

hydrochloric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 20% (v/v) hydrochloric acid solution to obtain a solution

having final concentrations of about 200 mg of boron per L,

and 100 mg per L of chromium, molybdenum, nickel,

selenium, tin, and vanadium each.

Standard solutions—Use Stock standard solution 1 and/or

Stock standard solution 2 to prepare a six-point calibration

curve to bracket the concentration range of each mineral of

interest. Use the Diluted aqua regia solution as the diluent.

Test solution—Weigh then transfer 5 Capsules to a 250-mL

volumetric flask, and heat gently on a hot plate until the

contents begin to release. Cautiously add 25 mL of Stock

aqua regia solution in 5-mL increments, and swirl. Heat,

continue to swirl until the Capsules dissolve into the acid,

immediately remove from the heat source, and add 150 mL of

water. Cool, and dilute with water to volume. Filter about 30

mL into a centrifuge tube using a 5-micron nylon syringe. If

necessary, make any further dilutions using Diluted aqua

regia solution.

Inductively coupled plasma system h730i—The inductively

coupled plasma emission spectrometer is set to measure the

emission of each mineral of interest at about the correspond-

ing wavelength. Analyze the System suitability solution, and

obtain the response as directed for Procedure: the relative

standard deviation for replicate analysis is not more than

2.0%. [NOTE—The operating conditions may be developed

and optimized based on the manufacturer’s recommendation.

The wavelengths selected should be demonstrated experi-

mentally to provide sufficient specificity, sensitivity, linearity,

accuracy, and precision.]

Procedure—Determine the emission of each mineral of

interest in the Standard solutions and the Test Solution with

an inductively coupled plasma system using Diluted aqua

regia solution as the blank. Plot the emission of the Standard

solutions versus concentration, in mg per L, of the mineral(s)

of interest, and draw the straight line best fitting the plotted

points. From the graph so obtained, determine the concen-

tration, C, in mg per L, for each mineral of interest in the Test

solution. Calculate the percent label claim for each mineral by

the formula:

C(V/W)F(CW / L)100

in which C is as defined above; V is the volume in liters of the

Test solution; W is the sample weight in mg; F is the dilution

factor of the Test solution; CW is the average Capsule weight

in mg; and L is the label claim in mg per Capsule.~USP33

BRIEFING

Water-Soluble Vitamins with Minerals Tablets, USP 31 page
1050—See briefing under Minerals Capsules.

(DSN: C. Phinney) RTS—C66573

Change to read:

» Water-Soluble Vitamins with Minerals Tablets contain
one or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbate or
Sodium Ascorbate, Biotin, Cyanocobalamin, Folic
Acid, Niacin or Niacinamide, Pantothenic Acid (as
Calcium Pantothenate or Racemic Calcium Pantothen-
ate), Pyridoxine Hydrochloride, Riboflavin, and Thia-
mine Hydrochloride or Thiamine Mononitrate; and one
or more minerals derived from substances generally
recognized as safe, furnishing one or more of the
following elements in ionizable form: calcium, chromi-
um, copper, fluorine, iodine, iron, magnesium, manga-
nese, molybdenum, phosphorus, potassium, selenium,
and zinc. Tablets contain not less than 90.0 percent and
not more than 150.0 percent of the labeled amounts of
ascorbic acid (C6H8O6) or its salts as calcium ascorbate
(C12H14CaO12 � 2H2O) or sodium ascorbate (C6H7NaO6),
b i o t i n ( C 1 0 H 1 6 N 2 O 3 S ) , c y a n o c o b a l am i n
(C63H88CoN14O14P), folic acid (C19H19N7O6), calcium
pantothenate (C18H32CaN2O10), niacin (C6H5NO2) or
niacinamide (C6H6N2O), pyridoxine hydrochloride
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(C8H11NO3 �HCl), riboflavin (C17H20N4O6), and thia-
mine (C12H17ClN4OS) as thiamine hydrochloride or
thiamine mononitrate; not less than 90.0 percent and not
more than 125.0 percent of the labeled amounts of
calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and
zinc (Zn); and not less than 90.0 percent and not more
than 160.0 percent of the labeled amounts of

~boron (B),~USP33

chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), and

~nickel (Ni),~USP33

selenium (Se),

~tin (Sn), and vanadium (V).~USP33

They do not contain any form of Beta Carotene or
Vitamin A, D, E, or K. They may contain other labeled
added substances that are generally recognized as safe,
in amounts that are unobjectionable.

Change to read:

Assay for calcium,

~Method 1~USP33
—Proceed as directed in the Assay for calcium under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to use 15 mL, in
place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for chromium,

~Method 1~USP33
—Proceed as directed in the Assay for chromium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to use 15 mL,
in place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for copper,

~Method 1~USP33
—Proceed as directed in the Assay for copper under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to use 15 mL, in
place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for iron,

~Method 1~USP33
—Proceed as directed in the Assay for iron under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to use 15 mL, in
place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for magnesium,

~Method 1~USP33
—Proceed as directed in the Assay for magnesium under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to use 15 mL,
in place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for manganese,

~Method 1~USP33
—Proceed as directed in the Assay for manganese under Oil- and
Water-Soluble Vitamins with Minerals Tablets, except to use 15 mL,
in place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Change to read:

Assay for phosphorus,

~Method 1~USP33
—Proceed as directed in the Assay for phosphorus under Oil- and
Water-Soluble Vitamins with Minerals Tablets.

Change to read:

Assay for zinc,

~Method 1~USP33
—Proceed as directed in the Assay for zinc under Oil- and Water-
Soluble Vitamins with Minerals Tablets, except to use 15 mL, in
place of 60 mL, of hydrochloric acid when preparing the Assay
preparation.

Add the following:

~Assay for boron, nickel, tin, and vanadium, Method 1;

calcium, chromium, copper, iron, magnesium, manganese,

phosphorus, and zinc, Method 2; molybdenum and

selenium, Method 3—

Stock aqua regia solution—Prepare a mixture of hydro-

chloric acid and nitric acid (3 : 1) by adding the nitric acid to

the hydrochloric acid. [NOTE—Periodically vent the solution

in an appropriate fume hood.]

Diluted aqua regia solution—To a 2-L volumetric flask,

add 400 mL of water, then slowly add 200 mL of Stock aqua

regia solution, dilute with water to volume, and mix well.

System suitability solution—Pipet 1.0 mL each of 1000 mg

of ytrium per L and 1000 mg of scandium per L in 5% (v/v)

nitric acid solution into a 200-mL volumetric flask, dilute

with Diluted aqua regia solution to volume, and mix.
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Stock standard solution 1 (Ca, Cu, Fe, Mg, Mn, P, and

Zn)—[NOTE—It is only necessary to include the minerals of

interest in the solution.] Using commercially available

element standard (single- or multi-element) solution(s) in

5% (v/v) nitric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 5% (v/v) nitric acid solution to obtain a solution having

final concentrations of about 1000 mg of calcium per L, 100

mg of copper per L, 250 mg of iron per L, 500 mg of

magnesium per L, 100 mg of manganese per L, and 800 mg

of zinc per L.

Stock standard solution 2 (B, Cr, Mo, Ni, Se, Sn, and V)—

[NOTE—It is only necessary to include the minerals of interest

in the solution.] Using commercially available element

standard (single- or multi-element) solution(s) in 20% (v/v)

hydrochloric acid solution, pipet the appropriate amount of

element standard solution into a volumetric flask, and dilute

with 20% (v/v) hydrochloric acid solution to obtain a solution

having final concentrations of about 200 mg of boron per L,

and 100 mg per L of chromium, molybdenum, nickel,

selenium, tin, and vanadium each.

Standard solutions—Use Stock standard solution 1 and/or

Stock standard solution 2 to prepare a six-point calibration

curve to bracket the concentration range of each mineral of

interest. Use the Diluted aqua regia solution as the diluent.

Test solution 1 (for Tablets containing minerals found in

Stock standard solution 1 and Stock standard solution 2)—

Weigh and finely powder not fewer than 20 Tablets. Transfer

an accurately weighed portion equal to 3.5 times the average

Tablet weight to a 250-mL volumetric flask. Slowly add 25

mL of Stock aqua regia solution in 5-mL increments followed

by mixing. [NOTE—If the sample contains a carbonate,

bubbling will occur. Wait until bubbling ends to proceed.]

Bring the solution to a boil on a hot plate. Continue to heat

gently until fumes cease (about 1 hour). [NOTE—If the sample

contains selenium, digest for not more than 15 minutes.]

Remove from heat, cool, and dilute with water to volume.

Filter about 30 mL into a centrifuge tube using a 5-mm nylon

syringe. If necessary, make any further dilutions using

Diluted aqua regia solution.

Test solution 2 (for Tablets containing minerals found only

in Stock standard solution 2)—Weigh and finely powder not

fewer than 20 Tablets. Transfer an accurately wieghed portion

equal to 3.5 times the average Tablet weight to a 250-mL

volumetric flask. Slowly add 25 mL of Stock aqua regia

solution in 5-mL increments followed by mixing. [NOTE—If

the sample contains a carbonate, bubbling will occur. Wait

until bubbling ends to proceed.] Bring the solution to a boil

on a hot plate. Continue to heat gently until fumes cease

(about 1 hour). [NOTE—If the sample contains selenium,

digest for not more than 15 minutes.] Remove from heat,

cool, and dilute with water to volume. Filter about 30 mL into

a centrifuge tube using a 5-mm nylon syringe. If necessary,

make any further dilutions using Diluted aqua regia solution.

Test solution 3 (for Tablets containing minerals found only

in Stock standard solution 1)—Weigh and finely powder not

fewer than 20 Tablets. Transfer an accurately weighed portion

equal to the average Tablet weight to a 250-mL volumetric

flask. Slowly add 25 mL of Stock aqua regia solution in 5-mL

increments followed by mixing. [NOTE—If the sample

contains a carbonate, bubbling will occur. Wait until bubbling

ends to proceed.] Bring the solution to a boil on a hot plate.

Continue to heat gently until fumes cease (about 1 hour).

Remove from heat, cool, and dilute with water to volume.

Filter about 30 mL into a centrifuge tube using a 5-mm nylon

syringe. If necessary, make any further dilutions using

Diluted aqua regia solution.
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Inductively coupled plasma system h730i—The inductively

coupled plasma emission spectrometer is set to measure the

emission of each mineral of interest at about the correspond-

ing wavelength. Analyze the System suitability solution, and

obtain the response as directed for Procedure: the relative

standard deviation for replicate analysis is not more than

2.0%. [NOTE—The operating conditions may be developed

and optimized based on the manufacturer’s recommendation.

The wavelengths selected should be demonstrated experi-

mentally to provide sufficient specificity, sensitivity, linearity,

accuracy, and precision.]

Procedure—Determine the emission of each mineral of

interest in the Standard solutions and the Test Solution with

an inductively coupled plasma system using Diluted aqua

regia solution as the blank. Plot the emission of the Standard

solutions versus concentration, in mg per L, of the mineral(s)

of interest, and draw the straight line best fitting the plotted

points. From the graph so obtained, determine the concen-

tration, C, in mg per L, for each mineral of interest in the Test

solution. Calculate the percent label claim for each mineral

taken by the formula:

C(V /W)F(TW / L)100

in which C is as defined above; V is the volume in liters of the

Test solution; W is the sample weight in mg; F is the dilution

factor of the Test solution; TW is the average Tablet weight in

mg; and L is the label claim, in mg per Tablet.~USP33
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category, NF 26
page 1057, page 3612 of the First Supplement, and page 1211 of PF
34(5) [Sept.–Oct. 2008]. It is proposed to add Calcium Propionate to
the Antimicrobial Preservative category; Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium to the Coating Agent and Suspend-
ing and/or Viscosity-Increasing Agent categories; Desoxycholic Acid
to the Emulsifying and/or Solubilizing Agent category; and Polyvinyl
Acetate to the Coating Agent, Desiccant, and Tablet Binder categories
to complement the proposed new monographs for Calcium Propio-
nate, Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium,
Desoxycholic Acid, Polyvinyl Acetate, which appear elsewhere in this
issue of PF.

(EM1; EM2) RTS—C53851; C57981; C62523; C65855

Change to read:

Antimicrobial Preservative
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben

~

Calcium Propionate~NF28

Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol

&Dehydroacetic Acid&2S (NF26)

~

Erythorbic Acid~NF27

Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:

Antioxidant
Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene

~

Erythorbic Acid~NF27

Hypophosphorous Acid
Monothioglycerol
Potassium Metabisulfite
Propyl Gallate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate

&Stannous Chloride&2S (NF26)

Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Change to read:

Buffering Agent
Acetic Acid
Adipic Acid
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid, Anhydrous
Citric Acid Monohydrate

&Alpha-Lactalbumin&1S (NF27)

Lactic Acid
Phosphoric Acid
Potassium Citrate
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic
Sodium Acetate
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid

Change to read:

Bulking Agent for Freeze-Drying
Creatinine

&Alpha-Lactalbumin&1S (NF27)

Mannitol
~

Polydextrose~NF26

&Pullulan&2S (NF26)

~

Trehalose~NF27
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Change to read:

Coating Agent
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose Sodium

~

Enzymatically-Hydrolyzed Carboxymethylcellulose

Sodium~NF28

Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)
Coconut Oil

&Hydrogenated Coconut Oil&1S (NF27)

Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose
Phthalate)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hyp r ome l l o s e Ph t h a l a t e ( f o rme r l y Hyd roxyp r opy l
Methylcellulose Phthalate)

&Alpha-Lactalbumin&1S (NF27)

Maltodextrin
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
Palm Kernel Oil

&Palm Oil&2S (NF27)

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol

~

Polyvinyl Acetate~NF28

Polyvinyl Acetate Phthalate

&Pullulan&2S (NF26)
~

Fully Hydrogenated Rapeseed Oil~NF26
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Change to read:

Complexing Agent
Edetate Calcium Disodium
Edetate Disodium
Edetic Acid

&Alpha-Lactalbumin&1S (NF27)

Oxyquinoline Sulfate

Change to read:

Desiccant
Calcium Chloride
Calcium Sulfate

~

Polyvinyl Acetate~NF28

Silicon Dioxide

Change to read:

Emulsifying and/or Solubilizing Agent
Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol
Coconut Oil

~

Desoxycholic Acid~NF28

Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates

&Gamma Cyclodextrin&2S (NF26)

Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate

&Alpha-Lactalbumin&1S (NF27)

Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
~

Oleyl Oleate~NF26

Palm Kernel Oil

&Palm Oil&2S (NF27)

Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)
&Propylene Glycol Monocaprylate&1S (NF26)

Propylene Glycol Monostearate
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
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Sorbitan Sesquioleate
Sorbitan Trioleate

&Stannous Chloride&2S (NF26)

Stearic Acid
Trolamine
Wax, Emulsifying

Change to read:

Glidant and/or Anticaking Agent
Calcium Silicate
Magnesium Silicate

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide, Colloidal
Talc

Change to read:

Humectant
Corn Syrup Solids
Erythritol
Glycerin
Hexylene Glycol

&Inositol&2S (NF26)

Maltitol
~

Polydextrose~NF26

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution
Tagatose

Change to read:

Plasticizer
Acetyltributyl Citrate
Acetyltriethyl Citrate
Castor Oil
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol

&Pullulan&2S (NF26)

Sorbitol Sorbitan Solution
Triacetin
Tributyl Citrate
Triethyl Citrate

Change to read:

Polymer Membrane
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Cellaburate
Cellulose Acetate
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion

&Pullulan&2S (NF26)

Change to read:

Sequestering Agent
Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Gamma Cyclodextrin&2S (NF26)

Hydroxypropyl Betadex

&Pullulan&2S (NF26)

Sodium Tartrate

Change to read:

Stiffening Agent
Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Cetyl Palmitate
Hard Fat

&Alpha-Lactalbumin&1S (NF27)

Paraffin
Synthetic Paraffin
~

Fully Hydrogenated Rapeseed Oil~NF26
~

Superglycerinated Fully Hydrogenated Rapeseed Oil~NF26

Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

Change to read:

Suspending and/or Viscosity-Increasing Agent
Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12

~

Enzymatically-Hydrolyzed Carboxymethylcellulose

Sodium~NF28

Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose

Sodium

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Gelatin
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Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)

&Alpha-Lactalbumin&1S (NF27)

Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin
Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate

&Pullulan&2S (NF26)

&Hydrophobic Colloidal Silica&2S (NF26)

Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
Starch, Potato
Starch, Tapioca
Starch, Wheat
Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent
Acesulfame Potassium
Aspartame
Aspartame Acesulfame

~

Corn Syrup~NF27

Corn Syrup Solids
High Fructose Corn Syrup
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution
Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose

~

Trehalose~NF27

Change to read:

Tablet Binder
Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline

&Silicified Microcrystalline Cellulose&2S (NF27)

&Hydrogenated Coconut Oil&1S (NF27)

Copovidone

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate

&Alpha-Lactalbumin&1S (NF27)

Maltodextrin
Maltose
Methylcellulose

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Oxide

~

Polyvinyl Acetate~NF28

Povidone

&Pullulan&2S (NF26)

Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup

~

Trehalose~NF27

Change to read:

Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
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&Silicified Microcrystalline Cellulose&2S (NF27)

Cellulose, Powdered

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin

&Alpha-Lactalbumin&1S (NF27)

Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol
&Propylene Glycol Monocaprylate&1S (NF26)

&Pullulan&2S (NF26)

Sorbitol
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner’s

~

Trehalose~NF27

Change to read:

Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline

&Silicified Microcrystalline Cellulose&2S (NF27)

Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium

&Pullulan&2S (NF26)

Sodium Starch Glycolate
Starch
Starch, Corn
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat

~

Trehalose~NF27

Change to read:

Tablet and/or Capsule Lubricant

&Behenoyl Polyoxylglycerides&2S (NF27)

Calcium Stearate

&Hydrogenated Coconut Oil&1S (NF27)

Glyceryl Behenate
Magnesium Stearate
Mineral Oil, Light

&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Sodium Lauryl Sulfate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Starch
Stearic Acid
Stearic Acid, Purified
Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate

Change to read:

Tonicity Agent

~

Corn Syrup~NF27

Corn Syrup Solids
Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Change to read:

Vehicle

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose

&Ethyl Maltol&2S (NF27)

Peppermint Water
Sorbitol Solution
Syrup
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~

Trehalose~NF27

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil
&Hydrogenated Polydecene&1S (NF26)

Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER

Corn Syrup Solids

&Alpha-Lactalbumin&1S (NF27)

&Propylene Glycol Dicaprylate/Dicaprate&2S (NF26)
&Propylene Glycol Monocaprylate&1S (NF26)

Sugar Spheres

STERILE

~

rAlbumin Human~NF27

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Change to read:

Wetting and/or Solubilizing Agent
Benzalkonium Chloride
Benzethonium Chloride
Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80

&Pullulan&2S (NF26)

Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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MONOGRAPHS (NF)

BRIEFING

Calcium Propionate. Because there is no existing NF monograph
for this excipient, it is proposed to add a new monograph, based on
the monograph appearing in Food Chemicals Codex, Sixth Edition,
page 146, and also on the monograph prepared at the 52nd Joint
FAO/WHO Expert Committee on Food Additives (JECFA), 1998.
Interested parties are encouraged to comment on the proposal.

(EM1: R. Lafaver) RTS—C57981

Add the following:

~Calcium Propionate

C6H10CaO4 186.22

[4075-81-4].

» Calcium Propionate contains not less than 98.0

percent and not more than 100.5 percent of

C6H10CaO4, calculated on the anhydrous basis.

Packaging and storage—Store in tightly closed containers.

No storage requirements specified.

USP Reference standards h11i—USP Sodium Fluoride RS.

USP Calcium Propionate RS.

Identification—A solution (1 in 20) responds to the tests for

Calcium h191i.

pH h791i: between 7.5 and 10.5, in a solution (1 in 10).

Limit of fluoride—

1M Sodium citrate—Dissolve about 29.41 g of sodium

citrate dihydrate in water, and dilute with water to 100 mL.

Standard solution—Dissolve an accurately weighed quan-

tity of USP Sodium Fluoride RS in water, and dilute

quantitatively, and stepwise if necessary, to obtain a solution

having a known concentration of about 2.21 mg per mL.

[NOTE—Store solution in a plastic bottle.] On the day of use,

transfer 5.0 mL of the resulting solution to a 1000-mL

volumetric flask, dilute with water to volume, and mix. Each

mL of this solution contains 5 mg of fluoride ion.

Electrode system—Use a fluoride-specific, ion-indicating

electrode and a silver–silver chloride reference electrode

connected to a pH meter capable of measuring potentials with

a minimum reproducibility of +0.2 mV (see pH h791i).

Standard response line—Transfer 1.0, 2.0, 3.0, 5.0, 10.0,

and 15.0 mL of the Standard solution into separate 250-mL

plastic beakers. Add 50 mL of water, 5 mL of 1 N

hydrochloric acid, 10 mL of 1M Sodium citrate, and 10

mL of 0.2M disodium EDTA to each beaker, and mix.

Transfer each solution into separate 100-mL volumetric

flasks, dilute with water to volume, and mix. Transfer a 50-

mL portion of each solution into separate 125-mL plastic

beakers, and read the potential, in mV, of each solution using

the electrode system. Plot the calibration curve versus

potential, in mV, on two-cycle semilogarithmic paper with

mg of fluoride per 100 mL solution on the logarithmic scale.*

Procedure—Transfer about 1.0 g, accurately weighed, of

Calcium Propionate into a 150-mL glass beaker, add 10 mL

of water, and, while stirring continuously, slowly add 20 mL

of 1N hydrochloric acid to dissolve the sample. Boil rapidly

for 1 minute, then transfer into a 250-mL plastic beaker, and

cool rapidly in ice water. Add 15 mL of 1M Sodium citrate

and 10 mL of 0.2M disodium EDTA, and mix. Adjust the pH

to 5.5+ 0.1 with 1N hydrochloric acid or 1N sodium

hydroxide, if necessary. Transfer into a 100-mL volumetric

flask, dilute with water to volume, and mix. Transfer a 50-mL

portion of this solution into a 125-mL plastic beaker, and

record the potential using the electrode system. Determine the

concentration of fluoride, in mg/mL in the sample: the limit is

0.003%.

* A suitable source for semilogarithmic paper is provided at the
following website: http://statland.org/gpaper.html.
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Water insoluble substances—Dissolve 10 g of Calcium

Propionate in 100 mL of hot water, filter through a tared

filtering crucible, wash the insoluble residue with hot water,

and dry at 1058 to constant weight: the limit is not more than

0.2%.

Limit of lead—

Standard lead solution—Prepare as directed for Special

Reagents under Heavy Metals h231i.

Diluted standard lead solutions—On the day of use,

transfer 5.0, 10.0, and 20.0 mL of Standard lead solution

into three separate 100-mL volumetric flasks, add 10 mL of

3N hydrochloric acid to each, and dilute with water to

volume corresponding to 0.5, 1.0, and 2.0 mg/mL standards.

25% Sulfuric acid solution—Cautiously add 100 mL of

sulfuric acid to 300 mL of water with constant stirring while

cooling in an ice bath.

Sample blank—Add 5 mL of 25% sulfuric acid into an

evaporating dish. Within a hood, place the dish on a steam

bath to evaporate most of the water. Place the dish on a

burner, and slowly pre-ash the sample by expelling most of

the sulfuric acid. Place the dish in a muffle furnace that has

been set at 5258, and ash the sample until the residue appears

free from carbon. Cool, and cautiously wash down the inside

of the evaporation dish with water. Add 5 mL of 1N

hydrochloric acid. Place the dish on a steam bath, and

evaporate to dryness. Add 1.0 mL of 3N hydrochloric acid

and approximately 5 mL of water, and heat briefly on a steam

bath to dissolve any residue. Transfer the solution quantita-

tively to a 10-mL volumetric flask, dilute to volume, and mix.

Test solution—Accurately weigh 10 g of Calcium Propio-

nate, to the nearest 0.1 mg, into an evaporating dish. Add a

sufficient amount of 25% Sulfuric acid solution, and

distribute the sulfuric acid uniformly through the sample.

Proceed as directed under Sample blank beginning with

‘‘Within a hood’’.

Procedure—Concomitantly determine the absorbances of

the Sample blank, the Diluted standard lead solutions, and

the Test solution at the lead emission line of 283.3 nm, using a

slit-width of 0.7 nm. Use a suitable atomic absorption

spectrophotometer (see Spectrophotometry and Light-Scat-

tering h851i) equipped with a lead electrodeless discharge

lamp, an air–acetylene flame, and a suitable burner head. Use

water as the instrument blank.

Calculations—Determine the corrected absorbance values

by subtracting the Sample blank absorbance from each of the

Diluted standard lead solutions and from the Test solution

absorbances. Prepare a standard curve by plotting the

corrected Diluted standard lead solutions absorbance values

versus their corresponding concentrations in mg per mL.

Determine the lead concentration in the Test solution from the

standard curve. Calculate the quantity of lead, in mg per g, in

the sample taken by the formula:

10C /W

in which C is the concentration, in mg per mL, of lead from

the standard curve; and W is the weight, in g, of the sample

taken: the limit is not more than 2 mg/g.

Magnesium (as MgO)—

Magnesium standard solution—Dissolve 50.0 mg of

magnesium metal in 1 mL of hydrochloric acid in a 1000-

mL volumetric flask, dilute with water to volume, and mix.

Sample solution—Place 400.0 mg of Calcium Propionate, 5

mL of 2.7N hydrochloric acid, and about 10 mL of water in a

small beaker, and dissolve the Calcium Propionate by heating

on a hot plate.

Procedure—Evaporate the Sample solution to a volume of

about 2 mL, and cool. Transfer the residual liquid into a 100-

mL volumetric flask, dilute with water to volume, and mix.

Dilute 7.5 mL of this solution to 20 mL with water, add 2 mL

of 1N sodium hydroxide and 0.05 mL of a 1 : 1000 solution

of thiazole yellow, mix, allow to stand for 10 minutes, and

shake. Any color produced does not exceed that produced by

1.0 mL of Magnesium standard solution in the same volume

as that of a control containing 2.5 mL of the Sample solution
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(corresponding to 10 mg of Calcium Propionate) and the

quantities of the reagents used in the test: the solution passes

the test (about 0.4%).

Water, Method I h921i: not more than 5.0%.

Loss on drying—Dry it at 1058 for 2 hours: it loses not more

than 4% of its weight.

Assay—Dissolve about 400 mg of Calcium Propionate,

accurately weighed, in 100 mL of water. While stirring,

preferably with a magnetic stirrer, add about 30 mL of 0.05M

disodium EDTA from a 50-mL buret, then add 15 mL of 1N

sodium hydroxide and 300 mg of hydroxy naphthol blue

indicator, and continue the titration to a blue endpoint. Each

mL of 0.05M disodium EDTA is equivalent to 9.311 mg

C6H10CaO4.~NF28

BRIEFING

Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium.
Because there is no existing NF monograph for this excipient, a
new monograph, based on validated methods of analysis, is being
proposed. The liquid chromatographic procedure in the test for Limit
of sodium glycolate is based on analyses performed using the
Phenomenex Rezex ROA brand of L22 column. Glycolate elutes at
approximately 15.5 minutes on this system. The test for Viscosity is
in line with the newly proposed revised chapters: Newtonian
Viscosity h911i and Non-Newtonian Rheology h912i—see briefings
under these two general chapters, which appear elsewhere in this
issue of PF.

(EM2: H. Wang; NOM: A. Wilk) RTS—C53851

Add the following:

~Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium

Sodium salts of polymers containing substituted anhydroglu-

cose units with the general formula:

[C6H7O2(OH)x(OCH2COONa)y]n

where n is the degree of polymerization;

y is the degree of substitution;

x is between 1.50 and 2.80;

y is between 0.20 and 1.50; and

x + y = 3.0.

Carboxymethyl cellulose, sodium, partially hydrolyzed enzy-

matically.

» Enzymatically-Hydrolyzed Carboxymethylcellu-

lose Sodium is the sodium salt of a polycarbox-

ymethyl ether of cellulose, which has been partially

hydrolyzed by enzymatic treatment with food grade

Trichoderma reesei cellulase. Its degree of substi-

tution is not less than 0.20 and not more than 1.50,

corresponding to a sodium (Na) content of not less

than 2.6 percent and not more than 12.2 percent,

calculated on the dried basis.

Packaging and storage—Preserve in tight, light-resistant

containers, and store in a cool and dry place.

Labeling—Label it to indicate the viscosity, giving the

viscosity measurement parameters, concentration of the

solution, and the type of equipment used. The labeling also

indicates the value for Degree of substitution.

Identification—

A: Vigorously shake a 0.1% solution of Enzymatically-

Hydrolyzed Carboxymethylcellulose Sodium: no layer of

foam appears.

B: To 5 mL of a 0.5% solution of Enzymatically-

Hydrolyzed Carboxymethylcellulose Sodium add 5 mL of a

5% solution of copper or aluminium sulfate: a precipitate

appears.

C: Add 0.5 g of Enzymatically-Hydrolyzed Carboxy-

methylcellulose Sodium to 50 mL of water, while stirring,

to produce a uniform dispersion. Continue stirring until a

clear solution of 1% is produced. Dilute 1 mL of this solution
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with 1 mL of water in a small test tube. Add 5 drops of 1-

naphthol TS. Incline the tube, and carefully introduce down

the side of the tube 2 mL of sulfuric acid, so that it forms a

lower layer: a red-purple color develops at the interface.

D: A portion of the 1% solution obtained from

Identification test C meets the requirements of the tests for

Sodium h191i.

E: It meets the requirements of the test for Viscosity.

Viscosity h911i—After determining the Loss on drying,

weigh a quantity of undried Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium, equivalent to 60.0 g on the

dried basis. In a 400-mL beaker, transfer about 240 mL of

water, minus the amount of water in the test specimen. Over a

period of seconds, transfer the test specimen to the 400-mL

beaker containing water, while slowly and continuously

stirring the solution to make the mixture weigh 300 g. When

the specimen is well wetted, increase the rate of stirring,

taking care to avoid mixing in excess air. Dissolve the test

specimen while stirring rapidly. Equilibrate the mixture in a

water bath at 258 for 1 hour, until all air bubbles dissipate. Stir

the solution in the beaker for 5 minutes at 300 rpm, making

sure that no air bubbles are incorporated. Transfer the solution

to a 250-mL beaker of 5 cm in internal diameter and about 12

cm in height, for measurement. Determine its viscosity at

25+ 0.18, using a suitable rotational viscometer with a

cylindrical spindle 1.9 cm in diameter and 6.5 cm high,

attached to a shaft 0.3 cm in diameter.1 The spindle rotates at

12 rpm at an immersion depth of 8.1 cm. Follow the

instrument manufacturer’s directions to measure the apparent

viscosity: the viscosity is between 200 and 500 mPa � s.

pH h791i: between 6.0 and 8.5, in a solution prepared in

carbon dioxide-free water (1 in 100).

Loss on drying—Dry it at 1058 for 3 hours: it loses not more

than 12.0% of its weight.

Limit of lead—

Nitric acid solution—Dilute 10 mL of nitric acid with 20

mL of water. Boil this solution to remove nitrous fumes, and

allow it to cool to room temperature.

Lead standard stock solution—Dissolve 1.60 g of lead

nitrate (Pb(NO3)2) in about 30 mL of Nitric acid solution in a

1000-mL volumetric flask, dilute with water to volume, and

mix. At 208, transfer 10.0 mL of this lead solution to a 500-

mL volumetric flask, and dilute with water to volume. The

Lead standard stock solution contains 20 mg of Pb per mL.

Standard solutions—Transfer 0, 1, 2, 3, 4, and 5 mL of the

Lead standard stock solution to six identical 100-mL

volumetric flasks, and add 50 mL of water to each flask. To

each flask, add 8 mL of sulfuric acid and 10 mL of

hydrochloric acid, and mix well. After complete dissolution,

dilute with water to volume for each flask, and mix. Each

solution is diluted 1 mL in 50-mL volumetric flasks with

water to a final concentration of 0, 4, 8, 12, 16, and 20 mg of

Pb per L, respectively.

Test solution—Transfer about 1 g of Enzymatically-Hydro-

lyzed Carboxymethylcellulose Sodium, accurately weighed,

to a 100-mL beaker, and add 5 mL of 30% hydrogen

peroxide. While stirring, add 50 mL of water to the solution,

and heat the beaker on a hot plate at 508, until all solids are

dissolved. Quantitatively transfer this solution to a 100-mL

volumetric flask, add 300 mL of nitric acid, dilute with water

to volume, and mix.

Blank solution—Prepare as directed in the Test solution, but

omit the test specimen.

Procedure—Concomitantly determine the absorbances of

the Standard solutions, the Blank solution, and the Test

solution, at the lead emission line at 283.3 nm, with a suitable

graphite furnace atomic absorption spectrophotometer (see

Spectrophotometry and Light-Scattering h851i), equipped

with a lead hollow-cathode lamp and an adequate means of

background correction. Optimize the instrument program as

recommended by the manufacturer for lead. The strongest

Standard solution is aspirated to optimize the instrument

1 A suitable spindle is available from Brookfield as an LV1 spindle,
or the equivalent.
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settings to give a full-scale reading on the detector. Correct

the area responses of all Test solution and Standard solutions

for the Blank solution area response. Generate the appropriate

lead calibration curve, and determine the lead concentration,

C, in mg per L, in the Test solution. Calculate the content of

lead, in mg, in each g of Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium taken by the formula:

0.1(C /W)

in which 0.1 is the volume, in L, of the Test solution; and W is

the weight, in g, of Enzymatically-Hydrolyzed Carboxy-

methycellulose taken to prepare the Test solution: not more

than 3 mg per g is found.

Limit of sodium chloride and sodium glycolate—

SODIUM CHLORIDE—

Ferric solution—Dissolve 20 g of ferric ammonium sulfate

(FeNH4(SO4)2 � 12H2O) in a 100-mL volumetric flask con-

taining 80 mL of water, add 0.3 mL of 10N nitric acid (dilute

600 mL of nitric acid with water to 1000 mL), dilute with

water to volume, and mix.

Procedure—Transfe r an accura te quant i ty of

Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium,

equivalent to 5.0 g on the dried basis, to a platinum or

porcelain crucible. Heat the test specimen first with a small

flame so that the test specimen does not ignite. When the

charring is complete, heat further in an electric oven at about

6008 for 15 minutes. After cooling, pulverize the ashes thus

obtained and extract several times with water. Filter the

extracts into a 500-mL volumetric flask, add 5 mL of 10N

nitric acid, and dilute with water to volume. Transfer 100 mL

of this extract to a suitable flask, add 2.0 mL of 0.2 N silver

nitrate and 3 g of potassium nitrate, and mix. [NOTE—Silver

chloride precipitate may develop. The potassium chloride will

prevent the silver chloride from interfering with the indication

reaction.] After complete dissolution of the potassium nitrate,

titrate this mixture with 0.02N ammonium thiocyanate VS by

adding 3 mL of Ferric solution as an indicator. Titrate until a

red color develops and persists for at least 30 seconds. Each

mL of 0.02N silver nitrate is equivalent to 1.169 mg of

sodium chloride. Calculate the percentage of sodium chloride,

PNaCl, in the portion of Enzymatically-Hydrolyzed Carboxy-

methylcellulose Sodium taken by the formula:

100(0.001169)(5)V /W

in which 5 is the dilution factor; V is the volume, in mL, of the

0.02N silver nitrate consumed; and W is the weight,

calculated on the dried basis, in g, of Enzymatically-

Hydrolyzed Carboxymethylcellulose Sodium taken.

SODIUM GLYCOLATE—

Mobile phase—Prepare a filtered and degassed solution of

0.05% phosphoric acid in water. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard stock solution—Transfer 100 mg of glycolic acid,

previously dried overnight in a vacuum desiccator over

phosphorus pentoxide, and accurately weighed, to a 100-mL

volumetric flask, dissolve in and dilute with Mobile phase to

volume, and mix.

Standard solutions—Into five identical 100-mL volumetric

flasks, transfer 0.5-, 1.0-, 1.5-, 2.0-, and 2.5-mL portions of

the Standard stock solution, respectively. To each flask, dilute

with Mobile phase to volume, and mix. The Standard

solutions have concentrations of 5.0, 10.0, 15.0, 20.0, and

25.0 mg per L, respectively.

Test solution—Transfer an accurate quantity of Enzymat-

ically-Hydrolyzed Carboxymethylcellulose Sodium, equiva-

lent to 200 mg on the dried basis, to a flask. Dissolve in and

dilute with Mobile phase to 20 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 205-nm detector

and a 7.8-mm 6 30-cm column that contains packing L22.

[NOTE—Two 7.8-mm 6 15-cm columns can be used in place

of one 7.8-mm 6 30-cm column, provided that the System

suitability requirements are met.] The flow rate is about 0.5

mL per minute. Chromatograph the Standard solution with
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the concentration of 15 mg per L, and record the peak

responses as directed for Procedure: the relative standard

deviation for replicate injections is not more than 5.0%.

Procedure—Separately inject equal volumes (about 50 mL)

of the Standard solutions and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Plot the peak areas from the

Standard solutions versus the concentration of glycolic acid,

in mg per L, in the Standard solutions. From the standard

curve and the peak area from the Test solution, determine the

concentration of glycolic acid, C, in mg per L, in the Test

solution. Calculate the percentage of sodium glycolate, PNaGly,

in the portion of Enzymatically-Hydrolyzed Carboxymethyl-

cellulose Sodium taken by the formula:

100{(0.02)[(98.03) / (76.05)]C} /W

in which 0.02 is the volume, in L, of the Test solution; 98.03

is the molecular weight of sodium glycolate; 76.05 is the

molecular weight of glycolic acid; and W is the weight,

calculated on the dried basis, in mg, of Enzymatically-

Hydrolyzed Carboxymethylcellulose Sodium taken to prepare

the Test solution: the sum of the percentages from the tests for

sodium chloride and sodium glycolate (PNaCl + PNaGly) is not

more than 0.5%.

Degree of substitution—Ignite a clean and dry quartz

crucible with a Bunsen burner, cool to room temperature in

a desiccator, and weigh the crucible accurately. Transfer 2.0 g

of Enzymatically-Hydrolyzed Carboxymethylcellulose

Sodium, accurately weighed, to the crucible. Carefully

ignite on a small flame for about 10 minutes, and make

sure that the Enzymatically-Hydrolyzed Carboxymethylcel-

lulose Sodium does not burn or excessively glow. Cool, and

moisten the residue with 3 to 5 mL of sulfuric acid. Heat the

crucible cautiously until the fuming is complete, and heat

further until the Enzymatically-Hydrolyzed Carboxymethyl-

cellulose Sodium turns grayish white. Place the crucible in an

oven at about 6008, until no black spots are visible. Cool the

crucible in a desiccator to room temperature, and weigh.

Place the crucible again in an oven at about 6008 for 1 hour,

cool the crucible to room temperature in a desiccator, and

weigh. This last step is repeated until a constant weight is

achieved. Calculate the percentage of sodium, PNa, in the

portion of Enzymatically-Hydrolyzed Carboxymethylcellu-

lose Sodium taken by the formula:

100(2)(22.99)(W2 – W1) / {(142.04)W [(100 – LOD)/100]}

in which 2 is the amount of sodium per mol of sodium sulfate;

22.99 is the molar mass of sodium; W2 is the weight, in g, of

the crucible with ash residue; W1 is the weight, in g, of the

crucible; 142.04 is the molecular weight of sodium sulfate; W

is the weight, in g, of Enzymatically-Hydrolyzed Carboxy-

methylcellulose Sodium taken; and LOD is the Loss on

drying value, in percent, of Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium. Calculate the Degree of

substitution (DS) by the formula:

162.14 (PNa – PNaCl – PNaGly) / {(100)(22.99) – [(81.03 – 1.01)

(PNa – PNaCl – PNaGly)]}

in which 162.14 is molar mass of one glucose unit; PNaCl and

PNaGly are defined in the test of Limit of sodium chloride and

sodium glycolate; 22.99 is the molar mass of sodium; 81.03 is

the molar mass of one sodium carboxymethyl unit

(CH2COONa); and 1.01 is the molar mass of hydrogen: not

less than 0.20 and not more than 1.50 carboxymethyl groups

(CH2COOH) per anhydroglucose unit on the dried basis are

found.

Limit of residual enzyme—Transfer 20.0 g of the dry

Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium

to a 2000-mL beaker. Add 100 mL of sulfuric acid, and mix

using a stirring plate, until all particles are wetted. Prevent

excessive foam formation during mixing. Add some glass

beads to prevent boiling delay, and slowly heat the solution to

a temperature not exceeding 1508. Stir for 30 minutes, and

carefully add 5 mL of hydrogen peroxide dropwise at interval
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steps. After each step, allow the reaction to subside, and

ensure that the solution does not contain any particulates.

[NOTE—It takes up to approximately 125 mL of hydrogen

peroxide.] The temperature is gradually increased to about

3008, until strong fumes of sulfur trioxide appear. Stop the

heating. If the solution darkens again during heating,

carefully add some drops of hydrogen peroxide until a clear

solution is obtained. Allow the solution to cool down, add 10

mL of water, and heat again until strong fumes of sulfur

trioxide appear. After the solution becomes clear and is

cooled down, flush the sides with water, and transfer the

solution quantitatively to a 4000-mL round-bottom flask.

Bring the solution to a volume of approximately 500 mL with

water, and place the round-bottom flask under the distillation

unit. Pipette 10 mL of 0.1N sulfuric acid into a 300-mL

conical flask, and dilute with water to 100 mL. Place the

conical flask at the end of the distillation unit, taking care that

the end of the distillation unit is below the surface of the

liquid. Through a dropping funnel add 500 mL of a 32%

sodium hydroxide solution to the round-bottom flask under

heavy stirring. Slowly heat until the solution boils. Boil, and

collect the distillate for 20 minutes. Remove the conical flask,

and stop the heating. Flush the inside of the condenser with

water into the conical flask. Titrate the solution with 0.1M

sodium hydroxide solution. Perform a blank determination.

Calculate the amount of protein in Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium taken by the formula:

{100(6.25)(MN)[VACA – (VTB – VB)CTB]} /W

in which 6.25 is a calculation factor for the theoretical amount

of nitrogen present in protein; MN is the molar mass of

nitrogen, 14.01 g per mol; VA is the volume, in mL, of 0.1N

sulfuric acid added to the conical flask; CA is the exact

concentration, in N, of sulfuric acid added to the conical flask;

VTB is the volume, in mL, of the sodium hydroxide solution

consumed in the titration for the sample determination; VB is

the volume, in mL, of the sodium hydroxide solution

consumed in the titration for the blank determination; CTB is

the concentration, in N, of the sodium hydroxide solution

used in the titration; and W is the weight, in mg, of

Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium

taken: not more than 0.1% of protein is found.~NF28

BRIEFING

Desoxycholic Acid. Because there is no existing NF monograph
for this excipient, it is proposed to add a new monograph, based on
the monograph appearing in Food Chemicals Codex, Sixth Edition,
page 251, and also on the monograph prepared at the 17th Joint
FAO/WHO Expert Committee on Food Additives (JECFA), 1973,
and revised at the 55th JECFA, 2000. Interested parties are
encouraged to comment on the proposal.

(EM1: R. Lafaver) RTS—C62523

Add the following:

~Desoxycholic Acid

C24H40O4 392.57

Deoxycholic acid

13a,12a-Dihydroxycholanic acid [83-44-3].

» Desoxycholic Acid contains not less than 98.0

percent and not more than 102.0 percent of

C24H40O4, calculated on the dried basis.

Packaging and storage—Preserve in tight containers. No

storage requirements specified.

Identification—Add 2 drops of benzaldehyde and 3 drops of

75% sulfuric acid to about 10 mg of Desoxycholic Acid, heat

at 508 for 5 minutes, and then add 10 mL of glacial acetic

acid. A green color appears. (Cholic acid produces a brown

color.)
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Loss on drying h731i—Dry it at 1408 under vacuum of not

more than 5 mm of mercury for 4 hours: it loses not more

than 1% of its weight.

Specific rotation h781Si—

Test solution: 1% (w/v) solution in ethanol: not less than

+558.

Melting range, Class I h741i: between 1728 and 1758.

Residue on ignition h281i: not more than 0.2%, using

1.0 g.

Limit of lead—[NOTE—Select reagents having as low a lead

content as practicable, and store all solutions in high-density

polyethylene containers. Rinse all plastic and glassware

thoroughly with warm, 50% nitric acid followed by water.]

Standard lead solution—Prepare as directed for Special

Reagents under Heavy Metals h231i.

Standard solutions—[NOTE—Prepare these solutions on the

day of use.] Transfer 10.0 and 50.0 mL of Standard lead

solution into two separate 100-mL volumetric flasks, add 10

mL of 3N hydrochloric acid to each, and dilute with water to

volume. The third standard, 10.0 mg per mL, is taken directly

from the Standard lead solution.

Test solution—Transfer 10.0 g of Desoxycholic Acid,

weighed to the nearest 0.1 mg, into an evaporating dish.

Add 5 mL of 25% sulfuric acid (made by adding 25 mL of

sulfuric acid to 75 mL of water), and distribute the 25%

sulfuric acid solution uniformly. Within a hood, place the dish

on a steam bath to evaporate most of the water. Place the dish

on a burner, and slowly prewash the remaining Test solution

by expelling most of the sulfuric acid. Place the dish in a

muffle furnace that has been set at 5258, and ash the contents

of the dish until the residue appears free from carbon. Prepare

a blank by ashing 5 mL of 25% sulfuric acid solution. Cool,

and cautiously wash down the inside of each evaporation dish

with water. Add 5 mL of 1N hydrochloric acid. Place the dish

on a steam bath, and evaporate to dryness. Add 1.0 mL of 3N

hydrochloric acid and approximately 5 mL of water, and heat

briefly on a steam bath to dissolve any residue. Transfer each

solution quantitatively to a 10-mL volumetric flask, dilute

with water to volume, and mix.

Procedure—Using a suitable atomic absorption spectro-

photometer (see Spectrophotometry and Light-Scattering

h851i) equipped with a lead electrodeless discharge lamp,

an air–acetylene flame, and a suitable burner head, perform a

blank determination with water, following the manufacturer’s

operating instructions. Concomitantly determine the absor-

bances of the blank, the Standard solutions, and the Test

solution at the lead emission line of 283.3 nm, using a slit-

width of 0.7 nm. Determine the corrected absorbance values

by subtracting the absorbance of the blank from the

absorbance of each of the Standard solutions and from the

absorbance of the Test solution. Prepare a standard curve by

plotting the corrected absorbance values of the Standard

solutions versus their corresponding concentration, in mg per

mL. From the calibration curve, determine the lead

concentration in the Test solution. Calculate the lead content,

in mg per g, in the portion of Desoxychloic Acid taken by the

formula:

10C /WS

in which 10 is the volume, in mL, of the Test solution; C is the

concentration, in mg per mL, of lead in the Test solution; and

WS is the weight, in g, of Desoxycholic Acid taken: not more

than 4 mg per g is found.

Assay—Transfer about 500 mg of Deoxycholic Acid,

accurately weighed, into a 250-mL Erlenmeyer flask, and

add 20 mL of water and 40 mL of alcohol. Cover the flask

with a watch glass, heat the mixture gently on a steam bath

until the sample is dissolved, and allow the mixture to cool to

room temperature. Add a few drops of phenolphthalein TS to

the solution, and titrate with 0.1 N sodium hydroxide to a pink

endpoint that persists for 15 seconds. Each mL of 0.1 N

sodium hydroxide is equivalent to 39.26 mg of C24H40O4.~NF28
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BRIEFING

Peanut Oil, NF 26 page 1188. On the basis of data and comments
received, and to align with the Peanut Oil (Unhydrogenated)
monograph in the Food Chemicals Codex, 6th Edition and with the
Arachis Oil monograph in the European Pharmacopoeia, 6th
Edition, the following revisions are proposed.

1. Add a CAS number.
2. In the Definition, add the statement ‘‘It may contain suitable

antioxidants’’.
3. Correspondingly, add a Labeling section to specify that any

antioxidants added must be stated on the label and that any
specific grade for parenteral application must also be stated.

4. Replace the current Identification section with a test for Fatty
acid composition.

5. Delete the test for Specific gravity. Move this test into the
Description and Solubility section for Peanut Oil.

6. Delete the test for Cottonseed oil.
7. With the updated test for Fatty acid composition, delete the test

for Solidification range of fatty acids.
8. Replace the test for Free fatty acids with the test for Acid value.

The specification for Acid value is equivalent to that of Free
fatty acids.

9. Add a test for Peroxide value.
10. Delete the test for Iodine value.
11. Delete the test for Saponification value.
12. Delete the test for Refractive index. Move this test into the

Description and Solubility section for Peanut Oil.
13. Add a test for Water.
14. Add a test for Alkaline impurities.
15. For Peanut Oil intended for use in injectable dosage forms, the

requirements specified in the general chapter Injections
h1i must be met.

Other changes are editorial in nature.

(EM2: H. Wang) RTS—C67355

Add the following:
~

[8002-03-7].~NF28

Change to read:

» Peanut Oil is the fully-refined (alkali-refined,
bleached, and deodorized at 2308 to 2608) oil obtained
from the seed kernels of one or more of the cultivated
varieties of Arachis hypogaea Linné (Fam. Legumino-
sae).

~It may contain suitable antioxidants.~NF28

Add the following:

~Labeling—Label it to indicate the name and quantity of any

added antioxidant. Where Peanut Oil is intended for use in the

manufacture of injectable dosage forms, it is so labeled.~NF28

Change to read:

Identification—Saponify 5 g by boiling with 2.5 mL of 7.5N
sodium hydroxide and 12.5 mL of alcohol. Evaporate the alcohol,
dissolve the soap in 50 mL of hot water, and add hydrochloric acid

until the free fatty acids separate as an oily layer. Cool the mixture,
and remove the separated fatty acids and dissolve them in 75 mL of
ether. To the ether solution add a hot solution of 4 g of lead acetate in
40 mL of alcohol, and allow the mixture to stand for 18 hours. Filter
the supernatant, and transfer the precipitate to the filter with the aid
of ether. Place the precipitate in a mixture of 40 mL of 3N
hydrochloric acid and 20 mL of water, and heat until the oily layer is
entirely clear. Cool, decant the water solution, and boil the fatty acids
with water that has been acidified with hydrochloric acid, until free
from lead. (The fatty acids are free from lead when 100 mg,
dissolved in 10 mL of alcohol, is not darkened by the addition of
2 drops of sodium sulfide TS.) Allow the fatty acids to solidify, and
press them dry between filter papers on a cold surface. Dissolve the
solid fatty acids in 25 mL of 90 percent alcohol, by heating gently,
then cool to 158 and maintain at that temperature until the fatty acids
have crystallized. Filter the separated fatty acids, recrystallize them
from hot 90 percent alcohol, and dry in a vacuum desiccator for 4
hours: the arachidic acid so obtained melts between 738 and 768.

~Peanut Oil exhibits the following fatty acid composition

profile, as determined in the section Fatty Acid Composition

under Fats and Fixed Oils h401i:

Carbon-Chain

Length

Number of Double

Bonds Percentage (%)

514 0 50.1

14 0 50.2

16 0 7.0–16.0

16 1 51.0

18 0 1.3–6.5

18 1 35.0–72.0

18 2 13.0–43.0

18 3 50.6

20 0 0.5–3.0

20 1 0.5–2.1

22 0 1.0–5.0

22 1 50.5

24 0 0.5–3.0

~NF28

Delete the following:

~

Specific gravity h841i: between 0.912 and 0.920.~NF28

Delete the following:

~

Cottonseed oil—Mix 5 mL in a test tube with 5 mL of a mixture of
equal volumes of amyl alcohol and a 1 in 100 solution of sulfur in
carbon disulfide, warm the mixture carefully until the carbon
disulfide is expelled, and immerse the test tube to one-third of its
length in a boiling, saturated solution of sodium chloride: no reddish
color develops within 15 minutes.~NF28
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Delete the following:

~

Solidification range of fatty acids h401i—The dry mixed fatty
acids of it solidify between 268 and 338.~NF28

Delete the following:

~

Free fatty acids h401i—The free fatty acids in 10 g require for
neutralization not more than 2.0 mL of 0.020N sodium hydrox-
ide.~NF28

Add the following:

~Acid value h401i: not more than 0.2.~NF28

Add the following:

~Peroxide value h401i: not more than 5.0.~NF28

Delete the following:

~

Iodine value h401i: between 84 and 100.~NF28

Delete the following:

~

Saponification value h401i: between 185 and 195.~NF28

Delete the following:

~

Refractive index h831i: between 1.462 and 1.464 at 408.~NF28

Change to read:

Heavy metals, Method II h231i:
~not more than~NF28
0.001%.

Add the following:

~Water, Method I h921i: not more than 0.1%. Use 50 mL

of chloroform as the solvent.~NF28

Add the following:

~Alkaline impurities—Mix 10 mL of acetone and 0.3 mL of

water, and add 0.05 mL of bromophenol blue TS. Neutralize

the solution to a green color if necessary with 0.01N

hydrochloric acid or 0.01N sodium hydroxide. Add 10 mL of

Peanut Oil, shake, and allow to stand. Titrate with 0.01N

hydrochloric acid VS to change the color of the upper layer to

yellow: not more than 0.1 mL of 0.01N hydrochloric acid is

required.~NF28

Add the following:

~Other requirements—For Peanut Oil intended for use in

injectable dosage forms, which is specified in the Labeling,

the requirements in the subsection Other Vehicles of the

section of Ingredients under Injections h1i must be met.~NF28

BRIEFING

Polyvinyl Acetate. The proposed new monograph for Polyvinyl
Acetate, which appeared on page 400 of PF 32(2) [Mar–Apr. 2006]
is canceled. On the basis of comments and data received, a new
monograph, based on validated methods of analysis, is being
proposed to replace the former monograph. The gas chromatography
procedure in the test for Limit of vinyl acetate is based on analysis
performed with the J & W Scientific DB-1 brand of G1 column. The
high-performance size exclusion chromatography (HPSEC) proce-
dure in the test for Average molecular weight and molecular weight
distribution is based on analysis performed with the Jordi Associates
Jordi-Gel DVB brand of L## column. In the test for Average
molecular weight and molecular distribution, to accurately calibrate
a column, a relationship between the polymer hydrodynamic volume
and the retention volume, usually termed universal calibration, is
established, then is used in the section Data analysis for sample.

(EM2: H. Wang) RTS—C65855

Add the following:

~Polyvinyl Acetate

(C4H6O2)n

Vinyl acetate homopolymer.

Vinyl acetate resin [9003-20-7].

» Polyvinyl acetate is a thermoplastic polymer,

represented by the formula

(C4H6O2)n
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in which the value of n lies between approximately

100 and 17,000.

Packaging and storage—Preserve in well-closed containers.

No storage requirement specified.

Labeling—Label it to indicate its weight-average molecular

weight, Mw, and polydispersity (Mw/Mn).

USP Reference standards h11i—USP Polyvinyl Acetate RS.

Identification—

A: Dissolve about 100 mg in 2.5 mL of acetone, place

two drops on a potassium bromide plate, and dry to evaporate

the solvent: the IR absorption spectrum of polyvinyl acetate

exhibits maxima corresponding to the same wavelengths as

that of a similar preparation of USP Polyvinyl Acetate RS,

treated in the same manner.

B: Saponify 0.5 g in a mixture of 25.0 mL of 0.5N

alcoholic potassium hydroxide and 25.0 mL of water. The

solution so obtained meets the requirements of the tests for

Acetate h191i.

Acid value h401i—Transfer about 10.0 g of Polyvinyl

Acetate, accurately weighed, to a 250-mL glass-stoppered

conical flask, dissolve in 75 mL of ethylene dichloride, add

60 mL of denatured alcoholic TS, and mix. Add 1 mL of

phenolphthalein TS, and titrate with 0.02 N alcoholic

potassium hydroxide VS until the solution remains faintly

pink after shaking for 30 seconds. Perform a blank

determination, and make any necessary correction. The acid

value is not more than 0.5.

Ester value h401i—Saponify 0.5 g in a mixture of 25.0 mL

of 0.5 N alcoholic potassium hydroxide VS and 25.0 mL of

water. Proceed as directed under Saponification Value h401i,

beginning with ‘‘Heat the flask on a steam bath’’. The ester

value, calculated from the Saponification Value and the Acid

Value, is between 615 and 675.

Loss on drying h731i—Dry 1.5 g at 1008 for 2 hours in a

vacuum: it loses not more than 1.0% of its weight.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: not more than 0.001%.

Residual peroxides—Place 0.85 g in a borosilicate glass

flask with a ground-glass neck. Add 10.0 mL of ethyl acetate,

and heat under a reflux condenser with constant agitation.

Allow to cool. Replace the air in the container with oxygen-

free nitrogen, and add a solution of 1.0 mL of glacial acetic

acid and 0.5 g of sodium iodide in 40.0 mL of water. Shake

thoroughly, and allow to stand protected from light for 20

minutes. Titrate with 0.005N sodium thiosulfate VS until the

yellow color is discharged. Perform a blank titration. The

difference between the titration volumes is not greater than

1.0 mL; and not more than 100 ppm, calculated as hydrogen

peroxide, is found.

Limit of vinyl acetate—

Standard stock solution—Quantitatively dissolve an ac-

curately weighed quantity of vinyl acetate in toluene to obtain

a solution having a concentration of about 1.0 mg per mL.

Standard solutions—Transfer 0.01 mL, 0.03 mL, 0.1 mL,

0.3 mL, and 1.0 mL of Standard stock solution, respectively,

to five identical 100-mL volumetric flasks, dilute the contents

of each flask with toluene to volume, and mix. These

Standard solutions contain, respectively, about 0.1, 0.3, 1, 3,

and 10 mg of vinyl acetate per mL.

Test solution—Transfer about 2.5 g of Polyvinyl Acetate,

accurately weighed, to a 25-mL volumetric flask, dilute with

toluene to volume, and mix well.
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Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a hydrogen flame-

ionization detector, maintained at about 2508, and a 0.32-mm

6 30-m fused-silica capillary column bonded with a 5-mm

layer of phase G1. The injection port is split-injection, with a

split ratio of 8 : 1, and the temperature is maintained at about

1508. The column temperature is maintained at 1008 for 8

minutes, then raised at a rate of 208 per minute. After the

temperature reaches 2508, it is maintained for 5 minutes.

Helium is used as the carrier gas, and the flow rate is

controlled so that the vinyl acetate peak appears after about 7

minutes. Chromatograph the Standard solution containing

about 1 mg of vinyl acetate per mL, and record the peak

responses as directed for Procedure: the relative standard

deviation for replicate injections is not more than 15%.

Procedure—Separately inject equal volumes (about 1 mL)

of the Standard solutions and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Plot the peak responses of the

vinyl acetate in the Standard solutions versus the concentra-

tion, in mg per mL, of vinyl acetate, and draw the straight line

best fitting the five plotted points. From the graph so

obtained, determine the concentration, C, in mg per mL, of

vinyl acetate in the Test solution. Calculate the quantity, in mg,

of vinyl acetate in each g of Polyvinyl Acetate taken by the

formula:

25C /W

in which 25 is the volume, in mL, of the Test solution; and W

is the weight, in g, of Polyvinyl Acetate used to prepare the

Test solution: not more than 5 mg of vinyl acetate per g is

found.

Average molecular weight and molecular weight

distribution—

Caution: Tetrahydrofuran (THF) is considered to be a

carcinogen and embryo–fetal toxic substance. It is also a

peroxide former and is flammable. A safe-handling practice

must be in place in the laboratory. Carefully review

appropriate Material Safety Data Sheets prior to use.

Mobile phase—Tetrahydrofuran inhibited with 250 ppm

butylated hydroxytoluene. Do not sparge or degas.

Standard solutions—Prepare two sets of mixtures, each set

containing five narrow polystyrene standards of different

known molecular weights, totaling 10 narrow polystyrene

standards covering the molecular weight range from about

600 to 3,000,000 g per mol.1 Prepare each set of five narrow

polystyrene standards to have a known concentration at about

0.05% (w/v) for each standard in Mobile phase.

Test solution—Transfer about 0.025 g of polyvinyl acetate,

accurately weighed, to a vial, and add 10 mL of Mobile

phase. Cap and mix well, using an appropriate laboratory

shaker, for 1 hour. Pass the polyvinyl acetate solution through

a polytetrafluoroethylene filter having a porosity of 0.45 mm,

discard an appropriate volume of the initial filtrate, and use

the rest of the filtered solution for analysis.

Chromatographic system (see Chromatography h621i—

The liquid chromatograph is equipped with a refractive index

detector maintained at a temperature of 358, two 10-mm

6 50-cm analytical columns that contain 5-mm packing L##,

and a 10-mm 6 10-cm, 500-Å guard column that contains

packing L##. [NOTE—The analytical column is suitable for

molecular weight ranges from 100 to 10,000,000 g per mol.]

1 Narrow polystyrene standards are available from polymer
laboratories, such as EasiCal, or are available as various individual
polystyrene standards.
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The flow rate is about 1.1 mL per minute. Chromatograph the

Standard solutions, and record the retention volumes (elution

volumes) of the components of the Standard solutions as

directed for Procedure: the resolution, R, between the

polystyrene standards is not less than 1.7.

Procedure—Separately inject equal volumes (about 200

mL)2 of the Standard solutions and the Test solution into the

chromatograph, record the chromatograms, and determine the

elution peak maxima and the corresponding retention

volumes for the 10 polystyrene standards.

Universal calibration—Analyze each polystyrene standard,

and use a data handling system or a suitable gel permeation

chromatography or size exclusion chromatography (GPC/

SEC) software to compute the data and calibration. Construct

the Universal calibration curve as follows, and use it in the

section Data analysis for sample.

Plot log ([Z] �MW) for each polystyrene standard in the

Standard solutions versus its retention volume, V, in mL, at

each standard peak maximum; and construct the best cubic

line fitting the 10 points. In this expression, MW is the

molecular weight, in g per mol, of polystyrene standard; and

[Z] is the intrinsic viscosity of a polymer and is related to

polymer molecular weight (MW), especially viscosity-average

molecular weight, Mv, by the following Mark-Houwink

equation:

[Z] = K � Mv
a

where K and a are constants for a given polymer/solvent

system at a specified temperature.

For polystyrene in THF at 258, K = 0.0128 mL per g, and a

= 0.712.

For polyvinyl acetate in THF at 258, K = 0.025 mL per g,

and a = 0.63.

Based on the Mark-Houwink equation and the fact that Mv

can represent the molecular weight (MW), log([Z] �MW) can

be expressed by the following formula:

logK + (a + 1)log(MW)

where MW can be obtained as Mv, a viscosity-average

molecular weight of polystyrene standard.

Data analysis for sample—Analyze the polyvinyl acetate

sample by identifying retention volumes Va and Vb, corre-

sponding to the beginning and end of the polyvinyl acetate

chromatogram. The baseline between Va and Vb is assumed to

be linear. [NOTE—Draw a straight line between Va and Vb.]

Data analysis is based on the suitable GPC/SEC computer

software or a real-time data acquisition system with either

offline or online data processing that is able to provide a

means of determining chromatographic peak heights or

integrated area segments as prescribed intervals under the

SEC chromatogram and a means of handling and reporting

the data.

The following describes the data processes, which can be

computed either by the GPC/SEC software or by an

equivalent data processing system. Upon acquisition, handle

the data under the polyvinyl acetate elution peak in discrete

segments Ai, integrated area slices, or as digitized chromat-

ogram heights Hi, by recording the vertical displacements

between the chromatogram trace and the baseline at retention

volume, Vi, over designated intervals. A minimum of 40 area

segments or heights is required. Obtain the corresponding

molecular weight value Mi for Polyvinyl Acetate at its

retention volume, Vi, from the Universal calibration curve

obtained in the section Universal calibration, since the

constants K and a for Polyvinyl Acetate are known and given

2 A sample loop of 400 mL and a syringe of 250 mL were used in the
Procedure.
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above. Calculate the number-, weight-, and viscosity-average

molecular weights, Mn, Mw, and Mv, in g per mol, of

polyvinyl acetate, using the following formula:

If the retention volume internal �Vi (for instance, V2 – V1 = V3

– V2, etc.) is constant, parameters Ai and Mi are the

chromatographic peak slice area and the Polyvinyl Acetate

molecular weight associated with the retention volume, Vi;

and N is the number of data points obtained from the

chromatogram between Va and Vb (N�40). [NOTE—If N is

sufficiently large, the use of area segments Ai or peak heights

Hiwill yield equivalent results.]

Calculate the molecular weight distribution or polydisper-

sity for Polyvinyl Acetate, using the following expression:

Mw / Mn

The values of weight-average molecular weight and poly-

dispersity are, respectively, not less than 85% and not more

than 115% of their respective values as stated on the

label.~NF28
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h11i USP Reference Standards, USP 31 page 37, page 3572 of
the First Supplement, pages 553 and 1130 of the Interim Revision An-
nouncement in PF 34(3) [May–June 2008] and in PF 34(5) [Sept.–
Oct. 2008], respectively, page 2022 of PF 29(6) [Nov.–Dec. 2003],
page 1674 of PF 30(5) [Sept.–Oct. 2004], page 507 of PF 31(2)
[Mar.–Apr. 2005], page 1154 of PF 31(4) [July–Aug. 2005], page
1433 of PF 31(5) [Sept.–Oct. 2005], page 1680 of PF 31(6)
[Nov.–Dec. 2005], page 181 of PF 32(1) [Jan.–Feb. 2006], page
407 of PF 32(2) [Mar.–Apr. 2006], page 1161 of PF 32(4) [July–
Aug. 2006], page 95 of PF 33(1) [Jan.–Feb. 2007], page 267 of PF
33(2) [Mar.–Apr. 2007], page 497 of PF 33(3) [May–June 2007],
page 716 of PF 33(4) [July–Aug. 2007], page 981 of PF 33(5)
[Sept.–Oct. 2007], page 1256 of PF 33(6) [Nov.–Dec. 2007], page
142 of PF 34(1) [Jan.–Feb. 2008], page 332 of PF 34(2) [Mar–
Apr. 2008], page 680 of PF 34(3) [May–June 2008], page 1021 of
PF 34(4) [July–Aug. 2008], and page 1230 of PF 34(5) [Sept.–
Oct. 2008].

(HDQ) RTS—C41921; C45044; C45951; C53653; C54061;
C56125; C57567; C57682; C57981; C58420; C59175; C59362;
C59986; C61576; C67278

Add the following:

~

USP Amiodarone Hydrochloride RS.~USP33

Add the following:

~

USP Amiodarone Related Compound D RS

[(2-butylbenzofuran-3-yl)(4-hydroxy-3,5-diiodophenyl)

methanone] (C19H16I2O3 546.14).~USP33

Add the following:

~

USP Amiodarone Related Compound E RS

[(2-Butylbenzofuran-3-yl)(4-hydroxyphenyl) methanone]

(C19H18O3 294.34).~USP33

Add the following:

~

USP Amiodarone Related Compound H RS

[2 - ch l o r o -N,N - d i e t hy l e t h anamine (C 6H 1 4C lN

135.64).~USP33

Add the following:

~

USP Calcium Propionate RS.~USP33

Add the following:

~

USP Glycerin Viscosity RS.~USP33

Add the following:

~

USPMirtazapine ResolutionMixture RS—This resolution

mixture contains approximately 0.1% w/w each of the follow-

ing:

14bRS-2-methyl-1,2,3,4,10,14b-hexahydropyrazino[2,1-

a]pyrido[2,3-c]benzazepine 2-oxide (Impurity A)

[2-[(2RS)-4-methyl-2-phenylpiperazin-1-yl]pyridin-3-

yl]methanol (Impurity B)

(14bRS)-2-methyl-3,4,10,14b-tetrahydropyrazinol[2,1-

a]pyridol[2,3-c][2]benzazepin-1(2H)-one (Impurity C)

(14bRS)-2-methyl-1,3,4,14b-tetrahydropyrazino[2,1-

a]pyrido[2,3-c]benzazepin-10(2H)-one (Impurity F)

0.2% w/w of (2RS)-4-methyl-1-(3-methylpyridin-2-yl)-2-

phenylpiperazine (Impurity E)

0.5% w/w of (14bRS)-1,2,3,4,10,14b-hexahydropyrazi-

no[2,1-a]pyrido[2,3-c][2]benzazepine (Impurity D).~USP33

Add the following:

~

USP Nateglinide RS.~USP33

Add the following:

~

USP Nateglinide Related Compound A RS

[trans-4-isopropylcyclohexylcarboxylic acid] (C10H18O2

170.2).~USP33

Add the following:

~

USP Nateglinide Related Compound B RS

[N-(trans-4-isopropylcyclohexylcarbonyl)-L-phenylalanine]

(C19H27NO3 317.4).~USP33
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Add the following:

~

USP Nateglinide Related Compound C RS

[nateglinide cis-isomer, N-(cis-4-isopropylcyclohexylcarbo-

nyl)-D-phenylalanine] (C19H27NO3 317.4).~USP33

Add the following:

~

USP Oseltamivir Phosphate RS.~USP33

Add the following:

~

USP Oxaliplatin System Suitability RS

[[SP-4-2-(1R-trans)]-(1,2-cyclohexanediamine-N,N’) di-

chloridoplatinum(II)] (C6H14Cl2N2Pt 380.17).~USP33

Change to read:

USP Oxandrolone Related Compound B RS [(anhydro-oxandro-
lone) or (17b-17-dimethyl-2-oxa-18-nor-5a-androstan-3-one)]
~

[(4-oxa-isomer) or (17b-hydroxy-17a-methyl-4-oxa-5a-an-

drostan-3-one)].~USP33

Change to read:

USP Oxandrolone Related Compound C RS [anhydro-oxandro-
lone (17,17-dimethyl-2-oxa-18-nor-5a-androstan-3-one)]
~

[anhydro-oxandrolone or (17,17-dimethyl-18-nor-2-oxa-5a-

androst-13-en-3-one)].~USP33

Add the following:

~

USP Oxycodone Hydrochloride RS.~USP33

Add the following:

~

USP Oxycodone Related Compound A RS

[14-hydroxycodeinone].~USP33

Add the following:

~

USP Oxycodone Related Compound C RS

[codeinone].~USP33

Add the following:

~

USP Polyvinyl Acetate RS.~USP33

Add the following:

~

USP Pyrantel Related Compound A RS

[(Z)-1-methyl-2-(2-(thiophen-2-yl)vinyl)-1,4,5,6-tetrahydro-

pyrimidine(C34H30N2O6S 594.69).~USP33

Add the following:

~

USP Silicone Oil Viscosity RS.~USP33

Add the following:

~

USP Tranexamic Acid RS.~USP33

Add the following:

~

USP Tranexamic Acid Related Compound A RS

[(RS)-4-(aminomethyl)cyclohex-1-enecarbocylic acid]

(C8H13NO2 155).~USP33

Add the following:

~

USP Tributyl Phosphine Oxide RS

(C12H27OP 218.32).~USP33

Delete the following:

~

USP Valrubicin Related Compound A RS [N-trifluoroacetyl-14-
bromodaunorubicin-13,13-dimethylketal]. ~USP33

Add the following:

~

USP Zolpidem RS.~USP33

Add the following:

~

USP Zolpidem Tartrate RS.~USP33

Add the following:

~

USP Zolpidem Related Compound A RS

[N,N,7-trimethyl-2-(4-methylphenyl)imidazo[1,2-a]pyri-

dine-3-acetamide] (C19H21N3O 307.39).~USP33

Add the following:

~

USP Zonisamide RS.~USP33

Add the following:

~

USP Zonisamide Related Compound A RS

[1,2-benzisoxazole-3-methanesulfonic acid sodium salt]

(C8H6NNaO4S 235.19 CAS-[73101-64-1].~USP33
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Physical Tests and
Determinations

BRIEFING

h670i Containers—Auxiliary Packaging Components. A new
general chapter is proposed for auxiliary packaging components that
are used to support or enhance multiple-unit container–closure sys-
tems. The initial content will consist of standards for cotton, rayon,
and polyester pharmaceutical coil used to prevent breakage of tablets
or capsules during shipment. Future additions to the chapter are en-
visaged, ie., desiccant standards.

(P&S: D. Hunt) RTS—C67040

Add the following:

~h670i CONTAINERS—AUXILIARY
PACKAGING COMPONENTS

Auxiliary packaging components are articles that are used to

support or enhance container–closure systems. These articles

include, but are not limited to pharmaceutical coil for con-

tainers. The components covered in this chapter must meet

the applicable requirements provided and the additional appli-

cable requirements provided in other specified chapters.

PHARMACEUTICAL COIL

Pharmaceutical coil is used as a filling material in multiple-

unit containers for solid oral dosage forms to prevent breakage

of tablets or capsules during shipment. The filling material

should be discarded once the bottle is opened.

Solutions

Iodinated Zinc Chloride Solution—Dissolve 20 g of zinc

chloride and 6.5 g of potassium iodide in 10.5 mL of Purified

Water. Add 0.5 g of iodine, and shake for 15 minutes. Filter if

necessary. Protect from light.

Zinc Chloride–Formic Acid Solution—Dissolve 20 g of

zinc chloride in 80 g of an 850 g/L solution of anhydrous for-

mic acid.

1% DuPont Fiber Identification Stain No. 41 Solution—

Dissolve 3.8 g of powdered stain in 378.5 mL of deionized wa-

ter.

Cotton Pharmaceutical Coil

Purified cotton is the hair of the seed of cultivated varieties

of Gossypium hirsutum Linné, or of other species of Gossy-

pium (Fam. Malvaceae). It is deprived of fatty matter and

bleached, and does not contain more than traces of leaf resi-

due, pericarp, seed coat, or other impurities. Cotton pharma-

ceutical coil is used in bottles of solid oral dosage forms to

prevent breakage.

Identification—

A: When examined under a microscope, each fiber is seen

to consist of a single cell, up to about 4-cm long and 40-mm

wide, in the form of a flattened tube with thick and rounded

walls that are often twisted.

B: When treated with Iodinated Zinc Chloride Solution,

the fibers become violet.

C: To 0.1 g of fibers add 10 mL of Zinc Chloride–Formic

Acid Solution, heat to 408, and allow to stand for 2½ hours,

shaking occasionally: the fibers do not dissolve.

D: Weigh about 5 g of fibers, wet with water, and squeeze

out the excess. Add fibers to 100 mL of a boiling solution of a

1% DuPont Fiber Identification Stain No. 4 Solution, and gen-

tly boil for at least 1 minute. Remove the fibers, rinse well in

cold water, and squeeze out the excess moisture: the fibers be-

come green.

Acidity or Alkalinity—Immerse about 10 g of fibers in 100

mL of recently boiled and cooled Purified Water, and allow to

macerate for 2 hours. Decant 25-mL portions of the water,

1 DuPont Fiber Identification Stain No. 4 is available from Pylam
Products Co., 2175 East Cedar Street, Tempe, AZ 85281: www.py-
lamdyes.com.
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with the aid of a glass rod, into each of two dishes. To one

portion add 3 drops of phenolphthalein TS, and to the other

portion add 1 drop of methyl orange TS. Neither portion ap-

pears pink when viewed against a white background.

Fluorescence—Examine a layer about 5 mm in thickness

under UV light at 365 nm. It displays only a slight brown-

ish-violet fluorescence and a few yellow particles. It shows

no intense blue fluorescence, apart from that which may be

shown by a few isolated fibers.

Residual Hydrogen Peroxide Concentration—Place 1 g

of fibers in a beaker containing 30 mL of Purified Water,

and stir for 3 minutes with a stirring rod. Pour contents into

another clean container (do not squeeze sample), or alterna-

tively, remove the fibers from the solution with clean tweezers.

Remove a peroxide analytical test strip2 from its container, and

immerse the test end into the sample liquid for 2 seconds.

Shake to remove the excess liquid, immediately insert the test

strip into a suitable reflectometry instrument, and record the

reading in mg/kg (ppm), and calculate residual hydrogen per-

oxide concentration in ppm.

For an alternate method, place 20 g in a beaker, add 400 mL

of Purified Water, stir, add 20 mL of 20% sulfuric acid, and stir

contents. Titrate with 0.100N potassium permanganate solu-

tion to a faint pink color that remains for 30 seconds. Record

the amount of titer, and calculate the concentration in ppm.

Not more than 50 ppm is found using either method.

Loss on Drying h731i—Dry 5.00 g of fibers in an oven at

1058 to constant weight: it loses not more than 8.0% of its

weight.

Residue on Ignition h281i—Place 5 g of fibers in a porce-

lain or platinum dish, and moisten with 2N sulfuric acid. Gen-

tly heat the cotton until it is charred, then ignite more strongly

until the carbon is completely consumed: not more than 0.20%

of residue remains.

Water-Soluble Substances—Place 10.00 g of fibers in a

beaker containing 1000 mL of Purified Water, and boil gently

for 30 minutes, adding water as required to maintain the vol-

ume. Pour the water through a funnel into another vessel, and

press out the excess water from the cotton with a glass rod.

Wash the cotton in the funnel with two 250-mL portions of

boiling water, pressing the cotton after each washing. Filter

the combined extract and washings, and wash the filter thor-

oughly with hot water. Evaporate the combined extract and

washings to a small volume, transfer to a tared porcelain or

platinum dish, evaporate to dryness, and dry the residue at

1058 to constant weight. The residue weighs not more than

0.35%.

Fatty Matter—Pack 10.00 g of fibers in a Soxhlet extractor

provided with a tared receiver, and extract with ethyl ether for

4 hours at a rate such that the ether siphons over not less than

four times per hour. The ethyl ether solution in the flask shows

no trace of blue, green, or brownish color. Evaporate the ex-

tract to dryness, and dry at 1058 for 1 hour. The weight of the

residue does not exceed 0.50%.

Dyes—Pack about 10 g in a narrow percolator, and extract

slowly with alcohol until the percolate measures 50 mL. When

observed downward through a column 20 cm in depth, the per-

colate may show a yellowish color, but not a blue or a green

tint.

Other Foreign Matter—Pinches contain no oil stains or

metallic particles by visual inspection.

Rayon Pharmaceutical Coil

Rayon pharmaceutical coil is a fibrous form of bleached, re-

generated cellulose, to be used as a filler in bottles of solid oral

dosage forms to prevent breakage.

[NOTE— Rayon pharmaceutical coil has been found to be a

potential source of dissolution problems for gelatin capsules or

gelatin-coated tablets resulting from gelatin cross-linking.]

2 A suitable analysis system consisting of Reflectoquant1 peroxide
test strips and a RQflex1 2 reflectometry instrument may be obtained
from EMD Chemicals Inc., 480 S. Democrat Road, Gibbstown, NJ
08027: www.emdchemicals.com.
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Identification—

A: When treated with Iodinated Zinc Chloride Solution,

the fibers become violet.

B: Add 10 mL of Zinc Chloride–Formic Acid Solution to

0.1 g of fibers, heat to 408, and allow to stand for 2½ hours,

shaking occasionally: the fibers dissolve completely, except

for matt rayon fibers where titanium particles remain.

C: Weigh about 5 g of fibers, wet with water, and squeeze

out the excess. Add fibers to 100 mL of a boiling solution of a

1% DuPont Fiber Identification Stain No. 4 Solution, and gen-

tly boil for at least 1 minute. Remove the fibers, rinse well in

cold water, and squeeze out the excess moisture: the fibers be-

come blue-green.

Acidity or Alkalinity, Fluorescence, Fatty Matter, Dyes,

and Other Foreign Matter—Proceed as directed under Cot-

ton Pharmaceutical Coil, except to use rayon pharmaceutical

coil.

Loss on Drying h731i—Dry 5.00 g of fibers in an oven at

1058 to constant weight: it loses not more than 11.0% of its

weight.

Residue on Ignition h281i: not more than 1.50%, deter-

mined on a 5.00-g test specimen.

Acid-Insoluble Ash—To the residue obtained in the test for

Residue on Ignition, add 25 mL of 3N hydrochloric acid, and

boil for 5 minutes. Collect the insoluble matter on a tared fil-

tering crucible, wash with hot water, ignite, and weigh: the res-

idue weighs not more than 1.25%.

Water-Soluble Substances—Proceed as directed under

Cotton Pharmaceutical Coil, except to use rayon pharmaceu-

tical coil. The residue weighs not more than 1.0%.

Polyester Pharmaceutical Coil

Polyester pharmaceutical coil is a white odorless material, to

be used as a filler in bottles of solid oral dosage forms to pre-

vent breakage.

Identification—

A: Proceed as directed under Infrared Spectroscopy in the

Test Methods section. Determine the IR spectrum from 4000 to

400 cm–1 (2.5 to 25 mm). The spectrum obtained from the spec-

imen exhibits major absorption bands only at the same wave-

lengths as the spectrum of USP Polyester RS.

B: Weigh about 5 g of fibers, wet with water, and squeeze

out excess. Add fibers to 100 mL of a boiling solution of a 1%

DuPont Fiber Identification Stain No. 4 Solution, and gently

boil for at least 1 minute. Remove the fibers, rinse well in cold

water, and squeeze out the excess moisture: the fibers become

pale orange.

Acidity or Alkalinity and Other Foreign Matter —Pro-

ceed as directed under Cotton Pharmaceutical Coil, except

to use polyester pharmaceutical coil.

Loss on Drying h731i—Dry 5.00 g of fibers in an oven at

1058 to constant weight: it loses not more than 0.5% of its

weight.

Residue on Ignition h281i: not more than 0.5%, deter-

mined on a 5.00-g test specimen.

Finish on Fibers—The finish on fibers used for processing

should comply with FDA food contact regulations.

Test Methods

INFRARED SPECTROSCOPY3

Apparatus: FTIR or a double-beam spectrometer capable

of scanning from 4000 to 400 cm–1 (2.5 to 25 mm).

3 Additional information on fiber identification methods may be
found in Standard Test Methods for Identification of Fibers in Textiles
ASTM Method D276-00a, published by ASTM International, 100
Barr Harbor Drive, P.O. Box C700, West Conchohocken, PA
19428-2959. www.astm.org.
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Specimen Preparation—

Method 1 (Potassium Bromide Disk)—Use scissors to cut

polyester fibers (1 to 3 mg) into short lengths (less than 1

mm long), mix with 200 mg of powdered potassium bromide,

and grind in a ball mill for 1 to 2 minutes. Transfer to potas-

sium bromide-disc die, and form a disc.

Method 2 (Melt Film)—Produce film by pressing polyester

fibers between TFE-fluorocarbon sheets and place between

heated plates.~USP33

BRIEFING

h911i Viscosity, USP 31 page 369. As part of USP’s efforts to
modernize and improve monographs and general chapters, the Excip-
ient General Chapters and Excipient Monographs 2 Expert Commit-
tees propose to make the following revisions:
1. Change the chapter title of Viscosity to Newtonian Viscosity.
2. Delete the content in the existing chapter, and replace the con-

tent with completely new text.
3. Create a new general chapter: Non-Newtonian Rheology h912i.

Thus, the previous general chapter, Viscosity h911i, will be re-
placed by Newtonian Viscosity h911i and a new chapter, Non-
Newtonian Rheology h912i.

Newtonian Viscosity h911i mainly covers the applications of cap-
illary viscometers. Non-Newtonian Rheology h912i discusses the ap-
plications of rotational rheometers/viscometers and offers a brief
introduction to some advanced rheometers. Approximately 59
USP–NF monographs will be influenced by the proposed changes.
Interested parties are encouraged to submit comments to Hong

Wang, Ph.D., scientist and liaison to the Excipient General Chapters
and Excipient Monographs 2 Expert Committees (301-816-8351 or
hw@usp.org).

(EGC; EM2: H. Wang) RTS—C59175

Change to read:

h911i

~NEWTONIAN~USP33VISCOSITY

Viscosity is a property of liquids that is closely related to the resis-
tance to flow. It is defined in terms of the force required to move one
plane surface continuously past another under specified steady-state
conditions when the space between is filled by the liquid in question.
It is defined as the shear stress divided by the rate of shear strain. The
basic unit is the poise; however, viscosities commonly encountered
represent fractions of the poise, so that the centipoise (1 poise = 100
centipoises) proves to be the more convenient unit. The specifying of
temperature is important because viscosity changes with temperature;
in general, viscosity decreases as temperature is raised. While on the
absolute scale viscosity is measured in poises or centipoises, for con-
venience the kinematic scale, in which the units are stokes and cen-

tistokes (1 stoke = 100 centistokes) commonly is used. To obtain the
kinematic viscosity from the absolute viscosity, the latter is divided
by the density of the liquid at the same temperature, i.e., kinematic
viscosity = (absolute viscosity)/(density). The sizes of the units are
such that viscosities in the ordinary ranges are conveniently ex-
pressed in centistokes. The approximate viscosity in centistokes at
room temperature of ether is 0.2; of water, 1; of kerosene, 2.5; of min-
eral oil, 20 to 70; and of honey, 10,000.
Absolute viscosity can be measured directly if accurate dimensions

of the measuring instruments are known, but it is more common prac-
tice to calibrate the instrument with a liquid of known viscosity and to
determine the viscosity of the unknown fluid by comparison with that
of the known.
Many substances, such as the gums employed in pharmacy, have

variable viscosity, and most of them are less resistant to flow at higher
flow rates. In such cases, a given set of conditions is selected for mea-
surement, and the measurement obtained is considered to be an ap-
parent viscosity. Since a change in the conditions of measurement
would yield a different value for the apparent viscosity of such sub-
stances, the instrument dimensions and conditions for measurement
must be closely adhered to by the operator.

Measurement of Viscosity—The usual method for measurement
of viscosity involves the determination of the time required for a gi-
ven volume of liquid to flow through a capillary. Many capillary-tube
viscosimeters have been devised, but Ostwald and Ubbelohde visco-
simeters are among the most frequently used. Several types are de-
scribed, with directions for their use, by the American Society for
Testing and Materials (ASTM, D-445). The viscosity of oils is ex-
pressed on arbitrary scales that vary from one country to another,
there being several corresponding instruments. The most widely used
are the Redwood No. I and No. II, the Engler, the Saybolt Universal,
and the Saybolt Furol. Each of these instruments uses arbitrary units
that bear the name of the instrument. Standard temperatures are
adopted as a matter of convenience with these instruments. For the
Saybolt instruments, measurements usually are made at 1008F and
2108F; Redwood instruments may be used at several temperatures
up to 2508F; and values obtained on the Engler instrument usually
are reported at 208C and 508C. A particularly convenient and rapid
type of instrument is a rotational viscosimeter, which utilizes a bob or
spindle immersed in the test specimen and measures the resistance to
movement of the rotating part. Different spindles are available for gi-
ven viscosity ranges, and several rotational speeds generally are
available. Other rotational instruments may have a stationary bob
and a rotating cup. The Brookfield, Rotouisco, and Stormer viscosim-
eters are examples of rotating-bob instruments, and the MacMichael
is an example of the rotating-cup instrument. Numerous other rota-
tional instruments of advanced design with special devices for read-
ing or recording, and with wide ranges of rotational speed, have been
devised.
Where only a particular type of instrument is suitable, the individ-

ual monograph so indicates.
For measurement of viscosity or apparent viscosity, the tempera-

ture of the substance being measured must be accurately controlled,
since small temperature changes may lead to marked changes in vis-
cosity. For usual pharmaceutical purposes, the temperature should be
held to within +0.18.
Procedure for Cellulose Derivatives—Measurement of the vis-

cosity of solutions of the high-viscosity types of methylcellulose is
a special case, since they are too viscous for the commonly available
viscosimeters. The Ubbelohde viscosimeter may be adapted (cf.
ASTM, D-1347) to the measurement of the ranges of viscosity en-
countered in methylcellulose solutions.

Calibration of Capillary-Type Viscosimeters—Determine the
viscosimeter constant, k, for each viscosimeter by the use of an oil
of known viscosity.*

Ostwald-Type Viscosimeter—Fill the tube with the exact amount of
oil (adjusted to 20.0+ 0.18) as specified by the manufacturer. Adjust
the meniscus of the column of liquid in the capillary tube to the level
of the top graduation line with the aid of either pressure or suction.
Open both the filling and capillary tubes in order to permit the liquid

* Oils of known viscosities may be obtained from the Cannon Instrument Co.,
Box 16, State College, PA 16801. For methylcellulose, choose an oil the vis-
cosity of which is as close as possible to that of the type of methylcellulose to
be determined.
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to flow into the reservoir against atmospheric pressure. [NOTE—Fail-
ure to open either of these tubes will yield false values.] Record the
time, in seconds, for liquid to flow from the upper mark to the lower
mark in the capillary tube.

Ubbelohde-Type Viscosimeter—Place a quantity of the oil (adjust-
ed to 20.0+ 0.18) in the filling tube, and transfer to the capillary tube
by gentle suction, taking care to prevent bubble formation in the liq-
uid by keeping the air vent tube closed. Adjust the meniscus of the
column of liquid in the capillary tube to the level of the top graduation
line. Open both the vent and capillary tubes in order to permit the
liquid to flow into the reservoir against atmospheric pressure.
[NOTE—Failure to open the vent tube before releasing the capillary
tube will yield false values.] Record the time, in seconds, for the liq-
uid to flow from the upper mark to the lower mark in the capillary
tube.

Calculations—
Calculate the viscosimeter constant, k, from the equation:

k = v / d t

in which v is the known viscosity of the liquid in centipoises, d is the
specific gravity of the liquid tested at 208/208, and t is the time in
seconds for the liquid to pass from the upper mark to the lower mark.
If a viscosimeter is repaired, it must be recalibrated, since even mi-

nor repairs frequently cause significant changes in the value of its
constant, k.

~

INTRODUCTION

If an external stress is exerted on a fluid, it will flow to a

degree that is determined by internal friction forces and by

the magnitude of the external stress applied. The measure of

resistance to flow is defined as the viscosity of the fluid. The

flow is said to be laminar if imaginary points fixed in the fluid

move smoothly in layers, so that one layer (lamina) slides rel-

ative to another. The coefficient of viscosity, Z, historically

termed the absolute viscosity, is defined by Newton’s law of

viscous flow.

Here, s is the shear stress, defined as the component of stress

that causes successive parallel layers of a material body to

move in their own planes relative to each other; and _�� is the

shear rate, defined as the rate of change of shear strain with

time. It should be noted that although stress and strain are of-

ten used interchangeably, the terms are not used interchange-

ably in rheology: stress is synonymous with force per unit

area, or a system of forces per unit area, while strain refers

to deformation (i.e., a change in shape or size). A fluid is said

to exhibit Newtonian flow if the viscosity is a constant that is

independent of the shear rate or applied shear stress. Given the

temperature dependence of viscosity, the temperature of the

substance being measured should be controlled to within

+0.18.

In general, Newton’s law is obeyed by pure liquids of low

molecular weight and by solutions of low molecular weight

solutes in low molecular weight solvents. However, pure liq-

uids of high molecular weight, solutions containing high mo-

lecular weight solutes, and colloidal dispersions (e.g.,

suspensions and emulsions) do not obey Newton’s law of vis-

cous flow, and are referred to as non-Newtonian substances.

In the International System of Units (SI), the unit of viscos-

ity is the pascal second (Pa � s), which is equivalent to

1 kg �m–1 � s–1 or 10 Poise in the centimeter-gram-second

(cgs) system. The viscosities of most Newtonian fluids are

measured in millipascal seconds (1 Pa � s = 1000 mPa � s, 1

mPa � s = 1 centipoise). Kinematic viscosity, v, relates the vis-

cous force to the inertial force by relating the Newtonian vis-

cosity of a fluid to its density, r, at the same temperature.

� = Z/r (2)

The units of kinematic viscosity in SI units are m2 � s–1 or,

more commonly, mm2 � s–1. [NOTE—1 mm2 � s–1 = 1 centistokes

(cS or cSt). Stokes or centistokes are the units in the cgs sys-

tem for kinematic viscosity.]

METHOD I—MEASUREMENT OF VISCOSITY

USING A CAPILLARY VISCOMETER

The viscosity of a Newtonian fluid is measured by use of

glass capillary viscometers, examples of which are shown in

Figure 1 (Ostwald-type capillary viscometer) and Figure 2

(Ubbelohde-type capillary viscometer). [NOTE—When the

term viscosity is used herein, it refers to absolute or Newtonian
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viscosity.] The latter design, sometimes referred to as the con-

stant- or suspended-level Ubbelohde viscometer, is a more ro-

bust design that is less influenced by temperature variations.

The following illustration is based on Figure 1, and the

same principle is applicable to Figure 2. With the apparatus

in Figure 1, the time, t, is measured for a given volume of flu-

id, V, as defined between lines 1 and 2 of Figure 1, to flow

through a capillary tube having a length equal to L and a radius

equal to r. As long as the density of the fluid, r, is known, the

viscosity can be calculated using the Poiseuille equation:

The applied pressure differential, DP, is defined as

DP = (h1 – h2)gr (4)

in which h1 and h2 are the heights of the fluid in the tube at

lines 1 and 2, respectively, measuring from the same bottom

position, and g is the gravitational acceleration (standard val-

ue, 9.80665 m � s–2). Glass capillary viscometers generally are

categorized as low shear stress instruments because DP is rel-

atively small, and elution times are on the order of a few hun-

dred seconds. The typical ranges for shear stress, s, and shear

rate, _�� (at the wall), are 0.1–15 Pa and 100–20,000 s–1, respec-

tively.

The absolute dimensions of a capillary tube are usually too

difficult to measure. As a result, an empirical calibration is em-

ployed for each viscometer tube. Collecting all the constants in

Equations 3 and 4 into a single viscometer constant, k, yields

the approximate equation for kinematic viscosity.

v = k � t (5)

To determine k, the flow time is measured for a liquid of

known viscosity at a given temperature. This result is used

to calculate the viscometer constant for that particular temper-

ature.

In work requiring a high degree of accuracy, the following

equation is used:

Here, the constant b represents a term based on the geometry

of the viscometer to correct for the kinetic energy effects. This

complete calibration of a viscometer requires the measurement

of the viscosities (at a given temperature) of two reference

standards of different viscosities to determine values for both

constants. However, when a viscometer is chosen so that the

flow time, t, ranges between 200 and 1000 seconds, the kine-

matic energy correction is typically less than 1%, and Equa-

tion 5 may be used to calculate kinematic viscosities from

the flow data.

Once the viscometer constant or constants have been deter-

mined for a given temperature by the use of appropriate refer-

ence fluids such as water, USP Glycerin Viscosity RS, and/or

other appropriate viscosity standards1, the values may be used

until the viscometer is subjected to a mechanical alteration.

Many capillary viscometers have been developed, but the

Ostwald and Ubbelohde viscometers are among the most fre-

quently used. Generally, calibration, operation and cleaning of

viscometers should be performed according to instrument

manufacturers’ recommendations. Capillary viscometers must

be scrupulously clean, and should display no residual ad-

sorbed or particulate organic or inorganic contamination.

The presence of surface contaminants is problematic, especial-

ly because of the fourth-power dependence of capillary flow

on capillary radius.

1 Suitable calibration standards of known viscosities may be obtained
from the Cannon Instrument Company, State College, PA 16803.
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The procedures detailed herein are intended for use with

low- to moderate-viscosity fluids that exhibit Newtonian be-

havior when subjected to shear stress. These procedures are

not suitable for the characterization of non-Newtonian fluids,

and may give erroneous and variable results if used with such

fluids.

Given the small DP attained with glass capillary viscome-

ters, their use in measurements of high-viscosity fluids is im-

practical. Capillary-extrusion viscometers that utilize an

external pressurized gas reservoir or other source of constant

pressure are the only practical capillary instrument alternative

in these instances. In addition, capillary-extrusion viscometers

may allow the operator to vary the shear rate or stress, thus

enabling the characterization of non-Newtonian fluids. This

chapter does not address these devices.

Methods Ia and Ib—Measurement of Viscosity

Ia OSTWALD-TYPE CAPILLARY VISCOMETER

Procedure—Fill the tube with the exact amount of the fluid

to be measured that is appropriate for the viscometer being

used. Carry out the experiment with the tube in an upright po-

sition. Using suction, draw the fluid up through the capillary

tube until the meniscus is at the level of the uppermost grad-

uation. With both the filling and capillary tubes open to atmo-

spheric pressure, record the time, in seconds, required for

liquid to flow from the upper mark to the lower mark in the

capillary tube.

Figure 1. Ostwald-Type Capillary Viscometer

Calibration—Calibrate each viscometer by the use of fluids

of known viscosities such as water, USP Glycerin Viscosity

RS, and/or other appropriate viscosity standards to determine

the viscometer constant, k. The viscosity values of the calibra-

tion standards should be near the expected viscosity value of

the test substance. Determine the viscometer constant at the

same temperature as the substance to be tested.

Calculate the viscometer constant, k, from the equation:

in which Z is the known viscosity of the liquid, in mPa � s, r is

its density, in g per mL, and t is the flow time, in seconds, for

the liquid to pass from the upper mark to the lower mark.

Calculation of viscosity of sample fluid—Use either Equa-

tion 5 or Equation 6 to calculate the kinematic viscosity, v, in

mm2 � s–1, from the flow time. If the density of the fluid is

known at the temperature of the viscosity measurement, then

the viscosity, in mPa � s, is calculated by Equation 8:
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Z = v � r (8)

The flow time of the fluid under examination is given by the

mean of not less than three consecutive determinations. The

result is valid only if two consecutive readings do not differ

by more than 1%.

IbUBBELOHDE-TYPE CAPILLARY VISCOMETER

Procedure—The determination may be carried out with an

Ubbelohde-type capillary viscometer (Figure 2) that has the

specifications described in Table 1.

Table 1

Size Number

Nominal Constant

of Viscometer

(mm2 � s-2)

Kinematic Viscosity

(mm2 � s-1)

Internal

Diameter

of Tube, R

(mm) (+2%)

Volume

of Bulb, C

(mL) (+5%)

Internal

Diameter

of Tube, N

(mm)

1 0.01 3.5–10 0.64 5.6 2.8–3.2

1A 0.03 6–30 0.84 5.6 2.8–3.2

2 0.1 20–100 1.15 5.6 2.8–3.2

2A 0.3 60–300 1.51 5.6 2.8–3.2

3 1.0 200–1000 2.06 5.6 3.7–4.3

3A 3.0 600–3000 2.74 5.6 4.6–5.4

4 10 2000–10,000 3.70 5.6 4.6–5.4

4A 30 6000–30,000 4.07 5.6 5.6–6.4

5 100 20,000–100,000 6.76 5.6 6.8–7.5
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Figure 2. Ubbelohde-Type Capillary Viscometer

Fill the viscometer through tube (L) with a sufficient quan-

tity of the test liquid that has been previously equilibrated to

the specified temperature. Carry out the experiment with the

tube in an upright position. Fill bulb (A) with the liquid, and

also ensure that the level of liquid in bulb (B) is below the exit

to the ventilation tube (M). Immerse the viscometer in a water

bath stabilized at the specified temperature, and control the

temperature to +0.1. Maintain the viscometer in an upright

position for a time period of not less than 30 minutes to allow

the temperature to reach equilibrium. Close tube (M), and raise

the level of the liquid in tube (N) to a level about 8 mm above

mark (E=h1). Keep the liquid at this level by closing tube (N)

and opening tube (M). Open tube (N), and measure the time

required for the level of the liquid to drop from mark (E=h1) to

(F=h2), using an appropriate accurate timing device. [NOTE—

The minimum flow time should be 350 seconds for size no. 1,

and 200 seconds for all other sizes.]

Calibration and Calculation of Viscosity of Sample Flu-

id—Proceed as directed in Method Ia.

METHOD II—MEASUREMENT OF VISCOSITY

USING A ROTATIONAL VISCOMETER

The principle of the method is to measure the force (torque)

acting on a rotor when it rotates at a constant angular velocity

(rotational speed) in a liquid. Rotational viscometers are used

for measuring the viscosity of Newtonian fluids or the appar-

ent viscosity of non-Newtonian fluids. Detailed methods and

procedures for rotational instruments are provided in Non-

Newtonian Rheology h912i. Measurement of Newtonian vis-

cosity can be performed on rotational viscometers/rheometers

following the methods and procedures proposed in Non-New-

tonian Rheology h912i. The calculated viscosity of Newtonian

fluids should be the same (within experimental error), regard-

less of the rate of shear (or rotational speed).~USP33

BRIEFING

h912iNon-Newtonian Rheology—See also briefing under Viscos-
ity h911i. Two Expert Committees, Excipient Monographs 2 and Ex-
cipient General Chapters, propose to add this new general chapter
concurrently with a revision to current chapter h911i, which appears
in this issue of PF. There are 59 monographs affected by this new
general chapter.
Interested parties are encouraged to submit comments to Hong

Wang, Ph.D., scientist and liaison to the Excipient General Chapter
and Excipient Monographs 2 Expert Committees (301–816–8351 or
hw@usp.org).

(EM2; EGC: H. Wang) RTS—C59362

Add the following:

~h912i NON-NEWTONIAN RHEOLOGY

INTRODUCTION

Newton’s law of viscous deformation or flow, described in

Newtonian Viscosity h911i, describes the relationship between

an applied stress, s, and the resultant flow with a rate of shear,

or velocity gradient, of _��. Disperse systems (i.e., suspensions

or emulsions) or fluids containing macromolecular compo-
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nents usually do not follow Newton’s law. These exceptions to

Newtonian behavior are the subject of this chapter. The cate-

gorization of such exceptions into different flow behaviors

such as shear-thinning (pseudoplastic), shear-thickening (dila-

tant), Bingham, etc., is not rigid. Non-Newtonian fluids may

exhibit different rheological behavior, depending on shear

rate, shear stress, and temperature. Time-dependent rheologi-

cal behavior such as rheopexy or thioxtropy is not considered

in this chapter.

The rheological behavior of non-Newtonian matter is evi-

dent when shear stress is plotted as a function of shear rate:

the shear stress–shear rate relationship for Newtonian compo-

sitions is linear and passes through the origin, whereas the

shear stress–shear rate relationship for non-Newtonian fluids

is nonlinear. Rheograms, or flow curves, of some typical

non-Newtonian fluids are contrasted with those of Newtonian

fluids in Figure 1 below.

Figure 1. Rheograms of Newtonian and typical time-

independent non-Newtonian fluids

The rheograms in Figure 1 are all described by the Her-

schel-Bulkley equation:

in which s is the shear stress, in Pa; s0 is the yield stress, in Pa;

_�� is the shear rate, in s–1; K is the consistency coefficient; and n

is the flow behavior index. For Newtonian fluids and Bingham

plastics, K is designated as the viscosity (Z) and plastic viscos-

ity (Zpl), respectively. Since the viscosity of Newtonian fluids

and the plastic viscosity of Bingham plastics are independent

of the shear stress or shear rate, the flow behavior index, n, is

equal to 1 for Newtonian fluids and Bingham plastics. For

shear-thinning fluids, 05 n5 1; for shear-thickening fluids,

15 n 51. Shear thinning can be observed in certain com-

plex solutions such as aqueous hydrocolloid solutions. Dila-

tant behavior generally is exhibited by concentrated

suspensions of nonaggregating monodisperse solid particles

such as mixtures of corn starch and water. At very high viscos-

ities or very low shear stresses, Bingham plastics exhibit a

yield stress, s0, a shear stress below which no apparent defor-

mation occurs (Figure 1). Other non-Newtonian fluids do not

appear to exhibit a yield stress, s0, because flow occurs even at

very low shear stresses. Thus, for non-Bingham bodies, in the

absence of s0, the Herschel-Bulkley equation reduces to the

power law, i.e., the Ostwald-de Waele equation:

Many pharmaceutical macromolecular materials exhibit

non-Newtonian behavior in solution. Although the viscosity

of Newtonian fluids is a constant,

so that Z is independent of shear rate or shear stress, there is no

singular value of viscosity for non-Newtonian fluids because

the viscosity of non-Newtonian fluids varies with shear rate or

shear stress. Accordingly, applying the Newtonian concept of
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viscosity to non-Newtonian fluids is inappropriate: the viscos-

ity value observed for a non-Newtonian fluid is an apparent

viscosity, Zapp, and is a function of the conditions of measure-

ment. As the shear rate or shear stress changes, the apparent

viscosity is likely to change as well. Figure 2 depicts the de-

pendence of Zapp on the shear rate for an aqueous solution of a

typical hydrocolloid.

Figure 2. Log-log plot of the dependence of Zapp on the shear rate for an aqueous solution of a typical hydrocolloid

Figure 2 depicts apparent viscosities, Zapp, ranging from

high values at very low rates of shear to low values at very

high rates of shear. The curve’s asymptotes—corresponding

to the zero-shear viscosity (Z0) and the infinite-shear viscosity

(Z1)—together with the linear log-log region at intermediate

rates of shear, are characteristic of the shear-thinning behavior

of these materials.

During the course of manufacturing, pharmaceuticals con-

taining excipients that exhibit non-Newtonian behavior may

be subjected to very wide ranges of shear rates and shear stres-

ses. Fluid dynamic conditions during drug product storage and

administration and release of the active constituent(s) could

broaden those ranges even further. Thus, for materials that ex-

hibit non-Newtonian behavior in a solution or dispersion, the

rheological profile (rheogram or flow curve) gives a better

functional characterization than does a single viscosity mea-

surement of the apparent viscosity at one shear rate.

Determination of the rheological profiles of non-Newtonian

solutions or dispersions requires the use of a rheometer or a

viscometer capable of measuring rheological behavior over

the range of shear rates and/or shear stresses encompassing

the conditions that the excipient or product is likely to encoun-

ter. The exact mathematical characterization of deformation

and flow of a test substance requires the precise delineation

of sample dimensions, the forces exerted, and the resultant de-

formation or flow. Instruments that enable a thorough, geomet-

rically accurate analysis of deformation and flow to be made

are referred to as absolute rheometers. Such absolute rheome-
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ters are preferred for measurements of non-Newtonian fluids,

so that results can be compared from instrument to instrument

for corresponding ranges of shear stresses and shear rates.

When flow or deformation is not well defined or is indetermi-

nate, the resulting measurements are likely to correspond, at

best, to approximations of the true rheological behavior of

the sample. Rheometers that may provide useful information

about material behavior but do not enable the true rheological

character of the material to be determined are known as rela-

tive rheometers. Results obtained with relative rheometers

generally are not comparable to those obtained with absolute

rheometers or other differently configured relative rheometers.

Relative rheometers are often referred to as viscometers. How-

ever, the term viscometer should be reserved for a subset of

rheometers that measure only steady shear flow and the corre-

sponding apparent Newtonian viscosity.

Capillary viscometers, described in the general chapter

Newtonian Viscosity h911i, typically measure rheological pro-

perties at only one shear rate during one pass of the sample

through the capillary. Given the nonlinearity of the shear

rate–shear stress relationship for non-Newtonian fluids, this

measurement is inadequate unless provisions are made for

flow measurements at multiple rates of shear. Even more prob-

lematic for non-Newtonian fluids is the decrease in shear rate

from the capillary wall to the center of the capillary and the

variation in shear stress with time as the liquid level in the cap-

illary viscometer decreases. Thus, capillary viscometers are in-

herently unsuitable for use in characterizing non-Newtonian

fluids.

Temperature control during the course of measurement is

critical to the rheological evaluation of non-Newtonian fluids.

An Arrhenius-type equation has often been invoked to charac-

terize Newtonian and non-Newtonian flow properties as a

function of temperature:

in which Z (or Zapp) is the Newtonian or apparent non-Newto-

nian viscosity at some absolute temperature T; Zref is the New-

tonian or apparent non-Newtonian viscosity at some reference

temperature Tref; Ea is the activation energy for viscous flow;

and R is the universal gas constant. Activation energies for vis-

cous flow and the constant A are determined from experimen-

tal data. Energy dissipation by viscous flow is a function of

measuring system geometry, temperature control, shear rate,

and shear stress, but it can be especially troublesome at high

shear rates and for fluids that exhibit high apparent viscosity.

Sample temperatures of non-Newtonian fluids should be con-

trolled to +0.18, as is the case for Newtonian viscosity mea-

surements.

METHOD I. MEASUREMENT OF VISCOSITY USING

A ROTATIONAL RHEOMETER

Rotational rheometers represent a superior alternative to

most capillary viscometers for measuring the rheological char-

acteristics of non-Newtonian fluids as long as variations in

shear rate, sample temperature, and edge or end effects can

be minimized. The most common absolute rotational rheome-

ter designs include concentric (coaxial) cylinder, cone-and-

plate, and parallel plate instruments. All of these are available

in models that can provide absolute rheological data—that is,

data that do not require substantial corrections for end or edge

effects, viscous heating, or variations in shear rate or shear

stress in the sample being evaluated. Rotating spindle rheom-

eters—often described as viscometers—are relative rheome-

ters that typically are used to assess apparent viscosity.

Generally, calibration, operation, and cleaning of rheome-

ters should be performed according to the recommendations

of the instrument manufacturer.
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Following are examples of procedures for the most common

types of rheometers: concentric cylinder rheometers, cone-

and-plate rheometers, and spindle rheometers (viscometers).

IA. Concentric Cylinder Rheometers

Procedure—In the concentric cylinder rheometer, the vis-

cosity is determined by placing the liquid in the gap between

the inner cylinder and the outer cylinder. Both controlled-

stress and controlled-rate rotational rheometers are available

commercially in configurations with absolute geometries

(e.g., very small annular gaps between concentric cylinders)

that can provide consistent meaningful rheological data for

non-Newtonian fluids.

Controlled-stress rheometers provide controlled-stress input

and measurement of the resulting shear rate on the rotor axis.

Controlled-rate rheometers provide controlled-shear rate input

and determination of the resultant shear stress, as torque, on

the rotor axis. Concentric cylinder rotational rheometers are

sometimes referred to as cup-and-bob rheometers. These rhe-

ometers involve an additional design consideration depending

on whether the outer cylinder (the cup) or the inner cylinder

(the bob) rotates. Rotating-cup rheometers are called Couette

systems, while rotating-bob rheometers are called Searle sys-

tems, as shown in Figures 3 and 4, respectively.

Place a sufficient quantity of a test solution or fluid in the

rheometer, and allow the sample to reach thermal equilibrium,

as indicated in the individual monograph. Operate the rheom-

eter following the procedure recommended by the instrument

manufacturer. For non-Newtonian systems, the monograph in-

dicates the type of rheometer that should be used and the shear

rates at which the measurements should be made. As noted

above, viscosity should be determined preferably over a range

of shear rates appropriate to the material under test. The pro-

cedure employed to measure the viscosity of the liquid is re-

peated, using different rotational speeds or torques from one

measurement to another. From a series of such viscosity mea-

surements, the relationship between the shear rate and the

shear stress of a non-Newtonian liquid—that is, the flow char-

acteristics of a non-Newtonian liquid—can be obtained.

Figure 3. Couette concentric cylinder system for rotational

rheometry
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Figure 4. Searl concentric cylinder system for rotational

rheometry

Calculation of Shear Rate, Shear Stress, and Viscosity—

For non-Newtonian liquids, it is essential to specify the shear

stress, s, or the shear rate, _�� at which the viscosity is measured.

Under narrow gap conditions (conditions satisfied in absolute

rheometers), the shear rate _�� in s–1, and the shear stress s, in Pa

(N �m–2 or kg �m–1 � s–2), are calculated using equations (4) and

(5) below,

in which RO is the radius, in m, of the outer cylinder; RI is the

radius, in m, of the inner cylinder; o is the angular velocity, in

radians per second; M is the torque, in N �m, acting on the cyl-

inder surface; and h is the height of immersion, in m, of the

inner cylinder in the liquid medium. Generally, the angular ve-

locity can be calculated using equation (6),

in which N is the rotational speed, in revolutions per minute

(rpm).

For laminar flow, the viscosity (or apparent viscosity) Z, in

Pa � s, is given by the following equation:

in which k is the constant of the apparatus, in radians per m3.

Calibration—Rotational rheometers require calibration with

rheological standards appropriate for the shear rate or shear

stress ranges and the nature of the fluid or material under eval-

uation. To determine or confirm the apparatus constant and to

validate the apparatus and operating procedure, perform the

necessary tests beforehand, using fluids of known viscosities

such as water, USP Silicone Oil Viscosity RS, and/or other ap-

propriate viscosity standards.

Since rheological measurements with modern rheometers

are generally computer controlled and the resultant rheological

data are computer interpreted, the software provided by the in-

strument manufacturer must be validated for the specific test

conditions and samples under evaluation.
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IB. Cone-and-Plate Rheometers

Procedure—In the cone-and-plate rheometer, the liquid is

introduced into the gap between a flat disc and a cone forming

a defined angle. Viscosity measurement can be performed by

rotating the cone or the plate, as shown in Figures 5 and 6,

respectively.

Proceed as directed for Procedure in IA. Concentric Cylin-

der Rheometers, starting at ‘‘Place a sufficient quantity of a

test solution or fluid in the rheometer’’.

Figure 5. Cone-and-plate rotational rheometer with rotating

cone

Figure 6. Cone-and-plate rotational rheometer with rotating

plate

Calculation of Shear Rate, Shear Stress, and Viscosity—

The shear rate _�� in s–1, and the shear stress s, in Pa, are calcu-

lated by equations (8) and (9),

in which a is the angle, in radians, between the flat plate and

the cone; R is the radius, in m, of the cone; o is the angular

velocity, in radians per second; and M is the torque, in

N �m, acting on the flat plate or cone surface.

For laminar flow, the viscosity (or apparent viscosity) Z, in

Pa � s, is given by the following equation:

in which k is the constant of the apparatus, in radians per m3.

Pharmacopeial Forum
Vol. 34(6) [Nov.–Dec. 2008] IN-PROCESS REVISION 1547

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Calibration—Proceed as directed for Calibration under IA.

Concentric Cylinder Rheometers.

IC. Spindle Rheometers (Relative Rheometers)—Spindle

Viscometers

Procedure—In the spindle viscometer, the viscosity is de-

termined by rotating a cylinder- or disc-shaped spindle, as

shown in Figures 7 and 8, respectively, immersed in a large

volume of liquid.

Figure 7. Cylinder-shaped spindles

Figure 8. Disc-shaped spindles

Under these test conditions the shear rate varies between the

outer surface of the spindle and the inner surface of the beaker

or cup containing the test substance. As a result, the following

additional information must be described along with the mea-

sured viscosity:

1. Size and geometry of spindle

2. Angular velocity of the spindle

3. Inner dimensions of the test substance container

4. Temperature of the test substance

5. Use of instrument accessories, such as a spindle guard

The preparation of the test specimen, including its temper-

ature equilibration, is specified in each individual monograph.

Follow the instrument manufacturer’s recommendations re-

garding sample loading, spindle selection, and rheometer or

viscometer operation.

Calibration—Select at least two calibration standards with

viscosities that differ by an appropriate value within the vis-

cosity range of the test substance under measurement and in

the range of the viscometer. [NOTE—For some types of these

instruments, a minimum 500 mPa � s is recommended.] Mea-

sure the viscosities of each standard as described above at mul-

tiple rotational speeds.

Aviscometer is deemed to be calibrated if the calculated vis-

cosities are within +5% of the stated values. If the measure-

ments are not made at the temperature at which the stated

Pharmacopeial Forum
1548 IN-PROCESS REVISION Vol. 34(6) [Nov.–Dec. 2008]

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



values are generated, using equation (3), the stated viscosities

should be corrected to the temperature at which the standards

are currently measured.

METHOD II. MEASUREMENTOF VISCOSITY USING

A NONROTATIONAL RHEOMETER

Alternative, nonrotational rheometer procedures for measur-

ing rheological properties of non-Newtonian fluids include slit

rheometers, small amplitude oscillatory shear-based rheome-

ters, and capillary breakup elongational rheometers. Equip-

ment manufacturers generally provide detailed procedures,

and these instruments and methods may be appropriate for

use after users complete characterization and validation stu-

dies for both the equipment and the material under test.~USP33

GENERAL CHAPTERS

General Information

BRIEFING

h1066i Physical Environments That Promote Safe Medication
Use. This proposed new general information chapter describes opti-
mal physical environment guidelines that promote accurate medica-
tion use and improve the performance of persons involved in the
medication use process (e.g., procurement, prescribing, transcribing,
order entry, preparation, dispensing, and administration of medica-
tions) in any practice setting. This chapter focuses on one aspect of
the medication use system: the characteristics of the physical environ-
ment that can promote accurate medication use. Standards are pro-

vided when justified by evidence and expert opinion. Please submit
comments and suggestions to Colleen E. Brennan, R.Ph. at
CYB@usp.org.

(SMU: C. Brennan) RTS—C63644

Add the following:

~h1066i PHYSICAL ENVIRONMENTS
THAT PROMOTE SAFE MEDICATION

USE

PURPOSE OF THIS CHAPTER

The work environment has been identified as one of the

most commonly reported factors contributing to medication

errors reported to the United States Pharmacopeia (USP). This

chapter describes optimal physical environment guidelines

that promote accurate medication use and improve the perfor-

mance of persons involved in the medication use process (e.g.,

procurement, prescribing, transcribing, order entry, prepara-

tion, dispensing, and administration of medications) in any

practice setting. The accuracy of the medication use system

is the result of interactions between humans, the physical work

environment, equipment employed, and procedures per-

formed. This chapter focuses on one aspect of this system:

the characteristics of the physical environment that can pro-

mote accurate medication use. Standards are provided when

justified by evidence and expert opinion.

FACTORS TO CONSIDER WHEN ASSESSING

PHYSICAL ENVIRONMENT NEEDS

There are five work system elements that interact and have

an influence on each other, and may affect the importance of

meeting the physical environment standards.

(1) What are the characteristics of the individual performing

the work (e.g., visual and hearing acuity, age, experience

level, distractibility, and level of attention)? Humans vary

in their responses to the physical environment. Therefore,

Pharmacopeial Forum
Vol. 34(6) [Nov.–Dec. 2008] IN-PROCESS REVISION 1549

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



the ideal is to make it possible to modify the physical en-

vironment on an individual basis, so it can be adapted to

match the needs of the current user in a way that will op-

timize the accuracy of their performance.

(2) What tasks are performed, and what characteristics of

these tasks contribute to unsafe patient care? Are there op-

portunities for workarounds and overrides, which may be

used if the worker is pressured by excessive workload or

interruptions?

(3) What tools and technologies are used to perform the tasks,

and do they affect the likelihood of medication errors?

Are the tools and technologies readily understandable

and available when needed? Is a bar code verification sys-

tem present? Automated medication dispensing devices?

Electronic medication administration records (eMAR)?

Unit-dose packaging? Ready access to patient- and med-

ication-related clinical information? Are tools and tech-

nologies user-friendly? Have they passed usability tests,

and failure mode and effects analysis (FMEA)?

(4) What aspects of the physical environment promote safety

or, conversely, serve as sources of error?

(5) What in the organization prevents or allows exposure to

hazard, and what promotes or hinders patient safety?

Because of their interrelatedness, work design should con-

sider all these elements. Whenever one work element changes,

there will be implications for the other elements (10). This

general chapter focuses on recommendations for the physical

environment.

PHYSICAL ENVIRONMENT GUIDELINES FOR

MEDICATION SAFETY ZONES

Sensory interference, such as extreme temperatures, noise,

poor lighting, glare-producing surfaces, interruptions, and

clutter can interfere with the work of nurses and pharmacists

(40, 7, 14, 15, 16). Similarly, these physical attributes would

be expected to affect the performance of other health profes-

sionals involved in the medication use process.

Methods for Assessing the Physical Environment

An illuminance meter (also referred to as a light level meter

or photometer) is an instrument that consists of a photodetec-

tor and a digital or analog display that measures illuminance in

lux or foot-candles (fc) (24). Illuminance meters should be re-

calibrated annually (25). Lighting levels should be measured

in medication safety zones using point illuminance measure-

ments. The photodetector sensor should be placed in the area

where the critical medication task is performed (e.g., a work

counter inspection location), with the worker standing in a

normal working position when the measurement is taken

(24). Measurements of medication storage areas should in-

clude light levels at the top, middle, and bottom shelves, be-

cause levels depend on the distance from the lighting source.

Photometers are commercially available or management engi-

neers may be able to provide them.

Sound level meters capable of reading from 0 to 200 deci-

bels (dB) (A scale) should be used to measure sound levels.

The meters should be calibrated prior to each use. Measure-

ments are taken by holding the meter away from the body

while standing in a working position, and pointing the meter

at the source of sound.

Illumination

Proper illumination levels can improve both accuracy and

efficiency of performance. Prescription filling accuracy im-

proved significantly from 2.6% to 3.8%, when lighting levels

in a busy outpatient pharmacy were increased from 450–1460

lux (45–146 fc) (7). One study found that pharmacists rating

lighting levels as at least adequate detected significantly more

errors (38%) when filling prescriptions (18). In addition, as vi-

sual fatigue increases over a shift, more light is needed. Phar-

macists using task lights to increase illumination had a 10.7%

reduction in product verification errors (18). Medication errors

due to low lighting may be avoided. For example, one incident

report showed that poor lighting contributed to Patient Con-

trolled Analgesia (PCA) administration tubing that was not
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screwed in tightly to the base, causing medicine to run onto the

floor. This resulted in uncontrolled patient pain (23). A study

of lighting in a retail pharmacy detected an error in strength

and dosage form on the same prescription: dicyclomine 10-

mg capsules were used to fill a prescription for 20-mg tablets.

The lighting level for the shelf where the medications were

stored was measured at 22 fc (16).

The recommendations described here consider the level of

task visibility required, the need for speed and accuracy during

medication handling, and worker comfort (27). Architects and

lighting engineers can consult the Illuminating Engineering

Society of North America (IESNA) reference ‘‘Lighting for

Hospitals and Healthcare Facilities’’ for details about lighting

medication areas (25). It is important to note that the illumi-

nance levels recommended in the IESNA reference are below

those listed in this standard, which are based on evidence of

relationships between lighting levels and medication errors.

Fluorescent cool white deluxe lamps or compact fluorescent

lamps are recommended, because they have a color rendering

index of 80 or more (24, 25). Fluorescent lamps also have a

high efficacy, and emit more lumens per watt than incandes-

cent lamps (25).

Task lighting is required in areas where critical visual tasks

are performed. If task lighting is not available, then workers

can cast shadows on the work space (25). Critical tasks include

reading small print on labels and handwritten prescriptions,

and inspecting medication dosage forms. Because individuals

perceive lighting levels differently, adjustable 50-watt high-in-

tensity task lights are recommended when difficult-to-read

prescriptions and product labels (e.g., unit-dose package la-

bels) are encountered (18). Key healthcare provider work are-

as for which lighting levels are important are computer order

entry (e.g., physicians or pharmacists), prescription filling, in-

spection, and counseling. Illumination levels for computer or-

der entry areas should be at least 750 lux (75 fc), with higher

levels recommended when handwritten orders are read. Light-

ing should be positioned so there is no glare on the computer

monitor that may make it difficult to view the screen ac-

curately (37). Prescription filling areas, inspection stations

(double-checking), and counseling areas should have illumi-

nation levels between 900–1500 lux (90–150 fc) (7, 16).

These standards are all above the minimum of 200 lux (20

fc) for accurate reading of medication labels set by the Amer-

ican Society for Testing and Materials International (ASTM

International). An ASTM International standard prescribes a

legibility test requiring that the name and amount of the drug

on the label be legible in 20 fc of light at a distance of about 20

inches (500 mm) by a person with 20/20 unaided or corrected

vision (3). Lighting levels should be increased where the work

force has an average age beyond 45-years-old to optimize leg-

ibility (general recommendation for treatment of presbyopia,

26). Healthcare providers should also have a magnifying glass

available for labels with very small script, and where low

lighting levels are unavoidable. Using a magnification lens

along with a task light reduced pharmacist product verification

errors by 22% compared to a control group (18).

Key nursing work areas where lighting is important include

the folowing: medication order review, medication selection,

preparation, and administration. These tasks may take place

in one or more locations on the nursing unit, such as the nurs-

ing station where patient charts are stored, the medication

room, or a patient’s room. Transitional lighting is recom-

mended for medication areas in nursing stations to avoid dark

spots and bright spots next to dim areas. Luminance should

enable good color rendering (color rendering index of 80 or

more) to assist with proper medication checking (25). Task

lighting can help achieve appropriate levels of lighting and

should be included on mobile medication carts (including

those used with bar code verification systems). Glare should

be controlled (25).

Illumination levels for medication rooms on nursing units

should be 1000 lux (100 fc) based on the complexity of the
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task and the need for accuracy and speed (24). Lighting level re-

commendations are summarized in Table 1. Lighting levels

can decrease by 25% over a 2-year period, so it is important

that lighting fixtures are cleaned routinely to maintain recom-

mended luminance levels. Burned out or flickering bulbs

should be promptly replaced (25).

Table 1. Lighting Level Recommendations for Healthcare Settings

Illumination Level

Work Area Lux

Foot-Candle

(fc)

Computer order entry (37, p. 408) 1000 100

Handwritten order processing (37, p. 408) 1000 100

Medication filling and checking (pharmacy) (7, 16) 900–1500 90–150

Patient counseling (pharmacy) (7, 16) 900–1500 90–150

Sterile compounding and preparation (7) 1000–1500 100–150

Pharmacy medication storeroom (25) 500 50

Medication preparation area, e.g., nursing station (2) 1000 100

Medication administration work area (e.g., cart surface) (2) 1000 100

Proper lighting is also essential at the point of care. Attempt-

ing to be patient- and family-friendly may run contrary to the

necessary lighting conditions for safe medication administra-

tion. Administration of medication at night under low lumi-

nance to avoid disturbing the patient or family is an example

of an unsafe practice. Task or spot lighting must be available,

so that visual confirmation of the correct patient (reading arm-

band), medication, and administration site is not compro-

mised.

Interruptions and Distractions

Workplace organizers need to be aware of the impact of in-

terruptions and distractions, so that they may design work-

spaces to counter their effects. Nurses frequently cite

distractions and interruptions as contributing to the incidence

of medication errors (43, 44, 23). Interruptions and distrac-

tions have been associated with higher prescription dispensing

error rates in an ambulatory pharmacy (15). According to the

USP MEDMARX Data Report (23), distractions continue to

rank high (45% range) as contributing to medication errors

in hospitals and health systems.

Prevention of interruptions and distractions may be accom-

plished by providing staff with the ability to control their ex-

posure to these disturbances. Workers can be allowed to adjust

features of the medication safety zone to maximize their con-

centration, attention levels, and to optimize their performance.

Individuals have different levels of distractibility, which can

be measured by taking an embedded figures test (paper and

pencil test), or workers can be sensitive to their own need

for a distraction-free work area (15). Heightened worker

awareness of the adverse impact of interruptions and distrac-

tions can help minimize problems. Workers can be trained to

avoid interrupting co-workers for nonurgent reasons, while

they are performing medication-related tasks. Co-workers ask-

ing for assistance were found to be the most frequent source of

interruptions in a pharmacy study (15). Techniques to decrease

interruptions and distractions include visual cues (such as

wearing orange safety vests), physical barriers, and the use

of checklists that assist attention focus or refocus (32).
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Medication safety zones should be located in areas where

the potential for distraction and interruption is minimized.

Sound and Noise

The Environmental Protection Agency recommends peak

sound levels of 45 dB during the day and 35 dB at night

(9). The World Health Organization guidelines state that back-

ground sound levels in a patient room should not exceed 35 dB

(4). Ear protection is required when workers are exposed to

sound levels averaging 90 dB.

The standard for sound levels in medication safety zones is

set at the level of conversation, 50 dBA. This is intended to

ensure that critical verbal information can be heard accurately

(6). Healthcare providers should be sensitive to their individ-

ual need for quiet, depending on the task being performed, and

they should have a quiet area available to promote accurate

performance. Total elimination of noise is not feasible or de-

sirable.

Noise is recognized as a serious health hazard to hospital

patients, and it is also recognized as an interference with effec-

tive work performance. While most studies of the effects of

noise in the work environment have been conducted in non-

healthcare settings, noise levels as a contributing factor of

stress for nurses is increasingly being documented. In health-

care facilities, sources of noise can range from overhead pag-

ing systems, equipment alarms, heating, ventilation, air-

conditioning (HVAC) systems, plumbing, and ice machines.

Noise has been cited as one obstacle to the effective perfor-

mance of nurses (19). An in-depth study developed a noise

map of a hospital, and found sound levels of 55 dB, which

is 10 dB above EPA recommendations. Average sound levels

in other hospitals have been measured between 45–68 dB,

with peaks between 85–90 dB (42). A study of sound levels

during shift changes measured 113 dB (11).

The following features may affect accuracy when dispens-

ing medication: predictability; controllability (12); type of task

(simple vs. complex) (5); multi-tasking; distraction due to

noise, which may mask environmental cues and the worker’s

internal voice, used to rehearse and recall important tasks (33,

34). Out of 58 studies, 7 showed that noise improved perfor-

mance, while 29 showed that it impaired performance (17).

Unpredictable but controllable sounds and noise were found

in one study to improve prescription filling accuracy, contrary

to previous research (14). This may indicate that some envi-

ronmental stimuli are needed to maintain proper alertness

and attention of workers.

Noise and other sensory interference can be reduced by em-

ploying activities, tools, and principles developed by a number

of different disciplines, including human factors, ergonomics,

and engineering—many of which are already being used by

some healthcare organizations. The effect of these and other

design characteristics of nursing workspaces on patient out-

comes and facility performance are being studied under a re-

s e a r c h p r o j e c t ( h t t p : / /www. p eb b l e p r o j e c t . o r g /

pebble_data.php) sponsored by The Center for Health Design,

a nonprofit research and advocacy organization, and a network

of 11 healthcare providers (www.pebbleproject.org/

pebble_faq.php). The project reported decreases in medical er-

rors, as well as patient transfers, nosocomial infections, patient

falls, and medication usage (41). Reducing noise by installing

materials that absorb sound, such as ceiling, wall materials,

and carpeting, when permitted by infection control guidelines,

can be accomplished at modest cost. Acoustical engineers can

provide additional methods for noise reduction.

Physical Design and Organization of Work Space

Ergonomic design of the workplace environment can influ-

ence the ability of providers to utilize information and perform

tasks (2). Counter height, height of supplies, and lighting

changes in lower drawers and cabinets that decrease visibility

of products can contribute to errors if improperly adjusted.

The provision of adjustable fixtures can improve efficiency

as well as safety.
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Work counter clutter is an indicator of disorganization and a

lack of sufficient space to perform key tasks. A study found

that more dispensing errors occurred when medication storage

containers were placed on shelves in a cluttered fashion (less

than one inch between distinct drugs) (16). Older workers

have more difficulty discriminating between different items.

(29).

Medication Safety Zone

A medication safety zone is defined as a critical area where

medications are prescribed, orders are entered into a computer

or transcribed onto paper documents, and where medications

are prepared or administered. Examples are the work surface

of a medication cart on a nursing unit, any location where pre-

scribing decisions are made, the work surface of an automated

medication dispensing device, a pharmacy where prescriptions

are inspected, and patient homes where medications are pre-

pared, administered or consumed. The patient’s bedside in a

hospital is an important medication safety zone with unique

challenges.

One medication safety zone is the medication preparation

and administration area, which should be analogous to the

cockpit of an airplane. Information must be readily available

and user-friendly in order to increase ease of information syn-

thesis. Access should be efficient, with materials and records

readily available at the proper sites (i.e., drug information and

patient specific information used to make a decision about

drug administration should be near each other to support fact

finding) (2). Information and components within the space are

arranged according to specific principles that promote correct

choices and decrease distractions when seeking information.

As described in the human factors literature (38), these prin-

ciples include the following:

Importance Principle—Important components should be

placed in convenient locations. This includes information

systems near the medication zone so that lab results, drug

information, vital signs, and pertinent patient information

are readily obtained. Information regarding equipment

function and trouble-shooting is located near or on the

equipment to provide a quick answer to problems.

Frequencies of Use Principle—Items that are used fre-

quently are easily found and accessible. This prevents

‘‘workarounds,’’ in which alternate equipment is used as

a substitute.

Function Principle—Items that are related to a function

are grouped together. Examples include syringes, needles,

and alcohol swabs; and IV tubing and connectors that are

used in preparation of infusions. It is important to ensure

that supply levels are maintained and that product expira-

tion dates are routinely checked.

Sequence of Use Principle—Items are placed in an order

that supports the sequence needed to perform the task cor-

rectly, (e.g., sterile gloves are in or with sterile dressing

kits; needleless connectors are with the IV administration

sets; and epidural medications and epidural supplies are

all in one place).

Bedside medication administration areas should follow the

same design as the centralized medication safety zone. Dis-

tractions are an even greater challenge at the bedside, and mea-

sures should be taken to minimize them whenever possible.

Information and supplies should follow the same principles

and be placed in a noncluttered area with correct lighting.

Sharps containers should be placed within easy reach and

out of high-traffic areas. Each bedside should be standardized

in design, so that information and supplies do not need to be

relocated when moving from one patient bed to another.

The incorporation of lean operation techniques to enhance

desirable, value-added activities and eliminate the undesirable,

often invisible activities that result in waste in the work pro-

cess, is one approach to workspace redesign (1). An efficient

and effective workplace is less conducive to errors. Lean tech-

niques to eliminate waste and save time include the following:

� Visual Controls: keeping work processes and indicators in

view to allow everyone to understand the status of the

work system at a glance.
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� Streamlined Layout: optimizing the sequencing of work

processes through facility design.

� Point-of-Use Storage: locating supplies, equipment, in-

formation, and procedure rules in convenient locations

(31).

Simplifying and standardizing the patient-care environment

and equipment decreases the cognitive load, making slips and

lapses less likely to occur during routine tasks by minimizing

decision and manipulation time (31). Standardization can be

used for facility and room design, medical equipment (e.g.,

IV infusion devices), and medication areas (e.g., medication

delivery and storage of patient-specific medications). Ensuring

ready access to clinical information, both patient-specific and

medication-related, is essential for all areas in which steps in

the medication use process occur.

Medication safety-related tools and technologies, such as

automated medication dispensing devices with point-of-care

bar code verification and an integrated electronic medication

record, can decrease or avert medication errors. Constraint

and forcing functions are an effective means of reducing error,

particularly for high-risk medications and situations. The sim-

plest of these do not require technology. For example, sealing

neuromuscular blockers in an intubation kit lessens the chance

of a paralyzing agent being administered to a patient without a

means of ventilation support. An enteral product that is phys-

ically unable to connect to an intravenous tubing luer lock

connector would avert a wrong route error, even if the nurse

was working in low-light conditions and initially misidentified

the intended route for the tubing. (39).

The availability of medication safety technology is never a

substitute for safe medication practices within a medication

safety zone. Reports have warned of errors due to safety

checks, such as smart infusion pump drug libraries and alarms,

being routinely bypassed. (35).

DEFINITIONS

Working Conditions—Working conditions include the

physical environment, workforce staffing, workflow design,

personal/social factors, and organizational factors (21). The

focus of this general chapter is on how the physical environ-

ment can be designed to improve safe medication use.

Physical Environment—The physical environment con-

sists of the surroundings that can affect one or more human

senses (30).

Distractions—Distractions occur when there is a contin-

uation of work while responding to anything that diverts

or disturbs attention, such as a telephone call or question

from a co-worker (15, 32).

Illumination Level—The illumination level is the rate of

light energy emission falling on an area as measured by a

photometer with an illuminance sensor in lux or foot-can-

dles (fc) (7) and indicates brightness. A lux is a unit of

illuminance, measured in lumens per square meter (28).

A foot-candle (fc) is lumens per square foot (24), and is

also commonly measured by light meters. The term can-

dela replaced foot-candle as the International System (SI)

measure of luminous intensity (25), and represents one lu-

men per steradium (lm/st).

Color Rendering Index (CRI)—The color rendering index

is an expression of how a light source affects the color

appearance of objects or humans compared to how they

would appear under a reference light source (25).

Interruptions—Interruptions are the cessation of produc-

tive activity before a task is completed due to an external-

ly-imposed reason (15).

Noise and Sound—Noise is defined as an auditory stimu-

lus that bears no informational relationship to the task at

hand (8, 14). Sound is a change in volume that has some

informational relationship to the task at hand (14). A quiet

work environment is defined as an area where noise is ab-

sent and the worker is free from disturbance.
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Physical Design and Organization of Work Space—Ac-

curacy of medication preparation may be influenced by

the amount of work space in which a worker can process

one medication order at a time, with only those items in-

volved in the process in the active work area.

Ergonomic Design—Ergonomic design refers to a work

space that accommodates each individual’s capacities

and limitations, allowing them to work safely and effici-

ently (20). This includes an optimum ambient environ-

ment and adjustable furniture.

Crowding—Crowding occurs when multiple workers uti-

lize the same work space, adversely affecting the amount

of space available for each to organize, and also increas-

ing the negative factors of distractions, interruptions and

noise.

Human Factors—Human factors involve the application of

information about human behavior, abilities, capacities, and

limitations to the design of tools, systems, tasks, and environ-

ments that result in safe, productive, comfortable, and effec-

tive human use (37).

Constraint—Constraint is a rule stating under what con-

ditions an action is allowed or prohibited (http://

webmm.ahrq.gov/case.aspx?caseid=93). Constraints are

used in designing procedures or tools to prevent unsafe

practices.

Forcing Function—Forcing function is an aspect of a de-

sign that prevents a target action from being performed, or

that allows its performance only if another specific action

is performed first. Forcing functions need not involve de-

vice design. One of the first forcing functions identified in

healthcare was the removal of concentrated potassium

from hospital units. This was designed to eliminate the

risk of inadvertent preparation of intravenous solutions

with concentrated potassium, an error that has produced

a small but stable numbers of deaths over the years (13).

Medication Safety Zone—The medication safety zone is a

critical area where medications are prescribed, orders are en-

tered into a computer or transcribed onto paper documents, or

where medications are prepared or administered. The charac-

teristics of an optimal physical environment for accurate med-

ication use will apply to medication safety zones.

Lean Production—Lean production is the increase of high-

quality work output, while eliminating waste and decreasing

resources, time, and errors (45).

Workaround—A plan or method to circumvent a problem (as

in computer software) withour eliminating it. See MERRIAM-

WEBSTER ONLINE (www.Merriam-Webster.com) copy-

right 2005 by Merriam-Webster, Incorporated; http://

www.merrian-webster.com/dictionary/workaround

Override—To neutralize the action of (as an automatic con-

trol). See MERRIAM-WEBSTER ONLINE (www.Merriam-

Webster.com) copyright 2005 by Merriam-Webster, Incorpo-

rated; http://www.merriam-webster.com/dictionary/override
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BRIEFING

Chromatographic Reagents, USP 31 page 810, page 3596 of the
First Supplement, and page 1261 of PF 33(6) [Nov.–Dec. 2007]. It is
proposed to make the following updates:
1. Expand the particle size range for L3, L20, L 21, and L46.
2. Include a particle size range for L67.
3. Include some new L designations.
4. Update the possible supplier information for L49.
5. Other changes are editorial.

(HDQ: M. Marques) RTS—C68759; C68158

Chromatographic Reagents

The following list of packings (L), phases (G), and supports (S) is
intended to be a convenient reference for the chromatographer.
[NOTE—Particle sizes given in this listing are those generally
provided. Where other, usually finer, sizes are required, the
individual monograph specifies the desired particle size. Within
any category of packings or phases listed below, there may be a wide
range of columns available. Where it is necessary to define more
specifically the chromatographic conditions, the individual mono-
graph so indicates.]

Change to read:

Packings

L1—Octadecyl silane chemically bonded to porous silica or
ceramic micro-particles, 1.5 to 10 mm in diameter, or a monolithic
silica rod.
L2—Octadecyl silane chemically bonded to silica gel of a

controlled surface porosity that has been bonded to a solid spherical
core, 30 to 50mm in diameter.
L3—Porous silica particles,

~

3 to 10 mm~USP31

~1.5 mm to 10 mm~USP33
in diameter,

~

or a monolithic silica rod.~USP31
L4—Silica gel of controlled surface porosity bonded to a solid

spherical core, 30 to 50mm in diameter.
L5—Alumina of controlled surface porosity bonded to a solid

spherical core, 30 to 50mm in diameter.
L6—Strong cation-exchange packing–sulfonated fluorocarbon

polymer coated on a solid spherical core, 30 to 50mm in diameter.
L7—Octylsilane chemically bonded to totally porous silica

particles, 1.5 to 10 mm in diameter,
~

or a monolithic silica
rod.~USP31
L8—An essentially monomolecular layer of aminopropylsilane

chemically bonded to totally porous silica gel support, 3 to 10 mm in
diameter.
L9—Irregular or spherical, totally porous silica gel having a

chemically bonded, strongly acidic cation-exchange coating, 3 to 10
mm in diameter.
L10—Nitrile groups chemically bonded to porous silica particles,

3 to 10mm in diameter.
L11—Phenyl groups chemically bonded to porous silica particles,

1.5 to 10 mm in diameter.
L12—A strong anion-exchange packing made by chemically

bonding a quaternary amine to a solid silica spherical core, 30 to
50mm in diameter.
L13—Trimethylsilane chemically bonded to porous silica parti-

cles, 3 to 10 mm in diameter.
L14—Silica gel having a chemically bonded, strongly basic

quaternary ammonium anion-exchange coating, 5 to 10 mm in
diameter.

L15—Hexylsilane chemically bonded to totally porous silica
particles, 3 to 10 mm in diameter.
L16—Dimethylsilane chemically bonded to porous silica parti-

cles, 5 to 10mm in diameter.
L17—Strong cation-exchange resin consisting of sulfonated

cross-linked styrene-divinylbenzene copolymer in the hydrogen
form, 7 to 11mm in diameter.
L18—Amino and cyano groups chemically bonded to porous

silica particles, 3 to 10mm in diameter.
L19—Strong cation-exchange resin consisting of sulfonated

cross-linked styrene-divinylbenzene copolymer in the calcium
form, about 9mm in diameter.
L20—Dihydroxypropane groups chemically bonded to porous

silica particles, 5 to 10mm

~3 mm to 10 mm~USP33
in diameter.
L21—A rigid, spherical styrene-divinylbenzene copolymer, 5 to

10mm

~3 mm to 10 mm ~USP33
in diameter.
L22—A cation-exchange resin made of porous polystyrene gel

with sulfonic acid groups, about 10mm in size.
L23—An anion-exchange resin made of porous polymethacrylate

or polyacrylate gel with quaternary ammonium groups, about 10 mm
in size.
L24—A semi-rigid hydrophilic gel consisting of vinyl polymers

with numerous hydroxyl groups on the matrix surface, 32 to 63 mm
in diameter.
[NOTE—Available as YMC-Pack PVA-SIL manufactured by YMC

Co., Ltd. and distributed by Waters Corp. (www.waters.com).]
L25—Packing having the capacity to separate compounds with a

molecular weight range from 100–5000 (as determined by
polyethylene oxide), applied to neutral, anionic, and cationic
water-soluble polymers. A polymethacrylate resin base, cross-
linked with polyhydroxylated ether (surface contained some residual
carboxyl functional groups) was found suitable.
L26—Butyl silane chemically bonded to totally porous silica

particles, 3 to 10 mm in diameter.
L27—Porous silica particles, 30 to 50 mm in diameter.
L28—A multifunctional support, which consists of a high purity,

100 Å, spherical silica substrate that has been bonded with anionic
exchanger, amine functionality in addition to a conventional reversed
phase C8 functionality.
L29—Gamma alumina, reverse-phase, low carbon percentage by

weight, alumina-based polybutadiene spherical particles, 5mm in
diameter with a pore volume of 80 Å.
L30—Ethyl silane chemically bonded to totally porous silica

particles, 3 to 10 mm in diameter.
L31—A hydroxide-selective, strong anion-exchange resin-quater-

nary amine bonded on latex particles attached to a core of 8.5-mm
macroporous particles having a pore size of 2000 Å and consisting of
ethylvinylbenzene cross-linked with 55% divinylbenzene.
L32—A chiral ligand-exchange packing–L-proline copper com-

plex covalently bonded to irregularly shaped silica particles, 5 to
10mm in diameter.
L33—Packing having the capacity to separate dextrans by

molecular size over a range of 4,000 to 500,000 Da. It is spherical,
silica-based, and processed to provide pH stability.
[NOTE—Available as TSKgel G4000 SWxl from Tosoh Bioscience

(www.tosohbioscience.com).]
L34—Strong cation-exchange resin consisting of sulfonated

cross-linked styrene-divinylbenzene copolymer in the lead form,
about 9mm in diameter.
L35—A zirconium-stabilized spherical silica packing with a

hydrophilic (diol-type) molecular monolayer bonded phase having a
pore size of 150 Å.
L36—A 3,5-dinitrobenzoyl derivative of L-phenylglycine cova-

lently bonded to 5-mm aminopropyl silica.
L37—Packing having the capacity to separate proteins by

molecular size over a range of 2,000 to 40,000 Da. It is a
polymethacrylate gel.
L38—A methacrylate-based size-exclusion packing for water-

soluble samples.
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L39—A hydrophilic polyhydroxymethacrylate gel of totally
porous spherical resin.
L40—Cellulose tris-3,5-dimethylphenylcarbamate coated porous

silica particles, 5 to 20 mm in diameter.
L41—Immobilized a1-acid glycoprotein on spherical silica

particles, 5 mm in diameter.
L42—Octylsilane and octadecylsilane groups chemically bonded

to porous silica particles, 5 mm in diameter.
L43—Pentafluorophenyl groups chemically bonded to silica

particles by a propyl spacer, 5 to 10mm in diameter.
L44—A multifunctional support, which consists of a high purity,

60 Å, spherical silica substrate that has been bonded with a cationic
exchanger, sulfonic acid functionality in addition to a conventional
reversed phase C8 functionality.
L45—Beta cyclodextrin bonded to porous silica particles, 5 to

10mm in diameter.
L46—Polystyrene/divinylbenzene substrate agglomerated with

quaternary amine functionalized latex beads, about
~

8 mm to 10 mm~USP32

~9 mm to 11 mm~USP33
in diameter.
L47—High-capacity anion-exchange microporous substrate, fully

functionalized with trimethlyamine groups, 8 mm in diameter.
[NOTE—Available as CarboPac MA1 and distributed by Dionex

Corp. (www.dionex.com).]
L48—Sulfonated, cross-linked polystyrene with an outer layer of

submicron, porous, anion-exchange microbeads, 15 mm in diameter.
L49—A reversed-phase packing made by coating a thin layer of

polybutadiene onto spherical porous zirconia particles, 3 to 10 mm in
diameter.
[NOTE—Available as Zirchrom PBD manufactured by ZirChrom

Separations, Inc., distributed by Alltech, www.Alltechweb.com

~from www.zirchrom.com.]~USP33

L50—Multifunction resin with reversed-phase retention and
strong anion-exchange functionalities. The resin consists of
ethylvinylbenzene, 55% cross-linked with divinylbenzene copoly-
mer, 3 to 15 mm in diameter, and a surface area not less than 350 m2

per g. Substrate is coated with quaternary ammonium functionalized
latex particles consisting of styrene cross-linked with divinylben-
zene.
[NOTE—Available as OmniPac PAX-500 and distributed by

Dionex Corp. (www.dionex.com).]
L51—Amylose tris-3,5-dimethylphenylcarbamate-coated, porous,

spherical, silica particles, 5 to 10 mm in diameter.
[NOTE—Available as Chiralpak AD from Chiral Technologies,

Inc., (www.chiraltech.com).]
L52—A strong cation-exchange resin made of porous silica with

sulfopropyl groups, 5 to 10 mm in diameter.
[NOTE—Available as TSK IC SW Cation

&TSKgel IC-Cation-SW&2S (USP31)
from Tosoh Bioscience (www.tosohbioscience.com).]
L53—Weak cation-exchange resin consisting of ethylvinylben-

zene, 55% cross-linked with divinylbenzene copolymer, 3 to 15 mm
diameter. Substrate is surface grafted with carboxylic acid and/or
phosphoric acid functionalized monomers. Capacity not less than
500 mEq/column.
[NOTE—Available as IonPac CS14 distributed by Dionex Corp.

(www.dionex.com).]
L54—A size exclusion medium made of covalent bonding of

dextran to highly cross-linked porous agarose beads, about 13 mm in
diameter.
[NOTE—Available as Superdex Peptide HR 10/30 from Amersham

Pharmacia Biotech (www.amershambiosciences.com).]
L55—A strong cation-exchange resin made of porous silica

coated with polybutadiene–maleic acid copolymer, about 5 mm in
diameter.
[NOTE—Available as IC-Pak C M/D from Waters Corp. (www.wa-

ters.com).]
L56—Propyl silane chemically bonded to totally porous silica

particles, 3 to 10 mm in diameter.
[NOTE—Available as Zorbax SB-C3 from Agilent Technologies

(www.agilent.com/chem).]

L57—A chiral-recognition protein, ovomucoid, chemically
bonded to silica particles, about 5 mm in diameter, with a pore size
of 120 Å.
[NOTE—Available as Ultron ES-OVM from Agilent Technologies

(www.agilent.com/chem).]
L58—Strong cation-exchange resin consisting of sulfonated

cross-linked styrene-divinylbenzene copolymer in the sodium
form, about &6 to 30 mm&1S (USP31) in diameter.
[NOTE—Available as Aminex HPX-87N from Bio-Rad Laborato-

ries, (2000/01 catalog, #125-0143) www.bio-rad.com.]
L59—Packing having the capacity to separate proteins by

molecular weight over the range of 10 to 500 kDa.

&5 to 7000 kDa.&2S (USP31)
It is spherical (10 mm)

&(5–10 mm),&2S (USP31)
silica-based, and processed to provide hydrophilic characteristics
and pH stability.
[NOTE—Available as TSKgel G3000SW Column (analytical

column) and TSKgel Guard (guard column)

&Column for 7.5 mm SW&2S (USP31)
from Tosoh Bioscience (part numbers 05789 and 05371,

respectively) (www.tosohbioscience.com).]
L60—Spherical, porous silica gel, 10 mm or less in diameter, the

surface of which has been covalently modified with alkyl amide
groups and endcapped.
[NOTE—Available as Supelcosil ABZ

~LC-ABZ~USP33
from Supelco (www.sigmaaldrich.com/supelco).]
L61—A hydroxide selective strong anion-exchange resin consist-

ing of a highly cross-linked core of 13 mm microporous particles
having a pore size less than 10 Å units and consisting of
ethylvinylbenzene cross-linked with 55% divinylbenzene with a
latex coating composed of 85 nm diameter microbeads bonded with
alkanol quaternary ammonium ions (6%).
[NOTE—Available as Ion Pac AS-11 and AG-11 from Dionex

(www.dionex.com).]
L62—C30 silane bonded phase on a fully porous spherical silica,

3 to 15 mm in diameter.
L63—&Glycopeptide teicoplanin linked through multiple covalent

bonds to a 100-Å units spherical silica.
[NOTE—Available as Chirobiotic T from Astec (www.astecusa.-

com).]&1S (USP31)

&L64—Strongly basic anion-exchange resin consisting of

8% cross-linked styrene-divinylbenzene copolymer with a

quartenary ammonium group in the chloride form, 45 to 180

mm in diameter.

[NOTE—A suitable grade is available as AG 1-X8 resin

chloride form from www.discover.bio-rad.com.]

L65—Strongly acidic cation-exchange resin consisting of

8% sulfonated cross-linked styrene-divinylbenzene copoly-

mer with a sulfonic acid group in the hydrogen form, 45 to

250 mm in diameter.

[NOTE—A suitable grade is available as AG 50W-X2 resin

hydrogen form from www.discover.bio-rad.com.]

L66—A crown ether coated on a 5-mm particle size silica

gel substrate. The active site is (S)-18-crown-6-ether.

In
-P

ro
ce

ss
R

ev
is

io
n

# 2008 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
1560 IN-PROCESS REVISION Vol. 34(6) [Nov.–Dec. 2008]



[NOTE—Available as Crownpak CR(+) from Daicel

(www.daicel.com).]&2S (USP31)

~L67—Porous vinyl alcohol copolymer with a C18 alkyl

group attached to the hydroxyl group of the polymer, ~2 mm

to 10 mm in diameter.~USP33

[NOTE—Available as apHera C18 from Supelco

(www.sigma-aldrich.com).]~USP32

~L## (Dalteparin Sodium, anion-exchange Dowex 1X8)—

Strongly basic (type I) anion exchange resin in the chloride

form.

[NOTE—Available as Dowex 1X8.]

L## (Dalteparin Sodium, cation-exchange Dowex

50WX2)—Strong acidic cation exchange resin in the H+

form.

[NOTE—Available as Dowex 50WX2.]~USP33

L## (Glucosamine, Shodex NH2P-50)—Polyamine chem-

ically bonded to cross-linked polyvinyl alcohol polymer, 5

mm in diameter.

NOTE—Available as Shodex NH2P-50 from Shodex

(www.shodex.com).

L## (Trehalose, Sugar KS-801)—Strong cation-exchange

resin consisting of sulfonated cross-linked styrene-divinyl-

benzene copolymer in the sodium form, 6 to 17 ~30~USP31 mm

in diameter.

[NOTE—Available as Sugar KS-801 from Shodex

(www.shodex.com).]

~L## (Ethylhexyl Triazone, Fluofix)—Fluorocarbon chains

chemically bonded to 5-mm spherical silica particles.

[NOTE—Available as Wakopak Fluofix from Wako Pure

Chemical Ind.]

L## (Nateglinide, Sumichiral OA-3300)—(R)-phenylgly-

cine and 3,5-dinitroanaline urea linkage covalently bonded to

silica.

[NOTE—Available as Sumichiral OA-3300, distributed by

www.phenomenex.com.]

L## (Oxaliplatin and Atorvastatin, Chiralcel OC-H)—

Cellulose tris(phenyl carbamate) coated on 5-mm silica.

[ NOTE—Ava i l a b l e a s Ch i r a l c e l OC -H f r om

www.chiracel.com.]

L## (h233i Dimethylaniline, Rtx-35 Amine)—[To come.]

[NOTE—Available as Rtx-35 Amine from www.restek.com.]

L## (Nateglinide, RSpak DE-613)—A rigid, spherical

polymetacrylate, 4 mm to 6 mm in diameter.

[ N O T E—Av a i l a b l e a s RS p a k DE - 6 1 3 f r om

www.shodex.com.]

L## (Polyvinyl Acetate, Jordi-Gel DVB)—A rigid spher-

ical polydivinylbenzene particle, 5 mm to 10 mm in diameter.

[ N OT E—Av a i l a b l e a s J o r d i -G e l DBV f r om

www.jordiflp.com.]~USP33

Phases

G1—Dimethylpolysiloxane oil.
G2—Dimethylpolysiloxane gum.
G3—50% Phenyl-50% methylpolysiloxane.
G4—Diethylene glycol succinate polyester.
G5—3-Cyanopropylpolysiloxane.
G6—Trifluoropropylmethylpolysiloxane.
G7—50% 3-Cyanopropyl-50% phenylmethylsilicone.
G8—80% Bis(3-cyanopropyl)-20% 3-cyanopropylphenylpoly-si-

loxane (percentages refer to molar substitution).
G9—Methylvinylpolysiloxane.
G10—Polyamide formed by reacting a C36 dicarboxylic acid with

1,3-di-4-piperidylpropane and piperidine in the respective mole
ratios of 1.00 : 0.90 : 0.20.
G11—Bis(2-ethylhexyl) sebacate polyester.
G12—Phenyldiethanolamine succinate polyester.
G13—Sorbitol.
G14—Polyethylene glycol (av. mol. wt. of 950 to 1050).
G15—Polyethylene glycol (av. mol. wt. of 3000 to 3700).
G16—Polyethylene glycol compound (av. mol. wt. about 15,000).

A high molecular weight compound of polyethylene glycol with a
diepoxide linker.
[NOTE—Available commercially as Polyethylene Glycol Com-

pound 20M, or as Carbowax 20M, from suppliers of chromato-
graphic reagents.]
G17—75% Phenyl-25% methylpolysiloxane.
G18—Polyalkylene glycol.
G19—25% Phenyl-25% cyanopropyl-50% methylsilicone.
G20—Polyethylene glycol (av. mol. wt. of 380 to 420).
G21—Neopentyl glycol succinate.
G22—Bis(2-ethylhexyl) phthalate.
G23—Polyethylene glycol adipate.
G24—Diisodecyl phthalate.
G25—Polyethylene glycol compound TPA. A high molecular

weight compound of a polyethylene glycol and a diepoxide that is
esterified with terephthalic acid.
[NOTE—Available commercially as Carbowax 20M-TPA from

suppliers of chromatographic reagents.]
G26—25% 2-Cyanoethyl-75% methylpolysiloxane.
G27—5% Phenyl-95% methylpolysiloxane.
G28—25% Phenyl-75% methylpolysiloxane.
G29—3,3’-Thiodipropionitrile.
G30—Tetraethylene glycol dimethyl ether.
G31—Nonylphenoxypoly(ethyleneoxy)ethanol (av. ethyleneoxy

chain length is 30); Nonoxynol 30.
G32—20% Phenylmethyl-80% dimethylpolysiloxane.
G33—20% Carborane-80% methylsilicone.
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G34—Diethylene glycol succinate polyester stabilized with
phosphoric acid.
G35—A high molecular weight compound of a polyethylene

glycol and a diepoxide that is esterified with nitroterephthalic acid.
G36—1% Vinyl-5% phenylmethylpolysiloxane.
G37—Polyimide.
G38—Phase G1 containing a small percentage of a tailing

inhibitor.
[NOTE—A suitable grade is available commercially as ‘‘SP2100/

0.1% Carbowax 1500’’ from Supelco, Inc. (www.sigmaaldrich.com/
supelco).]
G39—Polyethylene glycol (av. mol. wt. about 1500).
G40—Ethylene glycol adipate.
G41—Phenylmethyldimethylsilicone (10% phenyl-substituted).
G42—35% phenyl-65% dimethylpolysiloxane (percentages refer

to molar substitution).
G43—6% cyanopropylphenyl-94% dimethylpolysiloxane (per-

centages refer to molar substitution).
G44—2% low molecular weight petrolatum hydrocarbon grease

and 1% solution of potassium hydroxide.
G45—Divinylbenzene-ethylene glycol-dimethylacrylate.
G46—14% Cyanopropylphenyl-86% methylpolysiloxane.
G47—Polyethylene glycol (av. mol. wt. of about 8000).
G48—Highly polar, partially cross-linked cyanopolysiloxane.

Supports

NOTE—Unless otherwise specified, mesh sizes of 80 to 100 or,
alternatively, 100 to 120 are intended.
S1A—Siliceous earth for gas chromatography has been flux-

calcined by mixing diatomite with Na2CO3 flux and calcining above
9008. The siliceous earth is acid-washed, then water-washed until
neutral, but not base-washed. The siliceous earth may be silanized by
treating with an agent such as dimethyldichlorosilane [NOTE—Unless
otherwise specified in the individual monograph, silanized support is
intended.] to mask surface silanol groups.

S1AB—The siliceous earth as described above is both acid- and
base-washed. [NOTE—Unless otherwise specified in the individual
monograph, silanized support is intended.]
S1C—A support prepared from crushed firebrick and calcined or

burned with a clay binder above 9008 with subsequent acid-wash. It
may be silanized.
S1NS—The siliceous earth is untreated.
S2—Styrene-divinylbenzene copolymer having a nominal surface

area of less than 50 m2 per g and an average pore diameter of 0.3 to
0.4 mm.
S3—Copolymer of ethylvinylbenzene and divinylbenzene having

a nominal surface area of 500 to 600 m2 per g and an average pore
diameter of 0.0075mm.
S4—Styrene-divinylbenzene copolymer with aromatic –O and –N

groups, having a nominal surface area of 400 to 600 m2 per g and an
average pore diameter of 0.0076 mm.
S5—40- to 60-mesh, high-molecular weight tetrafluorethylene

polymer.
S6—Styrene-divinylbenzene copolymer having a nominal surface

area of 250 to 350 m2 per g and an average pore diameter of
0.0091mm.
S7—Graphitized carbon having a nominal surface area of 12 m2

per g.
S8—Copolymer of 4-vinyl-pyridine and styrene-divinylbenzene.
S9—A porous polymer based on 2,6-diphenyl-p-phenylene oxide.
S10—A highly polar cross-linked copolymer of acrylonitrite and

divinylbenzene.
S11—Graphitized carbon having a nominal surface area of 100 m2

per g modified with small amounts of petrolatum and polyethylene
glycol compound.
[NOTE—Commercially available as SP1500 on Carbopack B from

Supelco (www.sigmaaldrich.com/supelco).]
S12—Graphitized carbon having a nominal surface area of 100 m2

per g.
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REFERENCE TABLES

CONTAINERS FOR DISPENSING CAPSULES
AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets,USP 31 page
831, page 3599 of the First Supplement, and page 1320 of PF 34(5)
[Sept.–Oct. 2008].

(HDQ) RTS—C45044; C61741; C41921

The following table is provided as a reminder for the pharmacist
engaged in the typical dispensing situation who already is acquainted
with the Packaging and storage requirements set forth in the individ-
ual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T),
well-closed (W), and light-resistant (LR) specifications applicable
to containers in which the drug that is repackaged should be dis-
pensed.
This table is not intended to replace, nor should it be interpreted as

replacing, the definitive requirements stated in the individual mono-
graphs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Amlodipine Besylate Tablets T, LR&2S (USP32)

Add the following:

~

Arginine Capsules T, LR~USP32

Add the following:

~

Arginine Tablets T, LR~USP32

Add the following:

&Azithromycin Tablets T&2S (USP32)

Add the following:

~

Bicalutamide Tablets T~USP32

Add the following:

&Cabergoline Tablets T, LR&1S (USP32)

Add the following:

&Calcium Citrate Tablets W&1S (USP32)

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

~

Carvedilol Tablets T, LR~USP32

Change to read:

Cefaclor

&Chewable&2S (USP31)

Tablets T

Add the following:

~

Cefdinir Capsules T, LR~USP32

Add the following:

&Clonazepam Orally Disintegrating

Tablets W, LR&1S (USP32)

Add the following:

&Colestipol Hydrochloride Tablets T&2S (USP31)

Add the following:

~

Curcuminoids Capsules W, LR~USP32

Add the following:

~

Curcuminoids Tablets W, LR~USP32

Change to read:

Dantrolene Sodium Capsules
T, LR

&

&2S (USP32)

Add the following:

&Didanosine Tablets for Oral Suspension T&2S (USP31)

Add the following:

&Doxycycline Hyclate Tablets, Delayed-

Release T, LR&1S (USP32)

Add the following:

~

Fenofibrate Capsules W~USP32

Add the following:

~

Flavoxate Hydrochloride Tablets W, LR~USP32

Add the following:

&Fluconazole Tablets W&2S (USP32)
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Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Change to read:

Asian Ginseng Capsules
T, LR

~

~USP32

Add the following:

&Granisetron Hydrochloride Tablets W, LR&2S (USP32)

Add the following:

&Guggul Tablets W, LR&2S (USP32)

Add the following:

&Ivermectin Tablets W&2S (USP31)

Add the following:

&Ivermectin and Pyrantel Pamoate

Tablets T&1S (USP32)

Add the following:

~

Ketoprofen Capsules, Extended-

Release T~USP32

Add the following:

~

Lisinopril and Hydrochlorothiazide

Tablets W~USP32

Add the following:

~

Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR~USP32

Add the following:

&Loratadine Orally Disintegrating

Tablets T&1S (USP32)

Add the following:

&Losartan Potassium Tablets T&2S (USP32)

Add the following:

&Metronidazole Capsules W, LR&1S (USP32)

Add the following:

~

Mirtazapine Orally Disintegrating

Tablets LR~USP32

Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

&Ondansetron Tablets T, LR&2S (USP32)

Add the following:

&Orbifloxacin Tablets T&1S (USP32)

Add the following:

&Orphenadrine Citrate Tablets,

Extended-Release T, LR&1S (USP32)

Add the following:

~

Oseltamivir Phosphate Capsules W~USP33

Add the following:

~

Oxcarbazepine Tablets W~USP33

Add the following:

~

Pantoprazole Sodium Delayed-Release

Tablets T~USP32

Add the following:

&Pilocarpine Hydrochloride Tablets T&1S (USP32)

Add the following:

&Potassium Citrate Tablets W&1S (USP32)

Add the following:

&Raloxifene Hydrochloride Tablets T&2S (USP31)

Add the following:

&Risedronate Sodium Tablets W&2S (USP32)

Add the following:

~

Soy Isoflavones Capsules T, LR~USP32

Add the following:

&Tamsulosin Hydrochloride Capsules T&2S (USP32)

Add the following:

~

Valganciclovir Tablets T~USP32
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Container Specifications for Capsules and Tablets (Continued)

Monograph Title
Container

Specification

Add the following:

&Zinc Citrate Tablets W&1S (USP32)

Add the following:

~

Zolpidem Tartrate W~USP33

BRIEFING

Description and Relative Solubility of USP and NF Articles,
USP 31 page 840, page 3599 of the First Supplement, page 266 of
PF 29(1) [Jan.–Feb. 2003], page 591 of PF 31(2) [Mar.–Apr.
2005], page 1193 of PF 31(4) [July–Aug. 2005], page 188 of PF
32(1) [Jan.–Feb. 2006], page 1053 of PF 33(5) [Sept.–Oct. 2007],
page 1270 of PF 33(6) [Nov.–Dec. 2007], page 166 of PF 34(1)
[Jan.–Feb. 2008], page 450 of PF 34(2) [Mar.–Apr. 2008], page
817 of PF 34(3) [May–June 2008], page 1046 of PF 34(4) [July–
Aug. 2008], and page 1322 of PF 34(5) [Sept.–Oct. 2008].

(HDQ) RTS—C41921; C44704; C45044; C45951; C53851;
C57567; C57981; C58420; C58883; C61576; C62523; C65855;
C67355; C68456

Add the following:

~

Amiodarone Hydrochloride: White or almost white,

fine, crystalline powder. Freely soluble in methylene chloride;

soluble in methanol; very slightly soluble in water; sparingly

soluble in alcohol.~USP33

Add the following:

~

Azithromycin: White or almost white powder. Freely

soluble in anhydrous ethanol and in methylene chloride; prac-

tically insoluble in water.~USP33

Add the following:

~

Calcium Propionate: Occurs as a white crystalline sol-

id. One g dissolves in about 3 mL of water. NF category: An-

timicrobial preservative.~NF28

Add the following:

~

Enzymatically-Hydrolyzed Carboxymethylcellulose

Sodium: White or slightly yellowish or grayish, odorless,

slightly hygroscopic granular or fibrous powder. Soluble in

water; insoluble in alcohol. NF category: Coating agent; sus-

pending and/or viscosity-increasing agent.~NF28

Add the following:

~

Desoxycholic Acid: Occurs as a white, crystalline pow-

der. It is freely soluble in alcohol; soluble in acetone and in

solutions of alkali hydroxides and carbonates; slightly soluble

in chloroform and in ether; and practically insoluble in water.

NF category: Emulsifying and/or solubilizing agent.~NF28

Add the following:

~

Ecamsule: Clear yellow liquid.~USP33

Add the following:

~

Nateglinide: White powder. Freely soluble in methanol

and alcohol; soluble in ether; sparingly soluble in acetonitrile

and in octanol; practically insoluble in water.~USP33

Add the following:

~

Oseltamivir Phosphate: White to off-white powder.

Freely soluble in water; soluble in methanol, in dimethyl sul-

foxide, and in propylene glycol; sparingly soluble in dimeth-

ylformamide; slightly soluble in alcohol; very slightly soluble

in isopropyl alcohol and in polyethylene glycol 400; practical-

ly insoluble in acetonitrile, in acetone, in dichloromethane,

and in n-hexane.~USP33

Change to read:

Peanut Oil: Colorless or pale yellow, oily liquid with a bland
taste. May have a characteristic, nutty odor. Very slightly soluble in
alcohol. Miscible with ether, with chloroform, and with carbon disul-
fide.

~

Specific gravity h841i: between 0.912 and 0.920. Refractive

index h831i: between 1.462 and 1.464 at 408.~NF28

NF category: Solvent; vehicle (oleaginous).
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Add the following:

~

Polyvinyl Acetate: White or off-white powder or color-

less granules or beads. Freely soluble in ethyl acetate; soluble

in alcohol, in acetone, and in chloroform; practically insoluble

in water. It is hygroscopic and swells in water. NF category:

Coating agent; desiccant; tablet binder.~NF28

Change to read:

Ritonavir:

~

White to light tan powder.~USP33

Freely soluble in methanol and in methylene chloride; very slightly
soluble in acetonitrile; practically insoluble in water.

Add the following:

~

Tranexamic Acid: White, crystalline powder. Freely

soluble in water and in glacial acetic acid; practically insoluble

in acetone and in alcohol.~USP33

Add the following:

~

Zolpidem Tartrate: White to off-white powder, hygro-

scopic. Slightly soluble in water; sparingly soluble in metha-

nol; practically insoluble in methylene chloride.~USP33

Add the following:

~

Zonisamide: White to off-white powder. Freely soluble

in dimethylformamide; soluble in methanol.~USP33
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and published in the

Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an item is adopted, it is

published in the USP–NF, its Supplements, or an IRA. Those items that have not yet been adopted are marked as Pending Proposals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Requirements; USP

monographs; Dietary Supplements Monographs; General Chapters; Reference Tables; Excipients; and NFMonographs. Each entry

in the Pending Proposals list contains the monograph title and the citation of the most recent publication of the monograph. Reprints

of PF proposals may be purchased from USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.

� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible for the

proposed revisions. The contact information (phone number and email) for the Scientific Liaison is available in the Staff Di-

rectory section ofHow to Use PF. ForUSP–NF Online subscribers, the name and contact information for the assigned Scientific

Liaison is available in the Auxiliary Information portion of each monograph.
� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chapter of interest.
� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general chapter in the

subject line of the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were pending,

but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e., 34(1) through 34(6)].

Note that canceled proposals may be republished in PF to be considered for future adoption into the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

General Notices (entire General Notices and Requirements revised) 34 1 40

USP Monographs
Acetaminophen—Readily carbonizable substances 34 5 1136
Acetylcysteine—USP Reference standards, Assay 31 3 726
Albendazole—Assay 34 1 69
Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add)
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Sulfate—USP Reference standards, Assay 34 2 242
Albuterol Tablets—Assay 31 3 726
Alfuzosin Hydrochloride (new) 34 1 69
Allopurinol—Related compounds, Limit of hydrazine (add) 34 1 70
Alprazolam—USP Reference Standards, Identification, Loss on drying,
Chromatographic purity (delete), Related compounds (add), Assay

33 5 868

Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable Tablets (new) 29 6 1836
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets—
Title (name change), Defoaming activity (delete)

33 5 870

Alumina, Magnesia, and Simethicone Chewable Tablets (new)—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia, and Simethicone Oral Suspension—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Tablets—
Defoaming activity (delete)

33 5 871

Alumina, Magnesia and Simethicone Chewable Tablets—
Defoaming activity (delete)

33 5 871

Aluminum Acetate Topical Solution—Identification 34 2 242
Aluminum Subacetate Topical Solution—Identification 34 2 242
Amifostine—X-ray diffraction (delete) 34 5 1136
Amiloride Hydrochloride and Hydrochlorothiazide Tablets—Dissolution 33 4 636
Aminophylline—CAS number 34 1 72
Amlodipine Besylate—Chemical information, Definition,
Labeling (add), Water

34 5 1136
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Amlodipine Besylate Tablets (new) 34 5 1137
Amodiaquine Hydrochloride—USP Reference standards, Identification,
Chromatographic purity, Assay

34 2 243

Amodiaquine Hydrochloride Tablets—USP Reference standards,
Identification, Assay

34 3 558

Amphetamine Sulfate—USP Reference standards, Identification,
Chromatographic purity (delete), Related compounds (add),
Organic volatile impurities (delete), Assay

34 4 902

Amphetamine Sulfate Tablets—Identification, Assay 34 4 904
Ampicillin—Definition, USP Reference standards,
Related compounds (add), Assay

34 5 1140

Anastrozole (new) 34 2 244
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Arginine Capsules (new) 33 6 1160
Arginine Tablets (new) 33 6 1161
Aspirin—Readily carbonizable substances 34 5 1143
Atovaquone—Heavy metals, Assay 34 2 247
Atovaquone Oral Suspension—Assay 34 2 247
Atracurium Besylate Injection—Related compounds 34 4 905
Aurothioglucose Injectable Suspension—Bacterial endotoxins (add),

Sterility (add)
34 4 906

Avobenzone—Assay 33 5 872
Azithromycin—USP Reference standards, Limit of related
substances (delete), Related compounds (add)

34 3 559

Azithromycin for Injection (new) 34 3 562
Azithromycin Tablets (new) 34 5 1143
Aztreonam—Definition, Labeling, Identification, Water 33 5 872
Aztreonam for Injection—Assay 34 4 906
Bacitracin—Chemical structure (add), Definition,
Identification, Residue on ignition (add),
Composition (add)

33 5 873

Bacitracin Zinc—Definition, Identification,
Composition (add)

33 5 875

Benzocaine—Readily carbonizable substances 34 5 1147
Benzoic Acid—Readily carbonizable substances 34 5 1147
Betamethasone Oral Solution—Packaging and storage,
Thin-layer chromatographic identification test (delete),
Identification A, B (add), Microbial limits (add),
pH (add), Deliverable volume (add), Related
compounds (add), Assay

34 3 567

Bicalutamide (new) 33 5 876
Bicalutamide Tablets (new) 34 5 1147
Bismuth Subsalicylate Magma—Packaging and storage 33 4 638
Bisoctrizole (new) 32 2 309
Bisoprolol Fumarate Tablets—Dissolution 34 3 570
Bleomycin for Injection—Identification A, B (add),
Other requirements

34 5 1150

Budesonide—Related compounds 34 4 907
Bupivacaine Hydrochloride—CAS number 34 1 75
Bupropion Hydrochloride Extended-Release Tablets—
Related compounds

34 3 570

Buspirone Hydrochloride—Content of chloride 31 3 742
Cabergoline (new) 34 1 75
Cabergoline Tablets (new) 34 3 572
Caffeine—Identification B, Melting range (delete), Readily
carbonizable substances (delete), Other alkaloids (delete)

34 5 1150

Calcitonin Salmon (new) 33 5 878
Calcium Carbonate, Magnesia, and Simethicone Tablets (new)—
Defoaming activity (delete)

33 5 888

Calcium Carbonate, Magnesia, and Simethicone Chewable
Tablets (new)—Defoaming activity (delete)

33 5 888

Camphor—Water 31 3 742
Cefaclor Capsules—Identification, Related compounds, Assay 34 2 248
Cefaclor Chewable Tablets (new) 33 4 641
Cefdinir (new) 33 6 1162
Cefdinir for Oral Suspension (new) 34 1 81
Ceftazidime Injection—USP Reference standards, Pyrogen (delete),
Bacterial endotoxins (add)

34 4 907

Ceftiofur Hydrochloride (new) 34 4 908
Ceftiofur Sodium (new) 34 4 912
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Chloral Hydrate—Readily carbonizable substances 34 5 1150
Chlorhexidine Acetate (new) 34 3 582
Chlorhexidine Gluconate Oral Rinse—Labeling, USP Reference
standards

34 2 250

Chlorhexidine Gluconate Solution—USP Reference standards,
Limit of p-chloroaniline, Assay

34 2 250

Chlorhexidine Hydrochloride (new) 34 3 585
Chloroquine—Assay 34 1 86
Chloroquine Phosphate—USP Reference standards,
Identification, Assay

34 2 251

Chloroquine Phosphate Tablets—USP Reference standards,
Identification, Assay

34 3 587

Ciclopirox—Related compounds 33 4 642
Ciclopirox Olamine—Related compounds 33 4 643
Cilostazol—Loss on drying 34 3 589
Cisapride (new) 34 2 253
Citalopram Hydrobromide—Identification, Related compounds 34 4 917
Anhydrous Citric Acid (Harmonization)—Sulfate 31 3 749
Anhydrous Citric Acid—Readily carbonizable substances 34 5 1150
Citric Acid Monohydrate (Harmonization)—Sulfate 31 3 750
Citric Acid Monohydrate—Readily carbonizable substances 34 5 1151
Citric Acid, Magnesium Oxide, and Sodium Carbonate
Irrigation—USP Reference standards, Assay for citric
acid (delayed implementation to January 1, 2009)

31 2 394

Cladribine—Specific rotation, Related compounds 33 1 49
Climbazole (new) 33 5 891
Clonazepam Orally Disintegrating Tablets (new) 34 2 254
Clopidogrel Tablets—Related compounds 33 1 50
Cloprostenol Injection (new) 34 4 918
Cloprostenol Sodium (new) 34 4 920
Clozapine—USP Reference standards, Identification,
Chromatographic purity (delete), Related compounds (add)

33 5 893

Clozapine Tablets—Uniformity of dosage units (add) 34 3 589
Cocaine—Readily carbonizable substances 34 5 1151
Cocaine Hydrochloride—Readily carbonizable substances 34 5 1151
Codeine—Readily carbonizable substances 34 5 1151
Codeine Sulfate—Readily carbonizable substances 34 5 1151
Colestipol Hydrochloride—Identification 33 5 895
Colestipol Hydrochloride for Oral Suspension—
Identification (add)

33 5 896

Colestipol Hydrochloride Tablets (new) 33 5 896
Cupric Sulfate—Limit of calcium 33 5 898
Cyromazine (new) 33 4 644
Dalteparin Sodium (new) 30 5 1598
Dantrolene Sodium Capsules—Packaging and storage, Dissolution 34 5 1151
Dapsone—Assay 31 3 750
Acellular Dermal Matrix (new) 33 5 898
Desmopressin Nasal Spray Solution (new) 31 4 1059
Dextroamphetamine Sulfate—Definition, USP Reference standards,
Identification, Chromatographic purity (delete), Related
compounds (add), Organic volatile impurities (delete),
Assay

34 4 921

Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclofenac Potassium—Identification 34 1 87
Diclofenac Sodium Delayed-Release Tablets—Identification 31 3 751
Dicyclomine Hydrochloride—Readily carbonizable substances 34 5 1152
Didanosine—USP Reference standards, Related compounds 34 1 87
Didanosine Tablets for Oral Suspension (new) 33 5 903
Dihydroxyaluminum Sodium Carbonate Chewable
Tablets (new)

29 6 1873

Diethylstilbestrol Diphosphate (delete entire monograph) 33 6 1165
Diethylstilbestrol Diphosphate Injection (delete entire monograph) 33 6 1167
Diltiazem Hydrochloride—Definition 33 5 907
Dimenhydrinate—Identification 33 5 907
Dimenhydrinate Injection—USP Reference standards, Identification 33 5 907
Dimethyl Sulfoxide—Definition, Congealing temperature (delete),
Substances darkened by potassium hydroxide (delete), Limit of
dimethyl sulfone (delete), Limit of nonvolatile residue,
Related compounds (add), Assay (add)

34 1 88

Dinoprost Tromethamine Injection (new) 33 5 908
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Dipivefrin Hydrochloride—Assay 34 1 89
Disopyramide Phosphate—Assay 34 1 90
Dopamine Hydrochloride—Readily carbonizable substances 34 5 1152
Doxazosin Mesylate—Assay 34 5 1152
Doxycycline Hyclate Delayed-Release Tablets (new) 34 3 589
Dronabinol—Packaging and storage, Related compounds, Assay 34 1 90
Dyclonine Hydrochloride— Chemical information 33 6 1167
Ecamsule Solution (new) 34 5 1153
Egg Phospholipids (new) 31 3 757
Enalaprilat Injection (new) 34 3 593
Enoxaparin Sodium (new) 33 1 52
Enoxaparin Sodium Injection (new) 33 1 58
Enrofloxacin (new) 34 4 924
Epinephrine—Assay 34 1 91
Erythromycin Pledgets—Identification (add), Other requirements 34 5 1157
Sterile Erythromycin Ethylsuccinate—Identification (add),
Other requirements

34 5 1158

Estradiol—Chemical information, Labeling (add) 33 6 1167
Estradiol Tablets—USP Reference standards, Chromatographic
purity (add)

34 3 596

Estradiol Vaginal Inserts (new) 34 3 597
Estradiol and Norethindrone Acetate Tablets—Dissolution (add),
Uniformity of dosage units (add), Chromatographic
purity, Assay

34 4 928

Conjugated Estrogens—Definition 30 3 840
Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Ethinyl Estradiol Tablets—Disintegration (delete), Dissolution (add) 31 4 1067
Ethionamide—Assay 33 4 648
Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Eucatropine Hydrochloride (delete entire monograph) 33 6 1168
Eucatropine Hydrochloride Ophthalmic Solution (delete entire
monograph)

33 6 1168

Famotidine Injection (new) 32 2 333
Famotidine for Oral Suspension—Uniformity of dosage units 34 5 1158
Fenofibrate (new) 31 3 763
Fenofibrate Capsules (new) 34 2 258
Fenoprofen Calcium—Chromatographic purity 34 3 601
Fentanyl (new) 34 3 602
Fexofenadine Hydrochloride Tablets—Dissolution 34 4 931
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride
Extended-Release Tablets—Labeling, USP Reference standards,
Related compounds, Assay

34 5 1158

Flavoxate Hydrochloride (new) 33 6 1172
Flavoxate Hydrochloride Tablets (new) 34 3 607
Fluconazole Injection (new) 34 2 266
Fluconazole Tablets (new) 34 4 932
Fludarabine Phosphate for Injection—Related compounds 34 4 933
Flurazepam Hydrochloride—Identification 31 3 766
Fluticasone Propionate Cream (new) 34 3 609
Fluticasone Propionate Ointment (new) 34 3 611
Fluvestrant (new) 33 5 99
Formaldehyde Solution—Definition, Labeling (delete),
Content of methanol (add), Assay

33 4 650

Formoterol Fumarate (new) 33 3 402
Foscarnet Sodium (new) 34 1 97
Fosinopril Sodium—Related compounds 34 3 613
Fosphenytoin Sodium—Related compounds, Assay 34 2 270
Gabapentin Tablets—Labeling (add), Dissolution 34 4 934
Glutaral Concentrate—Specific gravity 31 3 766
Glyburide Tablets—Dissolution 33 4 651
Glyburide and Metformin Hydrochloride Tablets—Identification A 34 5 1163
Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride (new) 33 6 1176
Granisetron Hydrochloride Injection (new) 34 4 935
Granisetron Hydrochloride Tablets (new) 34 4 937
Halazone—Readily carbonizable substances 34 5 1163
Haloperidol Decanoate (new) 34 3 614
Heparin Sodium—Definition, Anti-factor Xa activity,
Assay

33 2 238
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Hydrocodone Bitartrate and Homatropine Methylbromide Tablets—
Labeling (add), Dissolution (add)

33 4 654

Hydroxychloroquine Sulfate Tablets—Identification 34 4 940
Hydroxyzine Pamoate—Identification, Residue on ignition,
Heavy metals, Pamoic acid content (delete), Assay

34 2 271

Hydroxyzine Pamoate Capsules—Identification, Assay 34 2 272
Hydroxyzine Pamoate Oral Suspension—Identification, Assay 34 2 273
Hyoscyamine Sulfate—Specific rotation 33 4 659
Ibuprofen—Chromatographic purity 34 4 941
Ibuprofen Tablets—Limit of ibuprofen related compound C 34 4 941
Imipramine Hydrochloride—Melting range (delete) 34 5 1164
Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Human Insulin Isophane Suspension and Human Insulin Injection—
Soluble insulin human content

34 4 941

Iopamidol—Chemical structure, Reference standards, Identification,
Related compounds

33 6 1179

Iopamidol Injection—Assay 33 6 1182
Irbesartan—Limit of azide 34 5 1164
Isopropyl Alcohol—Reference standards 33 6 1182
Isosorbide Mononitrate Extended-Release Tablets—Dissolution 33 4 659
Isotretinoin Capsules—Labeling (add), Dissolution,
Chromatographic purity, Assay

34 4 942

Itraconazole (new) 34 4 947
Ivermectin—Definition 33 5 912
Ivermectin Injection (new) 33 5 913
Ivermectin Paste (new) 33 5 914
Ivermectin Topical Solution (new) 33 5 916
Ivermectin Tablets (new) 34 4 948
Ivermectin and Clorsulon Injection (new) 33 5 921
Ivermectin and Pyrantel Pamoate Tablets (new) 34 2 277
Ketoprofen—USP Reference standards, Chromatographic purity 34 3 617
Ketoprofen Extended-Release Capsules (new) 34 4 951
Lactic Acid—Readily carbonizable substances 34 5 1164
Lamotrigine (new) 34 3 617
Levonorgestrel—USP Reference standards, Chromatographic purity,
Assay

34 3 620

Levorphanol Tartrate—Assay 34 2 280
Levothyroxine Sodium Oral Powder—Identification (add) 34 4 954
Levothyroxine Sodium Tablets—Definition, Identification 34 4 954
Lindane—Assay 34 2 280
Liothyronine Sodium Tablets—Identification 34 4 955
Liotrix Tablets—Identification 34 4 955
Lipid Injectable Emulsion—Definition, Limit of
free fatty acids

34 3 621

Lisinopril Tablets—Dissolution 34 4 956
Lisinopril and Hydrochlorothiazide Tablets (new) 34 4 956
Loratadine Orally Disintegrating Tablets (new) 34 3 624
Loratadine and Pseudoephedrine Sulfate Extended-Release Tablets (new) 32 6 1715
Losartan Potassium—Limit of cyclohexane and isopropyl alcohol (delete) 34 3 626
Losartan Potassium Tablets (new) 34 5 1164
Mafenide Acetate Cream—Identification 34 2 280
Mafenide Acetate for Topical Solution—Content of acetic acid 34 3 627
Magadrate and Simethicone Tablets—Title (name change),
Defoaming activity (delete)

33 5 923

Magaldrate and Simethicone Chewable Tablets (new)
Defoaming activity (delete)

33 5 924

Magnesium Carbonate and Citric Acid for Oral Solution—
USP Reference standards (add), Content of anhydrous
citric acid, Other requirements (delayed implementation
to January 1, 2009)

31 2 419

Magnesium Citrate Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 420

Magnesium Citrate for Oral Solution—USP Reference
standards (add), Content of anhydrous citric acid,
Other requirements (delayed implementation
to January 1, 2009)

31 2 421

Mannitol Injection—Labeling 32 2 263
Meclizine Hydrochloride Tablets—Related compounds, Assay 33 6 1186
Meclocycline Sulfosalicylate—Assay 34 3 627
Meclocycline Sulfosalicylate Cream—Assay 34 3 628
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Mefenamic Acid—Heavy metals 34 2 281
Mefloquine Hydrochloride—Assay 33 4 667
Meradimate—Assay 34 1 100
Mesna (new) 34 5 1168
Methacholine Chloride—Identification, Melting range (delete) 34 3 629
Methotrexate—USP Reference standards, Chromatographic purity 34 3 630
Methoxsalen Capsules—Assay 34 1 101
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylprednisolone—Chromatographic purity, Assay 33 6 1189
Metronidazole—Packaging and storage, USP Reference standards,
Identification, Melting range (delete), Non-basic substances
(delete), Chromatographic purity (delete), Related compounds (add),
Assay

34 3 631

Metronidazole Capsules (new) 34 3 633
Metronidazole Benzoate—USP Reference standards,
Related compounds

31 3 781

Midazolam (new) 34 4 961
Midazolam Injection (new) 34 3 635
Mineral Oil—CAS number (add), Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add),
Neutrality (delete), Acidity (add), Readily carbonizable
substances, Limit of polynuclear compounds, Limit of sulfur
compounds (add)

33 5 962

Mineral Oil, Rectal—Packaging and storage, USP Reference standards
(add), Identification (add), Neutrality (delete),
Acidity (add)

33 5 964

Topical Light Mineral Oil—Packaging and storage,
Labeling, USP Reference standards (add), Identification,
Viscosity, Neutrality and solid paraffin (delete), Acidity (add),
Solid paraffin (add)

33 5 964

Minocycline Periodontal System (new) 34 4 963
Mirtazapine—USP Reference standards, Water, Chromatographic
purity, Assay

34 4 964

Mirtazapine Orally Disintegrating Tablets (new) 33 6 1189
Morantel Tartrate—pH 32 6 1735
Moxifloxacin Hydrochloride (new) 34 5 1170
Moxifloxacin Ophthalmic Solution (new) 34 5 1173
Mupirocin Calcium—Identification, Related compounds, Assay 34 1 101
Mupirocin Cream—Related compounds, Assay 34 2 281
Mupirocin Nasal Ointment (new) 34 4 966
Mycophenolate Mofetil (new) 33 5 924
Naltrexone Hydrochloride—Related compounds 34 2 283
Naphazoline Hydrochloride Ophthalmic
Solution—Assay

33 5 926

Naproxen Delayed-Release Tablets—Drug release 33 6 1192
Niacinamide—Readily carbonizable substances 34 5 1176
Nicotine Transdermal System—Drug release, Assay 33 5 927
Norethindrone Acetate—Chromatographic purity 34 4 969
Norethindrone Tablets—Labeling (add), Disintegration (delete),
Dissolution (add)

33 6 1193

Norethindrone Acetate and Ethinyl Estradiol Tablets—Dissolution 33 3 432
Norethindrone Acetate and Ethinyl Estradiol Tablets—Identification 33 6 1194
Norgestimate and Ethinyl Estradiol Tablets—Assay 34 4 969
Octisalate—Assay 34 4 970
Octocrylene—Identification, Assay 33 5 929
Ofloxacin—Chromatographic purity (delete), Related
compounds (add)

30 4 1274

Olanzapine (new) 34 3 641
Ondansetron Hydrochloride—Limit of ondansetron
related compound D, Assay

32 1 126

Ondansetron Tablets (new) 34 4 971
Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution

33 3 439

Orbifloxacin (new) 34 2 283
Orbifloxacin Tablets (new) 34 2 286
Orlistat Capsules (new) 32 6 1739
Orphenadrine Citrate Extended-Release Tablets (new) 34 3 643
Oxaliplatin (new) 34 4 973
Oxandrolone Tablets—Identification, Assay 33 5 929
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Oxcarbazepine (new) 34 5 1177
Oxytocin—Definition, USP Reference standards,
Identification, Vasopressor activity (delete),
Acetic acid content (add)

34 3 647

Pamidronate Disodium—Alcohol content (delete) 34 5 1179
Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Paricalcitol—Identification, Assay 33 2 252
Paroxetine Hydrochloride—Limit of related compound C,
Limit of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine,
Chromatographic purity, Assay

33 5 932

Paroxetine Tablets—Identification, Uniformity of dosage units, Assay 33 4 672
Pectin—Identification 31 3 783
Penicillamine Capsules—Dissolution 31 2 436
Pentazocine and Acetaminophen Tablets—Title, Assay for pentazocine,
Assay for acetaminophen

33 6 1200

Pentobarbital Sodium—Labeling (add), USP Reference standards,
Other requirements (add)

31 1 73

Pergolide Oral Suspension, Veterinary (new) 34 2 289
Permethrin (new) 32 4 1100
Permethrin Cream (new) 34 1 103
Petrolatum (new)—Harmonization 28 2 569
White Petrolatum (new)—Harmonization 28 2 570
Phenylephrine Hydrochloride—Assay 34 2 291
Phenytoin Chewable Tablets (new) 29 6 1965
Physostigmine—Readily carbonizable substances 34 5 1179
Physostigmine Salicylate—Readily carbonizable substances 34 5 1179
Physostigmine Sulfate—Readily carbonizable substances 34 5 1179
Pilocarpine Hydrochloride—Readily carbonizable substances 34 5 1179
Pilocarpine Hydrochloride Tablets (new) 34 2 291
Pilocarpine Nitrate—Readily carbonizable substances 34 5 1179
Piperacillin and Tazobactam for Injection (new) 34 4 980
Piperazine—USP Reference standards (add), Identification,

Primary amines and ammonia (delete), Chromatographic purity (add)
34 1 105

Piperazine Adipate (new) 33 6 1201
Piperazine Citrate—USP Reference standards (add)
Identification, Primary amines and ammonia (delete)
Chromatographic purity (add), Assay

34 1 106

Piperazine Dihydrochloride (new) 33 6 1202
Piperazine Phosphate (new) 33 6 1204
Polyethlene Glycol 3350 and Electrolytes for Oral Solution—
Reference standards, Assay for potassium and sodium

33 6 1205

Polyvinyl Alcohol—Definition, Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Viscosity,
Residue on ignition, Heavy metals (add), Acid value (add),
Water-insoluble substances, Limit of methanol (methyl alcohol)
and methyl acetate (add)

33 6 1206

Potassium and Sodium Bicarbonates and Citric Acid
Effervescent Tablets for Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 440

Potassium Bitartrate—Heavy metals 34 5 1180
Potassium Bromide Oral Solution, Veterinary (new) 33 5 936
Potassium Citrate Extended-Release Tablets—USP
Reference standards (add), Assay (delayed implementation
to January 1, 2009)

31 2 443

Potassium Citrate and Citric Acid Oral Solution—USP
Reference standards (add), Assay for citrate
(delayed implementation to January 1, 2009)

31 2 444

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Povidone–Iodine—Nitrogen content 33 5 937
Pralidoxime Chloride for Injection—Identification A, B, C (add),
Other requirements

34 5 1180

Pravastatin Sodium—Chromatographic purity, Assay 34 2 294
Pravastatin Sodium Tablets—USP Reference standards,
Related compounds

34 5 1180

Prednisolone Sodium Phosphate—Definition, Free prednisolone (delete)
Related compounds (add), Assay

34 1 108

Primaquine Phosphate—Identification, Assay 33 5 937
Primaquine Phosphate Tablets—Uniformity of dosage units, Assay 33 5 938
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Proguanil Hydrochloride (new) 34 2 296
Promethazine Hydrochloride—USP Reference standards,
Related compounds

32 4 1105

Promethazine Hydrochloride Tablets—USP Reference standards,
Related compounds, Assay

32 4 1107

Propofol Injectable Emulsion (new) 33 6 1208
Propoxycaine and Procaine Hydrochloride and Norepinephrine
Bitartrate Injection—Assay for norepinephrine

34 1 110

Pseudoephedrine Hydrochloride—Definition, USP Reference standards,
Ordinary impurities (delete), Chromatographic purity (add), Assay

34 2 298

Pyrimethamine—Identification, Assay 33 5 939
Quinapril Tablets—Related compounds 34 5 1182
Raloxifene Hydrochloride (new) 33 4 673
Raloxifene Hydrochloride Tablets (new) 33 4 676
Ramipril—Definition, Assay 31 3 787
Ranitidine Hydrochloride—Chromatograpic purity, Assay 34 2 299
Oral Rehydration Salts—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 5 1399

Risedronate Sodium (new) 34 5 1183
Risedronate Sodium Tablets (new) 34 5 1186
Ritonavir—Related compounds 33 4 679
Rocuronium Bromide (new) 34 3 648
Salsalate Tablets—Assay 33 6 1211
Saquinavir Mesylate—Heavy metals 33 5 940
Secobarbital Sodium—Chemical structure, Definition, Identification,
Related compounds (add), Isomer content (delete),
Assay

34 4 984

Sertraline Hydrochloride (new) 34 5 1189
Sevoflurane (new) 33 5 940
Sibutramine Hydrochloride (new) 34 4 986
Simethicone Capsules—Disintegration, Defoaming activity (delete) 33 5 948
Simethicone Emulsion—Assay 34 3 652
Simethicone Oral Suspension—Defoaming activity (delete) 33 5 948
Simethicone Tablets—Disintegration, Defoaming activity (delete) 34 3 652
Simvastatin—Definition, Chromatographic purity 33 5 948
Sodium Bromide Injection, Veterinary (new) 33 5 949
Sodium Bromide Oral Solution, Veterinary (new) 33 5 950
Sodium Chloride—Identification, Loss on drying,
Limit of potassium (postponed indefinitely)

32 2 264

Sodium Fluoride—Assay 34 3 653
Sodium Sulfate—Assay 34 5 1192
Soybean Oil—CAS number (add), Labeling,
Identification (add), Specific gravity (delete),
Refractive index (delete), Heavy metals, Free fatty acids (delete),
Acid value (add), Fatty acid composition, Iodine value (delete),
Saponification value (delete), Cottonseed oil (delete),
Peroxide value, Water (add), Alkaline impurities (add),
Sterol composition (add), Other requirements (add)

34 4 989

Spectinomycin for Injectable Suspension—Identification (add),
Other requirements

34 5 1193

Stavudine—Specific rotation 34 3 653
Streptomycin Injection—Identification (add), Other requirements 34 5 1193
Sucralfate—Identification 33 2 254
Silver Sulfadiazine—Silver content 33 5 951
Sulfadoxine—Identification, Assay 34 2 300
Sulfadoxine and Pyrimethamine Tablets—Assay 34 2 301
Sulfamethazine Granulated—Assay 31 3 797
Sulfasalazine—Identification 34 3 653
Sulfazalazine Tablets—Identification 34 3 653
Tamsulosin Hydrochloride (new) 33 6 1211
Tamsulosin Hydrochloride Capsules (new) 34 5 1193
Tazobactam—Identification, Specific rotation,
Related compounds, Organic volatile
impurities (delete), Assay

34 2 302

Terbinafine Hydrochloride—Melting range 34 5 1197
Terbutaline Sulfate Inhalation Aerosol—USP Reference
standards, Assay

31 2 450

Terconazole (new) 34 4 991
Thiabendazole Chewable Tablets (new) 29 6 1991
Thimerosal—Readily carbonizable substances 34 5 1197
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Thioguanine—USP Reference standards, Identification,
Limit of guanine

34 2 305

Thioridazine Hydrochloride—Identification 31 3 798
Tiagabine Hydrochloride—Chromatographic purity 34 2 306
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tobramycin Inhalation Solution—Identification (add), Osmolarity,
Chromatographic purity, Other requirements (delete), Assay

34 2 307

Topiramate Tablets (new) 34 5 1197
Torsemide—Water 33 6 1213
Tramadol Hydrochloride (new) 34 5 1200
Tramadol Hydrochloride Tablets (new) 31 2 462
Trandolapril (new) 34 2 310
Travoprost (new) 32 4 1115
Travoprost Ophthalmic Solution (new) 32 4 1118
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Triamterine Capsules—USP Reference standards, Related compounds
(add), Assay

34 3 654

Tricitrates Oral Solution—USP Reference standards (add),
Assay for citrate (delayed implementation to January 1, 2009)

31 2 465

Triclosan—Residue on ignition (delete),
Completeness of solution (add), Assay

33 4 681

Tryptophan—Chromatographic purity (add),
Limit of tryptophan related compound A (add)

33 6 1214

Tylosin Injection (new) 34 5 1205
Ursodiol Capsules—Dissolution 31 3 800
Valganciclovir Hydrochloride (new) 33 1 84
Valganciclovir Tablets (new) 33 1 89
Vancomycin Hydrochloride—Labeling (add), USP Reference standards,
Chromatographic purity, Other requirements (add)

34 1 111

Sterile Vancomycin Hydrochloride—(delete the entire monograph) 34 1 112
Vancomycin Hydrochloride for Injection—Definition, Labeling (add),
Identification (add), Water (add), pH (add), Uniformity of
dosage units (add), Chromatographic purity, Assay

34 4 992

Vasopressin—Chemical information, Definition, USP Reference
standards, Oxytocic activity (delete), Water (add), Acetic acid
content (add), Assay

34 4 994

Vasopressin Injection—Assay 34 4 995
Vecuronium Bromide—Related compounds 33 4 682
Verapamil Hydrochloride—Definition 33 5 953
Vinblastine Sulfate for Injection—Identification (add),
Other requirements

34 4 995

Pure Steam (new) 31 2 467
Water for Hemodialysis—Bacterial endotoxins 31 2 468
Sterile Water for Inhalation—pH (delete), Ammonia (delete),
Calcium (delete), Carbon dioxide (delete), Chloride
(delete), Sulfate (delete), Conductivity (add),
Oxidizable substances

31 3 802

Sterile Water for Injection—Oxidizable substances 31 3 803
Sterile Water for Irrigation—Oxidizable substances 31 3 804
Sterile Purified Water—Oxidizable substances 31 3 804
Xylose—USP Reference standards, Identification, Chromatographic
purity, Assay

34 4 995

Zidovudine—Assay 34 3 656
Zidovudine Capsules—Related compounds, Assay 34 3 657
Zidovudine Injection—Related compounds, Assay 34 3 658

Dietary Supplements Monographs
Acesulfame Potassium—Packaging and storage (add),
Limit of fluoride

31 3 811

Powdered Bilberry Extract (new) 33 4 685
Calcium Citrate Tablets (new) 34 2 312
Chamomile—Definition, Identification, Microbial enumeration,
Absence of specified microorganisms (add), Volatile oil content,
Content of apigenin-7-glucoside, Content of bisabolan derivatives

33 4 688

Curcuminoids (new) 33 6 1215
Curcuminoids Capsules (new) 33 6 1217
Curcuminoids Tablets (new) 33 6 1218
Fish Oil Containing Omega-3 Acids—Content of EPA and DHA 34 5 1207
Asian Ginseng Capsules (new) 30 2 571
Glucosamine Hydrochloride—Specific rotation, Assay 33 4 691
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Glucosamine Sulfate Potassium Chloride—Identification, Specific
rotation, Residue on ignition, Assay

33 4 692

Glucosamine Sulfate Sodium Chloride—Identification, Specific rotation,
Residue on ignition, Assay

33 4 692

Glutamic Acid (new) 34 4 997
Grape Seeds Oligomeric Proanthocyanidins (new) 34 3 659
Powdered Decaffeinated Green Tea Extract (new) 33 6 1220
Guggul (new) 34 4 1000
Native Guggul Extract (new) 34 4 1002
Purified Guggul Extract (new) 34 4 1003
Guggul Tablets (new) 34 4 1004
Hawthorn Leaf with Flower—Labeling 34 5 1209
Powdered Hawthorn Leaf with Flower—Labeling 34 5 1209
Ground Limestone (new) 34 4 998
Alpha Lipoic Acid—Limit of 6,8-epitrithiooctanoic acid (delete),
Limit of polymer content (delete), Chromatographic
purity (add), Assay

34 5 1209

Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Omega-3 Acid Triglycerides (new) 34 3 662
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Potassium Citrate Tablets (new) 34 2 313
Sodium Benzoate—USP Reference standards (add),
Identification

31 3 818

Powdered Soy Isoflavones Extract (new) 33 6 1224
Soy Isoflavones Capsules (new) 33 6 1227
Soy Isoflavones Tablets (new) 33 6 1228
Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Xanthan Gum—Assay 31 3 821
Zinc Citrate (new) 34 2 315
Zinc Citrate Tablets (new) 34 2 316
Zinc and Vitamin C Lozenges (new) 34 2 317

USP General Test Chapters
h1i Injections—Ingredients 34 4 1020
h11i USP Reference Standards— 29

30
31
31
32
33
33
33
33
33
34
34
34
34
34

6
5
2
6
1
1
3
4
5
6
1
2
3
4
5

2022
1674
507
1680
181
95
497
716
981
1256
142
332
680
1021
1230

h41i Weights and Balances—Introduction, Repeatability (add),
Verification of Accuracy (add), Calibration Check (add)

34 3 682

h85i Bacterial Endotoxins Test—Harmonization 33 3 539
h111i Design and Analysis of Biological Assays (entire chapter revised) 34 3 685
h121i Insulin Assays—Appendix (add) 30 5 1675
h191i Identification Tests—General—Introduction, Acetate, Ammonium 34 2 333
h207i Test for 1,6-Anhydro Derivative for Enoxaparin Sodium (new) 34 1 143
h231i Heavy Metals—Method II 32 1 182
h271i Readily Carbonizable Substances Test 33 6 1258
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h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h401i Fats and Fixed Oils—Ester Value,
Hydroxyl Value, Iodine Value, Peroxide Value,
Saponification Value, Polyunsaturated Fatty Acids
Determination and Profile (add), Trace Metals (add),
Sterol Composition (add)

34 3 736

h429i Light Diffraction Measure of Particle Size (new)—
Harmonization

31 4 1234

h467i Organic Volatile Impurities—Identification, Control,
and Quantification of Residual Solvents

34 3 747

h467i Residual Solvents—Identification, Control, and Quantification of
Residual Solvents; Other Analytical Procedures (delete)

34 5 1232

h525i Sulfur Dioxide (new) 33 3 498
h601i Aerosols, Nasal Sprays, Metered-Dose Inhalers,
and Dry Powder Inhalers—Harmonization

33 3 550

h616i Bulk Density and Tapped Density—Harmonization 31 3 909
h621i Chromatography—System Suitability, Glossary of Symbols 34 5 1238
h643i Total Organic Carbon—Introduction, Apparatus Requirements,
Glassware Preparation, Standard Solution, Test Solution
(delete), Water Sample (add), Other Control Solutions,
System Suitability, Procedure

34 5 1241

h645i Water Conductivity—Introduction, Instrument Specifications
and Operating Procedures

33 4 722

h661i Containers—Plastics—Introduction, Polyethylene
Containers, Polypropylene Containers

34 2 335

h671i Containers—Performance Testing—Introduction,
Moisture Permeation, Light Transmission Test

34 2 337

h699i Density of Solids (new)—Harmonization 31 3 912
h701i Disintegration—Apparatus 34 1 155
h711i Dissolution—Introduction, USP Reference Standards, Apparatus,
Procedure, Interpretation

34 5 1243

h729i Globule Size Distribution in Lipid Injectable Emulsions—
Method II—Measurement of Large Globule Content by Light
Obscuration or Extinction Method

34 2 341

h731i Loss on Drying—Introduction 34 3 760
h741i Melting Range or Temperature—Introduction,
Procedure for Class I, Apparatus I,
Procedure for Class I, Apparatus II

33 5 982

h785i Osmolality and Osmolarity—Measurement of Osmolality 34 5 1251
h797i Pharmaceutical Compounding—Sterile Preparations—
Environmental Monitoring (add)

32 3 852

h811i Powder Fineness—Harmonization 31 1 228
h853i Fluorescence Spectroscopy (new) 34 5 1252
h854i Mid-Infrared Spectroscopy (new) 34 5 1266
h857i Ultraviolet-Visible Spectroscopy (new) 34 5 1282
h891i Thermal Analysis—Introduction, Transition
Temperature, Determination of Transition Temperature
(Melt Onset Temperature) and Melting Point Temperature (add),
Thermogravimetric Analysis, Hot-Stage Microscopy (add),
Eutetic Impurity Analysis

34 4 1023

h905i Uniformity of Dosage Units—Introduction, Content Uniformity,
Weight Variation, Criteria

34 5 1290

h921i Water Determination—Method I (Titrimetric) 34 3 761
h941i X-Ray Diffraction (new)—Harmonization 31 4 1241

General Information Chapters
h1010i Analytical Data—Interpretation and Treatment—
Prerequisite Laboratory Practices and Principles,
Measurement Principles and Variation, Comparison of
Analytical Methods, Appendixes B, C, D, E, F

34 3 764

h1024i Bovine Serum (new) 34 3 776
h1078i Good Manufacturing Practices for Bulk Pharmaceutical
Excipients (entire chapter revised)

34 2 343

h1082i Genotoxicity Testing (new) 30 1 264
h1090i In Vivo Bioequivalence Guidances (entire chapter revised) 34 4 1028
h1116i Microbiological Evaluation of Clean Rooms and
Other Controlled Environments (entire chapter revised)

31 2 524

h1119i Near-Infrared Spectrophotometry (entire chapter revised) 33 4 737
h1121i Nomenclature—General Nomenclature Forms 34 1 159
h1125i Nucleic Acid-Based Techniques—General (new) 33 5 984
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h1126i Nucleic Acid-Based Techniques—Extraction,
Detection, and Sequencing (new)

33 5 990

h1127i Nucleic Acid-Based Techniques—Amplification (new) 33 5 1005
h1129i Nucleic Acid-Based Techniques—Genotyping (new) 33 5 1019
h1130i Nucleic Acid-Based Techniques—Approaches
for Detecting Trace Nucleic Acids (Residual DNA Testing) (new)

33 5 984

h1160i Pharmaceutical Calculations in Prescription
Compounding—Basic Pharmaceutical Calculations

31 3 847

h1195i Significant Change Guide for Bulk Pharmaceutical
Excipients (new)

34 2 375

h1196i Pharmacopeial Harmonization—PDG Working Procedures 33 4 751
h1211i Sterilization and Sterility Assurance of Compendial Articles—
Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation

30 5 1729

h1225i Validation of Compendial Procedures—Validation 34 3 794
h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1235i Vaccines for Human Use—General Considerations (new) 34 5 1297
h1237i Virology Test Methods (new) 34 2 391
h1251i Weighing on an Analytical Balance (entire chapter revised) 34 3 798
h1788i Particulate Matter Determination in Parenteral
and Ophthalmic Products (new)

34 2 421

Dietary Supplement Chapters
h2750i Manufacturing Practices for Dietary Supplements—
Organization and Personnel; Grounds, Buildings, and Facilities;
Equipment; Raw Materials, Product Containers, and Closures;
Production and Process Controls; Labeling and Packaging;
Quality Control Operations; Records and Reports; Returned and
Salvaged Products; Glossary

33 5 1035

Reagents, Indicators, and Solutions
Acetic Acid 33 6 1259
Acetylactone 34 3 808
Alcohol 34 2 442
Alcohol, Denatured (new) 34 3 808
8-Amino-6-methoxyquinoline (new) 34 1 162
p-Aminophenol 34 2 442
a-Amylase 34 1 162
Barium Chloride 34 2 442
Beclomethasone (new) 34 3 808
Bismuth Subnitrate (new) 34 1 162
1-Butanesulfonic Acid Sodium Salt (new) 33 4 766
Butyrophenone (new) 33 4 766
Calcium Chloride 34 3 808
Activated Charcoal 33 6 1259
Cetyltrimethylammonium Bromide (new) 33 4 766
Chloramine T 34 2 442
Diatomaceous Earth (new) 34 3 809
Diethylamine Phosphate (new) 33 4 766
Diethylene Glycol 33 6 1259
2,7-Dihydroxynaphthalene (new) 34 3 809
N,N-Dimethyldecylamine (new) 34 4 1041
Dimethyltin Dibromide (new) 34 2 442
4’4-Dipyridyl Dihydrochloride 33 5 1047
Ethylene Oxide in Methylene Chloride (50 mg/mL) (new) 31 3 859
Ethylenediamine (new) 34 2 442
Ferric Chloride 34 2 443
Ferrous Sulfate 33 6 1260
Fuchsin, Basic 33 4 766
n-Heptane, Chromatographic 33 4 767
Hexadecyltrimethylammonium Bromide (new) 33 4 767
Hexylamine (new) 33 6 1260
Hydrogen Peroxide, 30 Percent 34 2 443
Hydrogen Peroxide, 30 Percent, Unstabilized (new) 34 3 809
Hydrogen Peroxide, 50 Percent in Water (new) 34 3 809
Lead Acetate 34 2 443
Maltotriose (new) 34 3 809
7-Methoxycoumarin (new) 34 2 443
Methylbenzothiazolone Hydrazone Hydrochloride 34 5 1319
2-Methylpentane (new) 33 5 1047
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Morin (new) 34 2 443
Naphthalene 33 6 1260
4-(p-Nitrobenzyl)pyridine 33 6 1260
1-Octanol (new) 32 6 1804
Octanesulfonic Acid Sodium Salt (new) 33 4 767
Phloxine B (new) 33 6 1260
Phosphatase Enzyme, Alkaline 34 3 809
Pullulanase (new) 33 5 1047
Anion-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Cation-Exchange Resin, Styrene-Divinylbenzene 30 3 1043
Salicylaldehyde 33 6 1260
Silver Nitrate 34 3 810
Sodium Cholate Hydrate (new) 34 3 810
Sodium 1-Decanesulfonate 34 5 1319
Sodium Phosphite Pentahydate (new) 34 1 162
Sorbitol (new) 34 3 810
Tetrabutylammonium Hydrogen Sulfate Ion Pairing Reagent (new) 34 4 1041
Tetrabutylammonium Hydroxide 30-Hydrate (new) 34 3 810
Tetrabutylammonium Hydroxide, 40 Percent in Water (delete) 34 3 810
2,3,7,8-Tetrachlorodibenzo-p-dioxin, 13C-labeled 34 3 810
2,3,7,8-Tetrachlorodibenzofuran, 13C-labeled 34 3 811
Tetrahexylammonium Hydrogen Sulfate (new) 34 1 162
Tetrahydro-2-furancarboxylic Acid 33 6 1261
Thrombin Human (new) 29 6 2055
Triethylamine Phosphate (new) 33 6 1261
Triethylenediamine (new) 34 2 443
Trimethyltin Bromide (new) 34 2 444

Test Solutions
Acetic Acid, Glacial, TS 34 3 811
Alcoholic TS (new) 34 3 811
Alkaline Cupric Citrate TS 2 (new) 34 2 444
Ammonia TS 2 (new) 34 2 444
Cupric Citrate TS 2, Alkaline (new) 33 4 768
Iodine and Potassium Iodide TS 3 (new) 34 2 444
Lanthanum Nitrate TS (new) 34 2 444
Methyl Red TS 2 (new) 34 2 445
Potasssium Pyroantimonate TS 34 3 812
Sodium Hydroxide TS 2 (new) 33 4 768

Volumetric Solutions
Bismuth Nitrate, 0.01 mol/L 34 4 1041
Iodine, Twentieth-Normal (0.05 N) (new) 33 5 1050
Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Methanol 33 4 769
Lithium Methoxide, Tenth-Normal (0.1 N) in Toluene 33 4 769
Potassium Iodate, Twentieth-Molar (0.05 M) 34 3 813
Potassium Thiocyanate, Tenth-Normal (0.1 N) (new) 34 4 1043
Sodium Tetraphenylboron, Fiftieth-Molar (0.02 M) 34 2 447

Reference Tables
Container Specifications for Capsules and Tablets 34 5 1320
Description and Solubility 29 1 266

31 2 591
32 1 188
33 4 775
33 5 1053
33 6 1270
34 1 166
34 2 450
34 3 817
34 4 1046
34 5 1322

Excipients
USP and NF Excipients, Listed by Category 34 5 1211

NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete),
Storage under Nonspecific Conditions (delete),
Other General Notices (delete)

34 1 119
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

NF Monographs
Acetone—USP Reference standards (add), Water, Assay 34 1 120
Agar—CAS number (add), Definition, Botanic characteristics,
Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

rAlbumin Human (new) 34 1 121
Alfadex—USP Reference standards, Identification, Heavy metals
Reducing sugars, Related compounds, Assay

34 1 126

Alpha-Lactalbumin (new) 34 3 670
Amino Methacrylate Copolymer—Definition, Packaging and storage,
Viscosity, Limit of monomers

34 2 326

Behenoyl Polyoxylglycerides (new) 34 5 1217
Benzalkonium Chloride—Packaging and storage, Identification,
Acidity or alkalinity (add), Limit of foreign amines (delete),
Limit of amines and amine salts (add)

34 4 1012

Betadex—Structure (add), Packaging and storage, USP Reference
standards, Identification, Microbial limits, pH, Heavy metals,
Reducing substances, Light-absorbing impurities (add),
Related compounds (add), Assay

34 1 127

Butylated Hydroxytoluene—USP Reference standards (add),
Identification, Related compounds (add)

34 1 130

Caprylocaproyl Polyoxylglycerides—Title, Definition, Labeling,
Identification, Hydroxyl value, Saponification value, Fatty acid
composition, Water, Total ash, Heavy metals, Alkaline impurities
(add), Limit of free glycerol

34 4 1012

Carbomer 934—Title, Definition, Packaging and storage, Viscosity 34 1 131
Carbomer 934P—Title, Definition, Packaging and storage, Viscosity 34 1 132
Carbomer 940—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer 941—Title, Definition, Packaging and storage, Viscosity 34 1 133
Carbomer Copolymer—Definition, Labeling, Viscosity,Limit of
benzene, Limit of acrylic acid

34 1 134

Carbomer Homopolymer—Title, Definition, Labeling, Viscosity,
Residue on ignition, Limit of benzene, Limit of arylic acid

34 1 136

Carbomer Interpolymer—Definition, Labeling,Viscosity, Limit of benzene,
Limit of acrylic acid

34 1 138

Carmellose (new)—Harmonization 33 3 537
Silicified Microcrystalline Cellulose (new) 34 5 1218
Hydrogenated Coconut Oil (new) 34 2 327
Copovidone—Harmonization 32 6 1843
Corn Oil—CAS number (add), Labeling (add), Identification (add),
Specific gravity (delete), Heavy metals, Cottonseed oil (delete),
Fatty acid composition, Free fatty acids (delete), Acid value (add),
Peroxide value (add), Iodine value (delete), Saponification
value (delete), Water (add), Alkaline impurities (add),
Sterol composition (add), Other requirements (add)

34 5 1220

Corn Syrup (new) 33 6 1240
High Fructose Corn Syrup—Total solids, Assay 34 2 329
Cottonseed Oil—CAS number (add), Definition, Labeling (add),
Identification, Specific gravity (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Unsaponifiable matter (add),
Iodine value (delete), Water (add), Heavy metals, Alkaline
impurities (add), Other requirements (add)

34 5 1222

Crospovidone—Harmonization 28 4 1257
Dehydroacetic Acid (reinstated with changes) 33 4 703
Egg Phospholipids (new) 33 4 703
Erythorbic Acid (new) 33 6 1246
Ethyl Acetate—Readily carbonizable substances 34 5 1223
Ethyl Acrylate and Methyl Methacrylate
Coplymer Dispersion—Identification

33 6 1247

Ethyl Maltol (new) 34 5 1224
Gamma Cyclodextrin (new) 33 4 707
Liquid Glucose—CAS number (add), Packaging and storage,

Labeling (add), Reference standards (add), Identification,
Assay for reducing sugars (dextrose equivalent) (add)

33 6 1248

Glyceryl Monooleate—Chemical name, Reference standards,
Identification, Saponification value

33 6 1248

Hydrogenated Palm Oil (new) 34 2 330
Hydrogenated Polydecene (new) 33 3 485
Hydroxyethyl Cellulose (new)—Harmonization 30 2 709
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Low-Substituted Hydroxypropyl Cellulose—
Harmonization

30 1 338

Inositol (new) 33 4 711
Anhydrous Lactose—Harmonization 32 6 1847
Lecithin—CAS number (add), Packaging and storage, Labeling (add),
Reference standards (add), Identification (add), Acid value,
Peroxide value (add), Hexane-insoluble matter, Lead,
Heavy metals, Content of acetone-insoluble matter

33 6 1249

Lanolin Alcohols—CAS number (add), Packaging and storage, Labeling
(add), Acid value, Hydroxyl value (add), Peroxide value (add)

34 4 1014

Lauroyl Polyoxylglycerides—Title, Definition, Labeling, Identification,
Hydroxyl value, Saponification value, Fatty acid composition,
Water, Total ash, Heavy metals, Alkaline impurities (add)

34 5 1224

Linoleoyl Polyoxylglycerides—Title, Definition, Labeling, Identification,
Fatty acid composition, Refractive index (delete), Water, Total ash,
Heavy metals, Alkaline impurities (add)

34 4 1015

Magnesium Stearate—Harmonization 30 1 340
Methylacrylic Acid Copolymer—Definition, Packaging and storage,
Labeling, Viscosity, Heavy metals, Limit of monomers

33 6 1251

Methylacrylic Acid Copolymer Dispersion—Packaging and storage,
Viscosity, Limit of monomers, Coagulum content

33 6 1254

Methyl Alcohol—USP Reference standards (add), Identification,
Readily carbonizable substances, Assay

34 5 1226

Light Mineral Oil —Definition, Packaging and storage,
Labeling, USP Reference standards (add), Identification (add)
Viscosity, Neutrality, Acidity, Readily carbonizable substances,
Limit of polycyclic aromatic hydrocarbons, Limit of sulfur compounds,
Solid paraffin

33 5 972

Nitrogen—Definition, Packaging and storage, Assay 31 4 1145
Oleoyl Polyoxylglycerides—Title, Definition, Labeling, Identification,
Fatty acid composition, Water, Total ash, Heavy metals, Alkaline
impurities (add)

34 4 1016

Palm Oil (new) 34 4 1018
Nitrogen 97 Percent—Definition, Packaging and storage, Assay 31 4 1146
Paraffin—CAS number (add), Definition,
Labeling (add), USP Reference standards (add),
Identification, Reaction (delete), Acidity (add),
Alkalinity (add), Readily carbonizable substances, Limit of polycyclic
aromatic hydrocarbons (add), Limit of sulfur compounds (add)

33 5 972

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Hydrogenated Polydecene—Readily carbonizable substances 34 5 1227
Polyethylene Glycol—Harmonization 31 3 897
Polypropylene Glycol Monolaurate—USP Reference standards,
Identification

34 1 140

Propylene Glycol (new)—Harmonization 33 2 317
Propylene Glycol Dicaprylate/Dicaprate (new) 33 5 974
Propylene Glycol Monolaurate—USP Reference standards, Identification 34 1 140
Pullulan (new) 33 5 975
Hydrophobic Colloidal Silica (new) 33 5 976
Silicon Dioxide (new)—Harmonization 31 4 1229
Colloidal Silicon Dioxide (new)—Harmonization 31 4 1233
Rice Starch (new)—Harmonization 30 2 721
Stearoyl Polyoxylglycerides—Title, Definition, Labeling, Identification,
Hydroxyl value, Saponification value, Fatty acid composition,
Water, Total ash, Heavy metals, Alkaline impurities (add)

34 5 1228

Sucralose—Related compounds 33 6 1255
Sucrose—Harmonization 31 3 902
Stannous Chloride (new) 33 5 978
Tagatose (new) 30 5 1672
Tetrafluoroethane (new) 31 6 1672
Trehalose (new) 34 3 677
Zein—CAS number (add), Packaging and storage, Residue on ignition,
Nitrogen content (delete), Protein content (add)

34 4 1019
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 34(1)–PF 34(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
Acetazolamide Oral Solution (entire submission) 32 1 43
Baclofen Oral Solution (entire submission) 32 1 49
Cefaclor Tablets—Title 32 2 314
Diclofenac Sodium Extended-Release Tablets—Drug release

(add)
30 2 476

Estradiol Transdermal System—Drug release (add) 31 4 1063
Isosorbide Mononitrate Extended-Release Tablets—
Dissolution (add)

31 4 1082

Isosorbide Mononitrate Tablets—Dissolution (add) 29 5 1513
Labetalol Hydrochloride Oral Solution (entire submission) 32 1 116
Meclizine Hydrochloride Tablets—Assay 33 2 245
Methylphenidate Hydrochloride Tablets—USP Reference
standards, Assay

33 2 246

Ofloxacin Tablets—Dissolution (add) 32 6 1737
Oxytocin Injection—Definition 32 6 1750
Piperacillin and Tazobactam Injection (entire submission) 31 2 437
Piperacillin and Tazobactam for Injection (entire submission) 31 2 439
Protein A (entire submission)* 33 3 442
rProtein A, C-CYS (entire submission)* 33 3 444
rProtein A (entire submission)* 33 3 446
rProtein A, B4-C-CYS (entire submission)* 33 3 452
Pseudoephedrine Hydrochloride—Ordinary impurities 34 1 110
Sertraline Hydrochloride (entire submission) 24 6 7179
Synthetic Conjugated Estrogens (entire submission) 31 6 1620
Tazobactam—Specific rotation, Related compounds, Assay
(add)

31 4 1116

Valproic Acid Injection—Title change (to become official
October 1, 2008)

32 2 387

Dietary Supplements Monographs
Ademetionine Disulfate Tosylate—Related compounds,
Content of tosylate (add)

31 2 469

USP General Test Chapters
h1i Injections—Packaging 33 3 494
h11i USP Reference Standards
USP 2-(Dimethylamino-methyl)-1-cyclohexanone
Hydrochloride RS (new)

31 2 507

USP Estradiol Related Compound A RS (new) 31 6 1680
h525i Sulfur Dioxide—Method I, Method II (add) 33 3 498

USP General Information Chapters
h1251i Weighing on an Analytical Balance (entire submission) 33 4 756

Excipients
Hydrogenated Starch Hydrolysate 33 3 480

NF Monographs
{ Polyvinyl Acetate (entire submission) 32 2 400
Strawberry Syrup (entire submission) 32 1 179
Hydrogenated Starch Hydrolysate (entire submission) 33 3 488

{New cancellations in PF 34(6).
* Four protein A ancillary materials monographs, Protein A; rProtein A, C-CYS; rProtein A; and rProtein A, B4-C-CYS were proposed in PF
33(3). Since ancillary materials are not medicinal products, USP has decided to incorporate information on these types of materials in General
Chapters rather than monographs. General Chapter <130> Protein A Quality Attributes combines the information on the four protein A materi-
als as proposed in PF 33(3).
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HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG). The PDG

consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The

process of harmonization is composed of several steps (Stages).

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each item.

The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be carried out retro-

spectively for existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of a

Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation data

where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature, experts, and

staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating pharma-

copeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as OFFI-

CIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and submits the

consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized Stage 5A

draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a

CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating

pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure. Adopted

items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular region.
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MONOGRAPHS (USP)

BRIEFING

Dextrose, USP 31 page 1927. The European Pharmacopoeia is
the coordinating pharmacopoeia for the international harmonization
of the compendial standards for the Dextrose monograph, as part of
the process of international harmonization of monographs and
general analytical methods of the European, Japanese, and United
States pharmacopeias. The following monograph, which represents
the OFFICIAL INQUIRY STAGE 4 document, is based in part on
comments from the Japanese Pharmacopoeia and the United States
Pharmacopeia, in response to the Provisional Harmonized Text Stage
4 draft, prepared by the European Pharmacopoeia. Differences
between the OFFICIAL INQUIRY STAGE 4 document and the
current USP monograph include the following.
1. Definition: EP and JP refer to Dextrose as ‘‘Glucose’’ and have

split the anhydrous and monohydrate forms into two separate
monographs. USP will maintain one Dextrose monograph to
incorporate both the anhydrous and monohydrate forms.

2. Labeling: New text proposed by EP on the apyrogenicity of the
substance.

3. Identification: Added a LC identity requirement.
4. Color of solution and Clarity of solution: New tests proposed

by EP.
5. Conductivity: Measurement of temperature included in the EP

proposal.
6. Specific rotation: Removed from harmonized proposal.
7. Acidity: Removed from harmonized proposal.
8. Loss on drying: Removed from harmonized proposal. Replaced

with a test for Water.
9. Chloride: Removed from harmonized proposal.
10. Sulfate: Removed from harmonized proposal.
11. Arsenic: Removed from harmonized proposal.
12. Heavy metals: No change.
13. Dextrin: No change.
14. Soluble starch, sulfites: No change.
15. Related substances/Assay: Added new method proposed by

EP.1.

(MD-PS: K. Moore) RTS—C60217

Dextrose

C6H12O6 �H2O 198.17

D-Glucose, monohydrate.

D-Glucose monohydrate [5996-10-1].

Anhydrous 180.16 [50-99-7].

» Dextrose is (+)-D-glucopyranose and is derived

from starch. The nominal content is not less than

99.5 percent of D-glucose (anhydrous substance). It

contains not less than 97.5 percent and not more

than 102.0 percent, calculated on the anhydrous

basis.

Packaging and storage—Preserve in well-closed containers.

Labeling—Label it to indicate whether it is hydrous or

anhydrous. The label states, where applicable for parenteral

materials, that the substance is apyrogenic.

Identification—

A: Examine the chromatograms obtained in the Assay.

The principal peak in the chromatogram obtained with the

Assay preparation is similar in retention time and size to the

principal peak in the chromatogram obtained with Standard

preparation.

B: Dissolve 0.1 g in 10 mL of water. Add 3 mL of cupric

tartrate TS, and heat. A red precipitate is formed.

Color of solution—

Yellow primary solution—Dissolve 46 g of ferric chloride

(FeCl3 � 6H2O) in about 900 mL of a mixture of 25 mL of

concentrated hydrochloric acid (35.0% to 39.0% w/w of HCl)

and 975 mL of water, and dilute with the same mixture to

1000.0 mL. Titrate, and adjust the solution to contain 45.0 mg

of FeCl3 � 6H2O per mL by adding the same acidic mixture.

Protect the solution from light. To titrate place in a 250-mL

conical flask fitted with a ground-glass stopper 10.0 mL of the

solution, 15 mL of water, 5 mL of concentrated hydrochloric

acid (35.0% to 39.0% w/w of HCl) and 4 g of potassium

iodide, close the flask, allow to stand in the dark for 15

minutes, and add 100 mL of water. Titrate the liberated iodine

with 0.1M sodium thiosulfate, using 0.5 mL of starch

solution, added towards the end of the titration, as an

indicator. One mL of 0.1M sodium thiosulfate is equivalent

to 27.03 mg of FeCl3 � 6H2O.
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Red primary solution—Dissolve 60 g of cobalt chloride

(CoCl2 � 6H2O) in about 900 mL of a mixture of 25 mL of

concentrated hydrochloric acid (35.0% to 39.0% w/w of HCl)

and 975 mL of water, and dilute with the same mixture to

1000.0 mL. Titrate, and adjust the solution to contain 59.5 mg

of CoCl2 � 6H2O per mL by adding the same acidic mixture.

To titrate place in a 250-mL conical flask fitted with a ground-

glass stopper, 5.0 mL of the solution, 5 mL of hydrogen

peroxide solution (3%) and 10 mL of a 300 g per L solution

of sodium hydroxide. Boil gently for 10 minutes, allow to

cool, and add 60 mL of dilute sulfuric acid (98 g per L of

H2SO4) and 2 g of potassium iodide. Close the flask, and

dissolve the precipitate by shaking gently. Titrate the liberated

iodine with 0.1M sodium thiosulfate, using 0.5 mL of starch

solution, added towards the end of the titration, as an

indicator. The endpoint is reached when the solution turns

pink. One mL of 0.1M sodium thiosulfate is equivalent to

23.79 mg of CoCl2 � 6H2O.

Blue primary solution—Dissolve 63 g of copper sulfate

(CuSO4 � 5H2O) in about 900 mL of a mixture of 25 mL of

concentrated hydrochloric acid (35.0% to 39.0% w/w of HCl)

and 975 mL of water, and dilute with the same mixture to

1000.0 mL. Titrate, and adjust the solution to contain 62.4 mg

of CuSO4 � 5H2O per mL by adding the same acidic mixture.

To titrate place in a 250-mL conical flask fitted with a ground-

glass stopper 10.0 mL of the solution, 50 mL of water, 12 mL

of dilute acetic acid (115 g per L to 125 g per L of C2H4O2)

and 3 g of potassium iodide. Titrate the liberated iodine with

0.1M sodium thiosulfate, using 0.5 mL of starch solution,

added towards the end of the titration, as an indicator. The

endpoint is reached when the solution shows a slight pale

brown color. One mL of 0.1M sodium thiosulfate is

equivalent to 24.97 mg of CuSO4 � 5H2O.

Standard stock solution—Mix 2.4 mL of Yellow primary

solution, 1.0 mL of Red primary solution, 0.4 mL of Blue

primary solution, and 6.2 mL of hydrochloric acid (10 g per L

HCl).

Standard solution—Mix 2.5 mL of Standard stock solution

and 97.5 mL of hydrochloric acid (10 g per L HCl).

Test solution—Dissolve 10.0 g of Dextrose in 15 mL of

water: the Test solution is not more intensely colored than the

Standard solution.

Clarity of solution—

Hydrazine sulfate solution—Dissolve 1.0 g of hydrazine

sulfate in water, and dilute with the same solvent to 100.0

mL. Allow to stand for 4 to 6 hours.

Hexamethylenetetramine solution—In a 100-mL ground-

glass stoppered flask, dissolve 2.5 g of hexamethylenetetra-

mine in 25.0 mL of water.

Primary opalescent suspension (formazin suspension)—To

the Hexamethylenetetramine solution in the flask add 25.0

mL of the Hydrazine sulfate solution. Mix, and allow to stand

for 24 hours. This suspension is stable for 2 months, provided

it is stored in a glass container free from surface defects. The

suspension must not adhere to the glass and must be well

mixed before use.

Standard of opalescence—Dilute 15.0 mL of the Primary

opalescent suspension with water to 1000.0 mL. This

suspension is freshly prepared and may be stored for up to

24 hours.

Reference suspension—To 5.0 mL of Standard of opales-

cence add 95.0 mL of water. Mix, and shake before use.

Test solution—Use the Test solution from the test for Color

of solution: the solution is clear (its clarity is the same as that

of water, or its opalescence is not more pronounced than that

of the Reference suspension).

Conductivity—Dissolve 20.0 g of Dextrose in carbon

dioxide-free water prepared from distilled water, and dilute

to 100.0 mL. Measure the conductivity of the solution using

an appropriate conductivity meter and certified reference

material for the conductivity of the solution to be examined,

while gently stirring with a magnetic stirrer: not more than 20

mS � cm–1 at 258.
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Water, Method I h921i—

Sample 0.50 g: 8.0%–9.5% for the monohydrate form;

not more than 1.0% for the anhydrous form.

Heavy metals h231i—Dissolve 4.0 g in water to make 25 mL

of solution: the limit is 5 ppm.

Dextrin—Reflux 1 g of finely powdered Dextrose with 20

mL of alcohol: it dissolves completely.

Soluble starch, sulfites—To a solution of 1 g in 10 mL of

water add 1 drop of iodine TS: the liquid is colored yellow.

Related substances—

Mobile phase—Use degassed water.

Test solution—For anhydrous Dextrose, dissolve 0.30 g in

water, and dilute to 10.0 mL. For Dextrose monohydrate,

dissolve 0.33 g in water, and dilute to 10.0 mL.

Reference solution A—Dilute 1.0 mL of the Test solution

with water to 250 mL.

Reference solution B—Dilute 12.5 mL of Reference

solution A with water to 100 mL.

Reference solution C—Dissolve 5 mg of maltose (impurity

A), 5 mg of maltotriose (impurity C), and 5 mg of fructose

(impurity D) in water, and dilute to 50 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive index

detector that is maintained at a constant temperature and a

7.8-mm 6 30-cm column that contains packing L19. The

column temperature is maintained at a temperature of 858

controlled within +18 of the selected temperature, and the

flow rate is about 0.5 mL per minute. Chromatograph

Reference solution C, and record the peak responses as

directed for Procedure: the relative retention time (with

reference to dextrose, which has a retention time of about 9

minutes) is about 0.7 for maltotriose, 0.8 for maltose and

impurity B, and about 1.3 for fructose; and the resolution, R,

between the peaks due to maltose and maltotriose is not less

than 1.5.

Procedure—Separately inject equal volumes (20 mL) of

Reference solutions A and B and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses: the sum for maltose and impurity B is not

more than the area of the principal peak in the chromatogram

obtained with Reference solution A (0.4%); for maltotriose

not more than 0.5 times the area of the principal peak in the

chromatogram obtained with Reference solution A (0.2%); for

fructose not more than twice the area of the principal peak in

the chromatogram obtained with Reference solution B (0.1%);

for unspecified impurities, each impurity is not more twice the

area of the principal peak in the chromatogram obtained with

Reference solution B (0.10%); and for the total not more than

1.25 times the area of the principal peak in the chromatogram

obtained with Reference solution A (0.5%). Disregard any

area of the principal peak in the chromatogram obtained with

Reference solution B of not more than 0.05%.

Assay—Proceed as described in the test for Related

substances with the following modifications.

Standard preparation—Dissolve 0.30 g of USP Dextrose

RS (anhydrous) in water, and dilute to 10.0 mL.

Assay preparation—Use the Test solution as prepared in the

test for Related substances.

Procedure—Separately inject equal volumes (20 mL) of the

Assay preparation and the Standard preparation. Calculate

the percentage content of C6H12O6 from the areas of the peaks

and the declared content of USP Dextrose RS.
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BRIEFING

Mannitol, USP 31 page 2586. The European Pharmacopoeia is
the coordinating pharmacopoeia for the international harmonization
of the compendial standards for the Mannitol monograph, as part of
the process of international harmonization of monographs and
general analytical methods of the European, Japanese, and United
States pharmacopeias. The following monograph, which represents
the OFFICIAL INQUIRY STAGE 4 document, is based in part on
comments from the Japanese Pharmacopoeia and the United States
Pharmacopeia, in response to the Provisional Harmonized Text Stage
4 draft, prepared by the European Pharmacopoeia. Differences
between the OFFICIAL INQUIRY STAGE 4 document and the
current USP monograph include the following:
1. Definition: lower limit of content. JP proposes to change the

minimum content, as specified in the current EP and JP
monographs.

2. Labeling: new text proposed by EP.
3. Identification: added recrystalization procedure at request of JP.
4. Melting range: range proposed by EP and JP.
5. Color of solution and and Clarity of solution: new tests

proposed by EP.
6. Specific rotation: removed from harmonized proposal.
7. Acidity: removed from harmonized proposal.
8. Loss on drying: removed from harmonized proposal; replaced

with a test for Water.
9. Chloride: removed from harmonized proposal.
10. Sulfate: removed from harmonized proposal.
11. Arsenic: removed from harmonized proposal.
12. Reducing sugars: method now based on the JP method for total

sugars, adapted to only cover the reducing sugars.
13. Related substances/Assay: proposal to include test to detect

sorbitol, maltitol, and isomalt; column conditions altered to
support a calcium column ion-exchange column.

14. Conductivity: measurement of temperature included in the EP
proposal.

15. Heavy metals: text proposed by EP and JP.
16. Nickel: new test proposed by EP.
17. Water: new test proposed by EP.
18. Microbial limits: limits proposed for parenteral dosage forms;

methods used from harmonized chapter.
19. Bacterial endotoxins: limits proposed for parenteral dosage

forms; methods used from harmonized chapter.

(MD-CV: K. Moore) RTS—C60213

Mannitol

C6H14O6 182.17

D-Mannitol.

D-Mannitol [69-65-8].

» Mannitol contains not less than 97.0 percent and

not more than 101.0 percent of C6H14O6, calculated

on the dried basis. The amounts of total sugars,

other polyhydric alcohols, and any hexitol anhy-

drides, if detected, are not included in the

requirements or the calculated amount under

Other Impurities.

Packaging and storage—Preserve in well-closed containers.

Labeling—The label states, where applicable, the maximum

concentration of bacterial endotoxins, and it states that the

substance is suitable for use in the manufacture of parenteral

dosage forms.

USP Reference standards h11i—USP Mannitol RS.

Identification, Infrared Absorption h197Ki—

Preparation of disks—If the spectra obtained in the solid

state show differences, dissolve separately in 2 glass vials 25

mg each of the substance to be examined and the reference

substance in 0.25 mL of distilled water without heating. The

solutions obtained are clear. Evaporate to dryness by heating

in a microwave oven with a power range of 1000–1300 W for

15 to 30 minutes, or by heating in an oven in vacuum at 1008.

Nonsticky, white, or slightly yellowish powders are obtained.

Alternatively, dissolve 1 g in 3 mL of warm water, keep the

solution for 24 hours at 58 or until crystalline precipitate is

formed, and then filter. Wash the precipitate with small

amounts of cold water, and dry for 4 hours at 1058. Record

new spectra using the residues.

Melting range h741i: between 1658 and 1708.

Color of solution—

Yellow primary solution—Dissolve 46 g of ferric chloride

(FeCl3 � 6H2O) in about 900 mL of a mixture of 25 mL of

concentrated hydrochloric acid (35.0% to 39.0% w/w of HCl)

and 975 mL of water, and dilute with the same mixture to

1000.0 mL. Titrate, and adjust the solution to contain 45.0 mg

of FeCl3 � 6H2O per mL, by adding the same acidic mixture.

Protect the solution from light. To titrate, place in a 250-mL
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conical flask fitted with a ground-glass stopper 10.0 mL of the

solution, 15 mL of water, 5 mL of concentrated hydrochloric

acid (35.0% to 39.0% w/w of HCl), and 4 g of potassium

iodide. Close the flask, allow to stand in the dark for 15

minutes, and add 100 mL of water. Titrate the liberated iodine

with 0.1M sodium thiosulfate, using 0.5 mL of starch

solution, added towards the end of the titration as an indicator.

One mL of 0.1M sodium thiosulfate is equivalent to 27.03

mg of FeCl3 � 6H2O.

Red primary solution—Dissolve 60 g of cobalt chloride

(CoCl2 � 6H2O) in about 900 mL of a mixture of 25 mL of

concentrated hydrochloric acid (35.0% to 39.0% w/w of HCl)

and 975 mL of water, and dilute with the same mixture to

1000.0 mL. Titrate, and adjust the solution to contain 59.5 mg

of CoCl2 � 6H2O per mL, by adding the same acidic mixture.

To titrate, place in a 250-mL conical flask fitted with a

ground-glass stopper 5.0 mL of the solution, 5 mL of

hydrogen peroxide solution (3%), and 10 mL of a 300 g per L

solution of sodium hydroxide. Boil gently for 10 minutes,

allow to cool, and add 60 mL of dilute sulfuric acid (98 g per

L of H2SO4), and 2 g of potassium iodide. Close the flask, and

dissolve the precipitate by shaking gently. Titrate the liberated

iodine with 0.1M sodium thiosulfate, using 0.5 mL of starch

solution, added towards the end of the titration as an indicator.

The endpoint is reached when the solution turns pink. One

mL of 0.1M sodium thiosulfate is equivalent to 23.79 mg of

CoCl2 � 6H2O.

Blue primary solution—Dissolve 63 g of copper sulfate

(CuSO4 � 5H2O) in about 900 mL of a mixture of 25 mL of

concentrated hydrochloric acid (35.0% to 39.0% w/w of HCl)

and 975 mL of water, and dilute with the same mixture to

1000.0 mL. Titrate, and adjust the solution to contain 62.4 mg

of CuSO4 � 5H2O per mL, by adding the same acidic mixture.

To titrate, place in a 250-mL conical flask fitted with a

ground-glass stopper, 10.0 mL of the solution, 50 mL of

water, and 12 mL of dilute acetic acid (115 g per L to 125 g

per L of C2H4O2), and 3 g of potassium iodide. Titrate the

liberated iodine with 0.1M sodium thiosulfate, using 0.5 mL

of starch solution, added towards the end of the titration as an

indicator. The endpoint is reached when the solution shows a

slight pale brown color. One mL of 0.1M sodium thiosulfate

is equivalent to 24.97 mg of CuSO4 � 5H2O.

Standard stock solution—Mix 3.0 mL of Yellow primary

solution, 3.0 mL of Red primary solution, 2.4 mL of Blue

primary solution, and 1.6 mL of hydrochloric acid (10 g per L

HCl).

Standard solution—Mix 1.0 mL of Standard stock solution,

and 99.0 mL of hydrochloric acid (10 g/1 HC1).

Test solution—Dissolve 5.0 g of Mannitol in water, and

dilute to 50 mL: the Test solution is clear and colorless and is

not more colored than the Standard solution.

Clarity of solution—

Hydrazine sulfate solution—Dissolve 1.0 g of hydrazine

sulfate in water, and dilute with the same solvent to 100.0

mL. Allow to stand for 4 to 6 hours.

Hexamethylenetetramine solution—In a 100-mL ground-

glass stoppered flask, dissolve 2.5 g of hexamethylenetetra-

mine in 25.0 mL of water.

Primary opalescent suspension (formazin suspension)—To

the Hexamethylenetetramine solution in the flask add 25.0

mL of the Hydrazine sulfate solution. Mix, and allow to stand

for 24 hours. This suspension is stable for 2 months, provided

that it is stored in a glass container free from surface defects.

The suspension must not adhere to the glass, and must be well

mixed before use.

Standard of opalescence—Dilute 15.0 mL of the Primary

opalescent suspension with water to 1000.0 mL. This

suspension is freshly prepared, and may be stored for up to

24 hours.

Reference suspension—To 5.0 mL of Standard of opales-

cence add 95.0 mL of water. Mix, and shake before use.

Test solution—Use the Test solution from the test for Color

of solution: its clarity is the same as that of water, or its

opalescence is not more pronounced than the Reference

suspension
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Reducing sugars (expressed as glucose)—

CUPRI-TARTARIC SOLUTION—Mix equal volumes of the two

solutions prepared below.

Solution I—Dissolve 34.6 g of copper sulfate

(CuSO4 � 5H2O), and dilute to 500 mL.

Solution II—Dissolve 173 g of sodium potassium tartrate

(C4H4KNaO6 � 4H2O) and 50 g of sodium hydroxide in 400

mL of water. Heat to boiling, allow to cool, and dilute with

carbon dioxide-free water to 500 mL.

PROCEDURE—To 7.0 g of Mannitol, add 13 mL of water.

Boil gently with 40 mL of Cupri-tartaric solution for

3 minutes, and allow to stand. A precipitate is formed.

Filter through a sintered-glass filter (10–16 mm) coated with

diatomaceous earth. Wash the precipitate with hot water, until

the washing is no longer alkaline, and filter the washings

through the sintered-glass filter. Immediately, dissolve the

precipitate in 20 mL of ferric sulfate solution, filter through

the sintered-glass filter, and wash the filter with water.

Combine the washings and the filtrate, heat to 808, and titrate

with 0.02M potassium permanganate: not more than 3.2 mL

is required to change the color of the solution.

Limit of sorbitol, maltitol, and isomalt—

Mobile phase—Use degassed water.

Test solution—Dissolve 0.50 g of Mannitol in 2.5 mL of

water, and dilute to 10.0 mL.

Reference solution A—Dilute 2.0 mL of the Test solution

with water to 100.0 mL.

Reference solution B—Dilute 0.5 mL of Reference solution

A with water to 20.0 mL.

Reference solution C—Dissolve 0.5 g of Mannitol and 0.5 g

of sorbitol in 5 mL of water, and dilute to 10.0 mL.

Reference solution D—Dissolve 0.5 g of maltitol and 0.5 g

of isomalt in 5 mL of water, and dilute to 100 mL. Dilute

2 mL with water to 10 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive index

detector that is maintained at a constant temperature and a

7.8-mm 6 30-cm column that contains packing L19. The

column temperature is maintained at a temperature of 858,

controlled within +18 of the selected temperature, and the

flow rate is about 0.5 mL per minute. Chromatograph

Reference solutions C and D, record the chromatograms,

and measure the preak responses as directed for Procedure:

the relative retention time (with reference to mannitol, which

has a retention time of about 22 minutes) is about 0.7 for

maltitol, 0.8 for isomalt (eluted in 2 peaks), and 1.2 for

sorbitol. Coelution of maltitol and isomalt is sometimes

observed. The resolution, R, between the peaks due to

mannitol and sorbitol for Reference solution C is not less than

2.

Procedure—Separately inject equal volumes (about 20 mL)

of the Test solution and Reference solutions A and B into the

chromatograph, record the chromatograms, and measure the

peak responses: for sorbitol and maltitol, not more than the

area of the principal peak in the chromatogram obtained with

Reference solution A (2.0%); for isomalt, the sum of the areas

of the two peaks, not more than the area of the principal peak

in the chromatogram obtained with Reference solution A

(2.0%); for unspecified impurities, not more than the area of

the principal peak in the chromatogram obtained with

Reference solution B (0.10%); for total impurities, not more

than the area of the principal peak in the chromatogram

obtained with Reference solution A (2.0%). Disregard any

peak where the area of the principal peak in the chromato-

gram is less than that obtained with Reference solution B

(0.05%).

Conductivity—Dissolve 20.0 g in carbon dioxide-free water,

prepared from distilled water by heating to 408 to 508, and

dilute to 100 mL. After cooling, measure the conductivity,

using an appropriate conductivity meter and certified

reference material for the conductivity of the solution to be

examined, while gently stirring with a magnetic stirrer: not

more than 20 mS � cm–1 at 258.
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Heavy metals h231i—

Test solution—Introduce 5.0 g in a 50-mL color comparison

tube, and dissolve with 40 mL of water. Add 2 mL of dilute

acetic acid (6 g per100 mL), and dilute with water to 50 mL.

Reference solution—Introduce 2.5 mL of Lead Standard

Solution (10 ppm) in a 50-mL color comparison tube, add

2 mL of dilute acetic acid (6 g per 100 mL), and dilute with

water to 50 mL.

Sodium sulfide solution—Prepare by one of the following

methods.

METHOD I—Dissolve 5 g of sodium sulfide (Na2S, 9H2O) in

a mixture of 10 mL of water and 30 mL of glycerol.

METHOD 2—Dissolve 5 g of sodium hydroxide in a mixture

of 30 mL of water and 90 mL of glycerol. Divide the solution

into 2 equal portions. Saturate 1 portion with hydrogen

sulfide, with cooling. Mix the 2 portions. Store in a well-filled

container, protected from light, and use within 3 months.

Procedure—Add about 50 mL of Sodium sulfide solution to

each Test solution and the Reference solution, mix thoroughly,

and allow to stand for 5 minutes. Examine the solutions by

viewing the tubes downward or transversely against a white

background. The Test solution is not more intensely colored

than the Reference solution.

Nickel—Determine the nickel by atomic absorption spec-

trometry standard additions.

Test solution—Dissolve 20.0 g of Mannitol in a mixture of

equal volumes of dilute acetic acid (115 g per L to 125 g per L

of C2H4O2) and water, and dilute with the same mixture of

solvents to 150.0 mL. Add 2.0 mL of a saturated solution of

ammonium pyrrolidinedithiocarbamate (C5H12N2S2) (about

10 g per L) and 10.0 mL of methyl isobutyl ketone (C6H12O,

4-methyl-2-pentanone), and then shake for 30 seconds

protected from bright light. Allow the layers to separate,

and use the methyl isobutyl ketone layer.

Nickel standard solution (10 ppm Ni)—Immediately before

use, dilute with water to 100 times its volume a solution

containing nickel sulfate equivalent to 4.78 g of NiSO4 � 7H2O

in 1000.0 mL.

Reference solutions—Prepare three Reference solutions in

the same manner as the Test solution, but adding 0.5, 1.0, and

1.5 mL, respectively, of Nickel standard solution (10 ppm Ni),

in addition to the 20.0 g of Mannitol. Set the zero of the

instrument using methyl isobutyl ketone, treated as described

for preparation of the Test solution, omitting Mannitol.

Measure the absorbance at 232.0 nm, using a nickel hollow-

cathode lamp as source of radiation and an air–acetylene

flame.

Water h921i: determined on 1.00 g by semi-micro deter-

mination of water. Use as a solvent 40 mL of a mixture of

equal volumes of anhydrous methanol and formamide at

about 508: not more than 0.5%.

Microbial limits h61i—The total aerobic microbial count is

103 cfu per g. The total combined microbial count is 102 cfu

per g. It also meets the requirement for absence of Salmonella

species and Escherichia coli. If intended for use in the

manufacture of parenteral dosage forms, the total aerobic

microbial count is 102 cfu per g.

Bacterial endotoxins h85i—If intended for use in the

manufacture of parenteral dosage forms without a further

appropriate procedure for the removal of bacterial endotoxins,

less than 4 IU per g for parenteral dosage forms having a

concentration of 100 g per L or less of Mannitol, and less than

2.5 IU per g for parenteral dosage forms having concentration

of more than 100 g per L of Mannitol.

Assay—

Proceed as described in the test for Limit of sorbitol,

maltitol, and isomalt, with the following modifications.

Standard preparation—Dissolve 0.50 g of USP Mannitol

RS in 2.5 mL of water, and dilute to 10.0 mL.

Assay preparation—Use the Test solution as prepared in the

test for Limit of sorbitol, maltitol, and isomalt.
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Procedure—Separately inject equal volumes (20 mL) of the

Assay preparation and the Standard preparation. From the

chromatogram obtained with Standard preparation, calculate

the response factor, R, by the formula:

R = mR / aR

in which mR is the declared percentage content of USP

Mannitol RS; aR is the percentage content of D-mannitol

determined by normalization from the areas of the peaks of

the chromatogram obtained with Standard preparation; and R

is from 0.99 to 1.01. Repeat the injection if R is outside of this

range. From the chromatogram obtained with the Assay

preparation, calculate C, the percentage content of D-

mannitol in Mannitol by the formula:

C = R 6 a

in which R is the response factor; and a is the percentage

content of D-mannitol determined by normalization from the

areas of the peaks of the chromatogram obtained with the

Assay preparation.

MONOGRAPHS (NF)

BRIEFING

Butylparaben, NF 26 page 1086. The European Pharmacopoeia
is the coordinating pharmacopeia for the international harmonization
of the compendial standards for the Butylparaben monograph, as part
of the process of international harmonization of monographs and
general analytical methods of the European, Japanese, and United
States pharmacopeias. The following monograph, which represents
the OFFICIAL INQUIRY STAGE 4 document, is based in part on
comments from the Japanese Pharmacopoeia and the United States
Pharmacopeia in response to the Provisional Harmonized Text Stage
4 draft prepared by the European Pharmacopoeia. Differences
between the OFFICIAL INQUIRY STAGE 4 document and the
current NF monograph include replacing the TLC method in the test
for Related substances and the titration method in the Assay with one
HPLC method for both tests.

(EM1: K. Moore) RTS—C65929

Butylparaben

C11H14O3 194.23

Benzoic acid, 4-hydroxy-, butyl ester.

Butyl p-hydroxybenzoate [94-26-8].

» Butylparaben contains not less than 98.0 percent

and not more than 102.0 percent of C11H14O3.

Packaging and storage—Preserve in well-closed containers.

USP Reference standards h11i—USP Butylparaben RS.

USP Propylparaben RS.

Identification—

A: Infrared Absorption h197Mi.

B: Melting range h741i: between 688 and 718.

Color of solution—Dissolve 1 g in alcohol, dilute with

alcohol to 10 mL, and mix (Butylparaben solution). This

solution is clear and not more intensely colored than alcohol

or a solution prepared immediately before use by mixing 2.4

mL of ferric chloride CS, 1.0 mL of cobaltous chloride CS,

and 0.4 mL of cupric sulfate CS with 0.3 N hydrochloric acid

to make 10 mL, and diluting 5 mL of this solution with 0.3 N

hydrochloric acid to make 100 mL. Make the comparison by

viewing the solutions downward in matched color-compari-

son tubes against a white surface (see Color and Achromicity

h631i).

Acidity—To 2 mL of Butylparaben solution prepared in the

Color of solution test, add 3 mL of alcohol, 5 mL of carbon

dioxide-free water, and 0.1 mL of bromocresol green TS, and

titrate with 0.10N sodium hydroxide: not more than 0.1 mL is

required to produce a blue color.

Residue on ignition h281i: not more than 0.1%, deter-

mined on 1.0 g.
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Related substances—

Mobile phase: a mixture of methanol and a 6.8 g/L

solution of potassium dihydrogen phosphate (65 : 35 v/v).

Test solution—Dissolve 50.0 mg of Butylparaben in 2.5 mL

of methanol, and dilute with Mobile phase to 50.0 mL. Dilute

10.0 mL of this solution with Mobile phase to 100.0 mL.

Reference solution A—Dissolve 50 mg each of p-hydro-

xybenzoic acid, isobutylparaben, USP Propylparaben RS, and

USP Butylparaben RS in Mobile phase, and dilute with

Mobile phase to 100 mL. Dilute 1 mL of this solution with

Mobile phase to 100 mL.

Reference solution B—Dilute 1.0 mL of the Test solution

with Mobile phase to 20.0 mL. Dilute 1.0 mL of this solution

with Mobile phase to 10 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with a detection wavelength of 272 nm and a 4.6-mm 6

15-cm column that contains 5-mm packing L1. The flow rate

is about 1.3 mL per minute. The run time is about 1.5 times

the retention time of butylparaben. Chromatograph Reference

solution A, and record the chromatograms as directed for

Procedure: the retention time of butylparaben is about 7.2

minutes; the relative retention times with reference to

butylparaben as 1.0 for p-hydroxybenzoic acid, methylpara-

ben ethylparaben, propylparaben, and isobutylparaben are

about 0.2, 0.3, 0.4, 0.6, and 0.9, respectively; the resolution,

R, between propylparaben and butylparaben is not less than

2.0; and the resolution, R, between isobutylparaben and

butylparaben is not less than 1.0.

Procedure—Separarely inject equal volumes (about 10 mL)

of Reference solution B and the Test solution into the

chromatograph, and record the chromatograms. [NOTE—To

find the correction factor for the calculation of content,

multiply the peak area of p-hydroxybenzoic acid by 1.4.] The

p-hydroxybenzoic acid peak area is not more than the area of

the principal peak in the chromatogram obtained with

Reference solution B (0.5%); for unspecified impurities, the

peak area of each impurity is not more than the area of the

principal peak in the chromatogram obtained with Reference

solution B (0.5%); and the total peak areas for all impurities is

not more than twice the area of the principal peak in the

chromatogram obtained with Reference solution B (1.0%).

Disregard any limit that is 0.2 times the area of the principal

peak in the chromatogram obtained with Reference solution B

(0.1%).

Assay—

Mobile phase, Reference solution A, Reference solution B,

and Chromatographic system—Proceed as directed in the test

for Related substances.

Standard preparation—Dissolve 50.0 mg of USP Butyl-

paraben RS in 2.5 mL of methanol, and dilute with Mobile

phase to 50.0 mL. Dilute 10.0 mL of this solution with

Mobile phase to 100.0 mL.

Assay preparation—Prepare as directed for the Test

solution in the test for Related substances.

Procedure—Separarely inject equal volumes (about 10 mL)

of the Assay preparation and the Standard preparation into

the chromatograph, and record the chromatograms. Calculate

the percentage content of butylparaben in the Assay

preparation from the peak areas in the chromatograms

obtained from the Assay preparation and the Standard

preparation and the declared content of USP Butylparaben

RS using the following formula:

P 6 (rU 6 CS) / (rS 6 CU)

in which P is equal to the labeled purity of USP Butylparaben

RS expressed as a percentage; rU is equal to the peak area of

butylparaben in the Assay preparation; rS is equal to the peak

area of butylparaben in the Standard preparation; CU is equal

to the concentration of Butylparaben in the Assay prepara-

tion; and CS is equal to the concentration of butylparaben in

the Standard preparation.
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BRIEFING

Ethylparaben. NF 26 page 1135. The European Pharmacopoeia
is the coordinating pharmacopeia for the international harmonization
of the compendial standards for the Ethylparaben monograph, as part
of the process of international harmonization of monographs and
general analytical methods of the European, Japanese, and United
States pharmacopeias. The following monograph, which represents
the OFFICIAL INQUIRY STAGE 4 document, is based in part on
comments from the Japanese Pharmacopoeia and the United States
Pharmacopeia in response to the Provisional Harmonized Text Stage
4 draft prepared by the European Pharmacopoeia. Differences
between the OFFICIAL INQUIRY STAGE 4 document and the
current NF monograph include replacing the TLC method in the test
for Related substances and the titration method in the Assay with one
HPLC method for both tests.

(EM1: K. Moore) RTS—C65532

Ethylparaben

C9H10O3 166.17

Benzoic acid, 4-hydroxy-, ethyl ester.

Ethyl p-hydroxybenzoate [120-47-8].

» Ethylparaben contains not less than 98.0 percent

and not more than 102.0 percent of C9H10O3.

Packaging and storage—Preserve in well-closed containers.

USP Reference standards h11i—USP Ethylparaben RS.

USP Methylparaben RS.

Identification—

A: Infrared Absorption h197Mi.

B: Melting range h741i: between 1158 and 1188.

Color of solution—Dissolve 1 g in alcohol, dilute with

alcohol to 10 mL, and mix (Ethylparaben solution). This

solution is clear and not more intensely colored than alcohol

or a solution prepared immediately before use by mixing

2.4 mL of ferric chloride CS, 1.0 mL of cobaltous chloride

CS, and 0.4 mL of cupric sulfate CS with 0.3 N hydrochloric

acid to make 10 mL, and diluting 5 mL of this solution with

0.3 N hydrochloric acid to make 100 mL. Make the

comparison by viewing the solutions downward in matched

color-comparison tubes against a white surface (see Color

and Achromicity h631i).

Acidity—To 2 mL of Ethylparaben solution prepared in the

Color of solution test add 3 mL of alcohol, 5 mL of carbon

dioxide-free water, and 0.1 mL of bromocresol green TS, and

titrate with 0.10N sodium hydroxide: not more than 0.1 mL is

required to produce a blue color.

Residue on ignition h281i: not more than 0.1%, determined

on 1.0 g.

Related substances—

Mobile phase: A mixture of methanol and a 6.8 g/L

solution of potassium dihydrogen phosphate (65 : 35 v/v)

Test solution—Dissolve 50.0 mg of Ethylparaben in 2.5 mL

of methanol, and dilute with Mobile phase to 50.0 mL. Dilute

10.0 mL of this solution with Mobile phase to 100.0 mL.

Reference solution A—Dissolve 50 mg each of p-hydroxy-

benzoic acid, USP Methylparaben RS, and USP Ethylparaben

RS in Mobile phase, and dilute with Mobile phase to 100 mL.

Dilute 1 mL of this solution with Mobile phase to 100 mL.

Reference solution B—Dilute 1.0 mL of the Test solution

with Mobile phase to 20.0 mL. Dilute 1.0 mL of this solution

with Mobile phase to 10.0 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with a detection wavelength of 272 nm and a 4.6-mm 6

15-cm column that contains 5-mm packing L1. The flow rate

is about 1.3 mL per minute. The run time is about 4 times the

retention time of ethylparaben. Chromatograph Reference

solution A, and record the chromatograms as directed for

Procedure: the retention time of ethylparaben is about 3.0

minutes; the relative retention times with reference to

ethylparaben as 1.0 for p-hydroxybenzoic acid, methylpara-

ben, propylparaben, and butylparaben, are about 0.5, 0.8, 1.5,

and 2.4, respectively; and the resolution, R, between

methylparaben and ethylparaben is not less than 2.0.
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Procedure—Separarely inject equal volumes (about 10 mL)

of Reference solution B and the Test solution into the

chromatograph, and record the chromatograms. [NOTE—To

find the correction factor for the calculation of content,

multiply the peak area of p-hydroxybenzoic acid by 1.4.] The

p-hydroxybenzoic acid peak area is not more than the area of

the principal peak in the chromatogram obtained with

Reference solution B (0.5%); for unspecified impurities, the

peak area of each impurity is not more than the area of the

principal peak in the chromatogram obtained with Reference

solution B (0.5%); and the total peak areas for all impurities is

not more than twice the area of the principal peak in the

chromatogram obtained with Reference solution B (1.0%).

Disregard any limit that is 0.2 times the area of the principal

peak in the chromatogram obtained with Reference solution B

(0.1%).
Assay—

Mobile phase, Reference solution A, Reference solution B,

and Chromatographic system—Proceed as described in the

test for Related substances.

Standard preparation—Dissolve 50.0 mg of USP Ethyl-

paraben RS in 2.5 mL of methanol, and dilute with Mobile

phase to 50.0 mL. Dilute 10.0 mL of this solution with

Mobile phase to 100.0 mL.

Assay preparation—Prepare as directed for the Test

solution in the test for Related substances.

Procedure—Separarely inject equal volumes (about 10 mL)

of the Assay preparation and the Standard preparation into

the chromatograph, and record the chromatograms. Calculate

the percentage content of ethylparaben in the Assay

preparation from the peak areas in the chromatograms

obtained from the Assay preparation and the Standard

preparation and the declared content of USP Ethylparaben

RS using the following formula:

P 6 (rU 6 CS) / (rS 6 CU)

in which P is equal to the labeled purity of USP Ethylparaben

RS expressed as a percentage; rU is equal to the peak area of

ethylparaben from the Assay preparation; rS is equal to the

peak area of ethylparaben from the Standard preparation; CU

is equal to the concentration of Ethylparaben in the Assay

preparation; and CS is equal to the concentration of

ethylparaben in the Standard preparation.

BRIEFING

Hydroxyethyl Cellulose, NF 26 page 1147. The following
changes are proposed to the OFFICIAL INQUIRY STAGE 4
harmonized draft monograph published on page 709 of PF 30(2)
[Mar.–Apr. 2004].
1. Apparent viscosity—the test has been replaced by a similar test

as for the signed off monographs for Hypromellose and
Methylcellulose.

2. Assay—A determination of the molar substitution has been
added, based on extensive validation work. This assay applies a
general principle for determination of alkoxy groups in
substituted celluloses (Zeissel reaction followed by gas
chromatography).

(EM2: K. Moore) RTS—C64169

Hydroxyethyl Cellulose

Cellulose, 2-hydroxyethyl ether [9004-62-0].

» Hydroxyethyl Cellulose is a partially O-(2-

hydroxyethylated) cellulose. It contains not less

than 30.0% and not more than 70% of hydro-

xyethoxy groups, calculated on the dried basis.

Packaging and storage—Preserve in well-closed containers.

No storage requirements specified.

Labeling—The labeling indicates the apparent viscosity, in

millipascal seconds (mPa � s) for a 2% solution. H
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Identification—

A: Stir about 1 g into 50 mL of water. After about 10

minutes, dilute with water to 100 mL, and stir to dissolve.

Heat 10 mL of this solution to boiling. The solution remains

clear.

B: To 10 mL of the solution obtained from Identification

test A, add 0.3 mL of dilute acetic acid (contains not less than

115 g per L and not more than 125 g per L of C2H4O2) and 2.5

mL of a 100 g per L solution of tannic acid. A yellowish-

white, flocculent precipitate is formed that dissolves in

ammonia TS.

C: In a test tube of about 160 mm in length, thoroughly

mix 1 g of it with 2 g of finely powdered manganese sulfate.

Introduce to a depth of 2 cm into the upper part of the tube a

strip of filter paper impregnated with a freshly prepared

mixture of 1 volume of a 200 g per L solution of

diethanolamine and 11 volumes of a 50 g per L solution of

sodium nitroprusside, and adjust with 1N hydrochloric acid

to a pH of about 9.8. Insert the tube 8 cm into a silicone oil

bath, and heat at 1908 to 2008. The filter paper becomes blue

within 10 minutes. Carry out a blank test.

D:

Ninhydrin solution—Dissolve 3 g of ninhydrin in 100 mL

of a 45.5 g per L solution of sodium bisulfite.

Procedure—Dissolve 0.2 g of it completely, without

heating, in 15 mL of a 700 g per L solution of sulfuric acid.

Pour the solution with stirring into 100 mL of iced water, and

dilute with iced water to 250 mL. In a test tube, mix

thoroughly while cooling in iced water 1 mL of the solution

with 8 mL of sulfuric acid, added dropwise. Heat on a water

bath for exactly 3 minutes, and immediately cool in iced

water. While the mixture is cold, carefully add 0.6 mL of

Ninhydrin solution, and mix well. Allow to stand at 258. A

pink color is produced immediately and does not become

violet within 100 minutes.

Apparent viscosity h911i—

FOR HYDROXYETHYL CELLULOSE SAMPLES HAVING A

VISCOSITY TYPE OF LESS THAN 600 MPA �S—Transfer an

accurately weighed quantity of Hydroxyethyl Cellulose,

equivalent to 4 g of solids, calculated on the dried basis, to

a tared, wide-mouth centrifuge bottle. Add water to obtain a

total weight of the sample and water of 200.0 g. Capping the

bottle, stir by mechanical means at 400 +50 rpm for 10 to 20

minutes, until the particles are thoroughly dispersed and

wetted out. Scrape down the walls of the bottle with a spatula,

if necessary, to ensure that there is no undissolved material on

the sides of the bottle, and continue stirring for another 20 to

40 minutes. Adjust the solution weight, if necessary, to

200.0 g using water. Centrifuge the solution, if necessary, to

expel any entrapped air. If any foam is present, remove with a

spatula. Determine the viscosity in a suitable viscometer of

the Ubbelohde type (see Viscosity h911i): the viscosity is not

less than 80% and not more than 120% of that stated on the

label.

FOR HYDROXYETHYL CELLULOSE SAMPLES HAVING A

VISCOSITY TYPE OF 600 MPA �S OR HIGHER—Transfer an

accurately weighed quantity of Hydroxyethyl Cellulose,

equivalent to 10 g of solids, calculated on the dried basis, to

a tared, wide-mouth centrifuge bottle, and add water to obtain

a total weight of the sample and water of 500.0 g. Capping the

bottle, stir by mechanical means at 400 +50 rpm for 10 to 20

minutes until the particles are thoroughly dispersed and

wetted out. Scrape down the walls of the bottle with a spatula,

if necessary, to ensure that there is no undissolved material on

the sides of the bottle, and continue stirring for another 20 to

40 minutes. Adjust the solution weight, if necessary, to

200.0 g using water. Centrifuge the solution, if necessary, to

expel any entrapped air. If any foam is present, remove with a

spatula. Equip a suitable, single-cylinder type rotational
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viscometer (Brookfield type LV Model, or equivalent), and

determine the viscosity of this solution at 20 +0.18 under the

operating conditions specified in the table below.

Labeled Viscosity*

(mPa � s)

Rotor

(No).

Revolution

(rpm)

Calculation

Multiplier

600–1400 3 60 20

1400–3500 3 12 100

3500–9500 4 60 100

9500–99,500 4 6 1000

�99,500 4 3 2000

* [NOTE—The labeled viscosity is based on the manufacturer’s
specifications.]

Allow the spindle to rotate for 2 minutes before taking the

measurement. Allow a rest period of 2 minutes between

subsequent measurements. Repeat the operation twice to

rotate the spindle as specified above, and average the three

readings: the viscosity is not less than 75% and not more than

140% of that stated on the label.

pH h791i: between 5.5 and 8.5, using the solution obtained

from Identification test A.

Loss on drying h731i—Dry a 1.0 g sample at 1058 for

3 hours: it loses not more than 10.0% of its weight.

Residue on ignition h281i: not more than 4.0%, deter-

mined on a 1.0-g sample.

Chlorides—

Chloride standard solution—Immediately before use, dilute

with water to 100 times its volume a solution containing

sodium chloride equivalent to 0.824 g in 1000.0 mL. This

solution contains 5 ppm of Cl.

Standard solution—Mix 10 mL of Chloride standard

solution and 5 mL of water.

Test solution—Disperse a quantity of Hydroxyethyl Cellu-

lose, equivalent to 1.0 g of the dried substance, in 50 mL of

water that has been previously boiled and cooled. After 10

minutes, dilute with water that has been previously boiled and

cooled, to 100 mL, and stir to dissolve. Dilute 1 mL of this

solution with water to 30 mL.

Procedure—Add 1 mL of a dilute nitric acid solution (200 g

per L) to 15 mL of the Test solution, and pour the mixture as a

single addition into a test tube, containing 1 mL of silver

nitrate solution (17 g per L). Prepare a standard in the same

manner, using the Standard solution in place of the Test

solution. Examine the tubes laterally against a black

background. After standing for 5 minutes protected from

light, any opalescence in the Test solution is not more intense

than that in the Standard solution.

Nitrates—[NOTE—Prepare all solutions immediately before

use.]

Buffer solution—To a mixture of 50 mL of 2N sulfuric acid

and 800 mL of water, add 135 g of monobasic potassium

phosphate, and dilute with water to 1000 mL.

Buffered water—Dilute 80 mL of Buffer solution with

water to 2000 mL.

Nitrate standard solution—Dissolve 0.8154 g of potassium

nitrate in 500 mL of Buffered water, and dilute with the same

solvent to 1000.0 mL. This solution contains 500 ppm of

NO3.

Test solution—Dissolve 0.50 g of Hydroxyethyl Cellulose

in Buffered water, and dilute with the same solvent to 100.0

mL.

Reference solutions—If Hydroxyethyl Cellulose has an

apparent viscosity of 1000 mPa � s or less, dilute 10.0, 20.0,

and 40.0 mL of Nitrate standard solution with Buffered water

to 100.0 mL, and mix. If Hydroxyethyl Cellulose has an

apparent viscosity of more than 1000 mPa � s, dilute 1.0, 2.0,

and 4.0 mL of Nitrate standard solution with Buffered water

to 100.0 mL, and mix.

Procedure—Carry out the measurements for each solution,

potentiometrically (see Titrimetry h541i), using as an

indicator, a nitrate selective electrode and a silver–silver

chloride electrode with a 0.1M ammonium sulfate as a

reference electrode. Calculate the concentration of nitrates

using a calibration curve: a maximum of 3.0% (dried

substance), if Hydroxyethyl Cellulose has an apparent
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viscosity of 1000 mPa � s or less, and a maximum of 0.2%

(dried substance), if Hydroxyethyl Cellulose has an apparent

viscosity of more than 1000 mPa � s.

Limit of glyoxal—

Standard solution—In a 100-mL graduated flask, weigh a

quantity of glyoxal solution [40% (w/w)] corresponding to

0.200 g of C2H2O2, and dilute with alcohol to volume.

Immediately before use, dilute the solution with the same

solvent to 100 times its volume, and then dilute this solution

with alcohol to 10 times its volume.

Test solution—Introduce 1.0 g of it into a test tube with a

ground glass stopper, and add 10.0 mL of alcohol. Insert the

stopper into the tube, and stir by mechanical means for 30

minutes. Centrifuge, and retain the supernatant.

Procedure—To 2 mL of the Test solution, add 5.0 mL of a

4 g per L solution of methylbenzothiazolone hydrazone

hydrochloride in an 80% (v/v) solution of glacial acetic

acid in water. Shake to homogenize. After 2 hours, the

solution is not more intensely colored than a standard

prepared at the same time and in the same manner using

2.0 mL of the Standard solution instead of the 2.0 mL of the

Test solution: not more than 20 ppm.

Limit of ethylene oxide—[NOTE—All vials must be closed

immediately with a butyl rubber membrane stopper, coated

with aluminum or polytetrafluoroethylene and secured with

an aluminum crimped cap.]

Polyethylene glycol 200 preparation—Introduce 500 mL of

polyethylene glycol 200 into a 1000-mL round-bottom flask.

Using a rotation evaporator, remove any volatile components

by applying a vacuum with a pressure of 1.5 kPa to 2.5 kPa

for 6 hours at a temperature of 608.

Ethylene oxide stock solution—[NOTE—All operations

carried out in the preparation of these solutions must be

conducted in a fume hood. The operator must protect both

hands and face by wearing polyethylene protective gloves and

an appropriate face mask. Store all solutions in an airtight

container in a refrigerator at 48 to 88. Carry out all

determinations three times.] Into a dry, clean test tube,

cooled in a mixture of 1 part sodium chloride and 3 parts

crushed ice, introduce a slow current of ethylene oxide gas,

allowing condensation onto the inner wall of the test tube.

Using a glass syringe, previously cooled to –108, inject about

300 mL (corresponding to about 0.25 g) of liquid ethylene

oxide into 50 mL of Polyethylene glycol 200 preparation.

Determine the absorbed quantity of ethylene oxide by

weighing before and after absorption (MEO). Dilute with

Polyethylene glycol 200 preparation to 100.0 mL. Mix well

before use. To 10 mL of a 500 g per L suspension of

magnesium chloride in ethanol, add 20.0 mL of 0.1 N

alcoholic hydrochloric acid VS (dilute 5.0 mL of 1N

hydrochloric acid VS with alcohol to 500.0 mL) in a flask.

Insert the stopper, shake to obtain a saturated solution, and

allow to stand overnight to equilibrate.

Ethylene oxide solution—Weigh 1.00 g of cold Ethylene

oxide stock solution (equivalent to 2.5 mg of ethylene oxide)

into a cold flask containing 40.0 g of cold Polyethylene glycol

200 preparation. Mix, determine the exact mass, and dilute to

a calculated mass to obtain a solution containing 50 mg of

ethylene oxide per g of solution. Weigh 10.00 g into a flask

containing about 30 mL of water, mix, and dilute with water

to 50.0 mL (10 mg per mL of ethylene oxide). [NOTE—Prepare

immediately before use.]

Standard preparation A—Accurately weigh, and transfer

1.00 g of Hydroxyethyl Cellulose into a 5-mL vial. Add 0.2

mL of cooled Ethylene oxide solution and 0.8 mL of water. It

swells in water but does not dissolve.

Standard preparation B—To 0.1 mL of Ethylene oxide

solution in a 5-mL vial add 0.1 mL of a freshly prepared 10

mg per L solution of acetaldehyde.

Test preparation—Accurately weigh and transfer 1.00 g of

Hydroxyethyl Cellulose to an identical 5-mL vial (other sizes

may be used depending on the operating conditions), and add

1 mL of water. It swells in water but does not dissolve.

Weigh 5.00 g of Ethylene oxide stock solution into the

flask, and allow to stand for 30 minutes. Titrate with 0.1 N

alcoholic potassium hydroxide VS determining the endpointH
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potentiometrically (see Titrimetry h541i). Carry out a blank

titration, replacing substance to be examined with the same

quantity of Polyethylene glycol 200 preparation. Calculate

the content of ethylene oxide, in mg per g, by the formula:

[(V0 – V1) 6 F 6 4.404] / M

where V0 and V1 are the volumes of alcoholic potassium

hydroxide used for the blank titration and the assay,

respectively; F is the factor of the alcoholic potassium

hydroxide solution; and M is the mass of the sample taken

(g).

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector, maintained at about 2508, and a 0.32-mm 6 30-m

fused silica capillary column bonded with a 1.0-mm layer of

phase G2. The carrier gas is helium with a linear velocity of

about 20 cm per second and a split ratio of 1 : 20. The column

temperature is maintained at 508 for the first 5 minutes after

an injection is made, then the temperature is increased at a

rate of 308 to 2308, and maintained at 2308 for 5 minutes. The

injection port temperature is maintained at 1508. Static head

space conditions are used that include an equilibration

temperature of 708, an equilibration time of 45 minutes, and

a pressurization time of 30 seconds. Maintain the transfer line

temperature at 758. Inject about 1.0 mL of the gaseous phase

of Standard preparation B into a suitable gas chromatograph,

and record the chromatogram. Adjust the sensitivity of the

system so that the heights of the two principal peaks in the

chromatogram obtained are not less than 15% of the full scale

of the recorder. The resolution, R, between the peaks

corresponding to acetaldehyde and ethylene oxide is at least

2.0.

Procedure—Separately inject equal volumes (1.0 mL) of

the gaseous phase of the Test preparation and Standard

preparation A into the chromatograph, record the chromat-

ograms, and measure the major peaks. In the chromatogram

obtained with the Test preparation, the area of any peak

corresponding to ethylene oxide is not greater than half the

area of the peak due to ethylene oxide in the chromatogram

obtained with Standard preparation A: not more than 1 ppm.

The content of ethylene oxide, in ppm, can be calculated by

the formula:

(AT 6 MEO 6 C) / [0.25(AR 6 MT – AT 6 MR)]

where AT is the area of the peak corresponding to ethylene

oxide in the chromatogram obtained with the Test prepara-

tion; MEO is the mass of absorbed ethylene oxide (used for

preparing the Ethylene oxide solution) in g; C is the correction

factor to be determined from the following formula, C = CEO /

(MEO 6 10) where CEO is the ethylene oxide content, in mg

per mL, determined by titration; AR is the area of the peak

corresponding to ethylene oxide in the chromatogram

obtained with Standard preparation A; MT is the mass of

the substance to be examined in g in the Test preparation;

and MR is the mass of the substance to be examined in g in

Standard preparation A;.

Limit of 2-chloroethanol—[NOTE—All vials must be closed

immediately with a butyl rubber membrane stopper, coated

with aluminum or polytetrafluoroethylene, and secured with

an aluminum crimped cap.]

Test solution—Transfer 50 mg of Hydroxyethyl Cellulose

to a 10-mL vial (other sizes may be used depending on the

operating conditions), and add 2 mL of isopropyl alcohol. Seal

the vial, and mix.

Standard solution A—Accurately weigh and dissolve

0.125 g of 2-chloroethanol, and dilute with isopropyl alcohol

to 50.0 mL. Dilute 1.0 mL of the solution with 2-propanol to

10.0 mL.

Standard solution B—Transfer 50 mg of it to an identical

10-mL vial, add 2 mL of Standard solution A, seal the flask,

and mix.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector, maintained at about 2508, and a 0.32-mm 6 50-m
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fused silica capillary column bonded with a 1.2-mm layer of

phase G2. The carrier gas is helium with a linear velocity of

about 25 to 35 cm per second and a split ratio of 1 : 10. The

column temperature is maintained at 608 for the first 6 minutes

after an injection is made, increased from 608 to 1108 from

6 minutes to 16 minutes after injection, and increased from

1108 to 2308 from 16 minutes to 31 minutes after injection.

The temperature is then maintained at 2308 for 5 minutes. The

injection port temperature is maintained at 1508. Static head

space conditions are used that include an equilibration

temperature of 1108, and an equilibration time of 20 minutes.

Maintain the transfer line temperature at 1158.

Procedure—Separately inject about 2.0 mL of the gaseous

phase of Standard solution B and the Test solution into a

suitable gas chromatograph, and record the chromatograms.

The retention time of 2-chloroethanol is about 7.8 minutes. In

the chromatogram obtained with the Test solution, and the

area of any peak corresponding to 2-chloroethanol is not

greater than 0.5 times the area of the peak due to 2-

chloroethanol in the chromatogram obtained with Standard

solution B: not more than 10 ppm.

Heavy metals, Method II h231i: not more than 20 mg per g.

Assay—

NOTE—Prepare the solutions immediately before use. Carry

out the test under a ventilated hood and behind a safety shield

(reaction at 1658), and wear acid-resistant gloves and safety

glasses.

Internal standard solution—Dilute 0.5 mL of octane with

o-xylene to 100.0 mL.

Blank solution—In a 10-mL vial, add 60 mg of adipic acid,

4.0 mL of o-xylene, and 4.0 mL of hydriodic acid, close the

vial with a septum, and mix. After phase separation, pierce

through the septum of the vial with a syringe, and extract

1 mL of the upper phase.

NOTE—Prepare the Test solution and the Reference solution

twice on the day of analysis. Once for system suitability and

once to determine the conent of ethoxy groups.

Test solution—To 30 mg of Hydroxyethyl Cellulose, add 60

mg of adipic acid in a 5-mL reaction vial. Add 2.0 mL of

Internal standard solution and 2.0 mL of hydriodic acid,

close immediately, and weigh exactly the reaction vial (total

weight before heating). Place the vial in an oven at about 1658

for 2.5 hours. Cool for about 45 minutes, and weigh exactly

the reaction vial (total weight after heating). If the difference

of the total weight before heating to the total weight after

heating is more than 10 mg, prepare a new test solution. After

phase separation, open the cooled reaction vial, pierce

through the septum of the vial with a cooled syringe, and

extract 1 mL of the upper phase.

Reference solution—Place 4.0 mL of Internal standard

solution in a 10-mL vial, and close immediately with a

septum. Inject 55 mL of iodoethane through the septum of the

vial, weigh exactly each time (with difference weighing), and

mix. Pierce through the septum of the vial with a syringe, and

extract 1 mL of the solution.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector, maintained at about 2708, and a 0.53-mm 6 30-m

fused silica capillary column bonded with a 3-mm layer of

phase G2. The carrier gas is helium with a flow rate of about

4.2 mL per minute (at start temperature) and a split ratio of

1 : 40. The column temperature is maintained at 508 for the

first 3 minutes after an injection is made; increased from 508

to 1008 from 3 minutes to 8 minutes after injection; and

increased from 1008 to 2508 from 8 minutes to 12.3 minutes

after injection. The temperature is then maintained at 2508 for

8 minutes. The injection port temperature is maintained at

2508. Chromatograph the Reference solution as directed for

Procedure: the relative retention time for iodoethane is about

0.5 with respect to octane (the retention time is about 9

minutes); the resolution, R, is not less than 2.0 for the peaks

due to octane and ethyl iodide; and the relative standard

deviation of the response factor of the principle peak in the

chromatogram obtained after six injections is not more than

2.0%.H
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Procedure—Separately inject about 1.0 mL of the Test

solution, the Blank solution, and the Reference solution.

Calculate the response factor (R) from the following

equation:

(A1 6 W1 6 C) /A2 6 100

where A1 is the peak area of the internal standard peak in the

chromatogram of the Reference solution; W1 is the weight of

iodoethane in the Reference solution, in mg; C is the

percentage content of iodoethane from the certificate of the

manufacturer; and A2 is the peak area of the iodoethane peak

in the chromatogram of the Reference solution.

Calculate the percentage content (w/w) of the ethoxy

groups from the following equation:

(A4 6 R2 6 M16100) / (A3 6 W2 6 M2 6 2)

where A4 is the peak area of the iodoethane peak in the

chromatogram of the Test solution; R2 is the average value of

the response factors of all Reference solutions;M1 is the molar

mass of iodoethane to hydroxyethyl group, which is 61.1; A3

is the peak area of the internal standard peak in the

chromatogram of the Test solution; M2 is the molar mass of

iodoethane, 156.0; and W2 is the weight of the sample in the

Test solution, in mg.

If necessary, calculate the percentage content of the

alkyloxy groups with reference to the dried salt and/or

silica-free substance.

BRIEFING

Methylparaben NF 26 page 1176. The European Pharmacopoeia
is the coordinating pharmacopeia for the international harmonization
of the compendial standards for the Methylparaben monograph, as
part of the process of international harmonization of monographs
and general analytical methods of the European, Japanese, and
United States pharmacopeias. The following monograph, which
represents the OFFICIAL INQUIRY STAGE 4 document, is based
in part on comments from the Japanese Pharmacopoeia and the
United States Pharmacopeia in response to the Provisional
Harmonized Text Stage 4 draft prepared by the European
Pharmacopoeia. Differences between the OFFICIAL INQUIRY
STAGE 4 document and the current NF monograph include
replacing the TLC method in the test for Related substances and
the titration method in the Assay with one HPLC method for both
tests.

(EM1: K. Moore) RTS—C65531

Methylparaben

C8H8O3 152.15

Benzoic acid, 4-hydroxy-, methyl ester.

Methyl p-hydroxybenzoate [99-76-3].

» Methylparaben contains not less than 98.0

percent and not more than 102.0 percent of

C8H8O3.

Packaging and storage—Preserve in well-closed containers.

USP Reference standards h11i—USP Ethylparaben RS.

USP Methylparaben RS.

Identification—

A: Infrared Absorption h197Mi.

B: Melting range h741i: between 1258 and 1288.
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Color of solution—Dissolve 1 g in alcohol, dilute with

alcohol to 10 mL, and mix (Methylparaben solution). This

solution is clear and not more intensely colored than alcohol

or a solution prepared immediately before use by mixing 2.4

mL of ferric chloride CS, 1.0 mL of cobaltous chloride CS,

and 0.4 mL of cupric sulfate CS with 0.3N hydrochloric acid

to make 10 mL, and diluting 5 mL of this solution with 0.3N

hydrochloric acid to make 100 mL. Make the comparison by

viewing the solutions downward in matched color-compari-

son tubes against a white surface (see Color and Achromicity

h631i).

Acidity—To 2 mL of Methylparaben solution prepared in the

Color of solution test add 3 mL of alcohol, 5 mL of carbon

dioxide-free water, and 0.1 mL of bromocresol green TS, and

titrate with 0.10N sodium hydroxide: not more than 0.1 mL is

required to produce a blue color.

Residue on ignition h281i: not more than 0.1%, deter-

mined on 1.0 g.

Related substances—

Mobile phase: a mixture of methanol and a 6.8 g/L

solution of potassium dihydrogen phosphate (65 : 35 v/v)

Test solution—Dissolve 50.0 mg of Methylparaben in 2.5

ml of methanol, and dilute with Mobile phase to 50.0 mL.

Dilute 10.0 mL of this solution with Mobile phase to 100.0

mL.

Reference solution A—Dissolve 50 mg each of p-hydroxy-

benzoic acid and USP Methylparaben RS in Mobile phase,

and dilute with Mobile phase to 100 mL. Dilute 1 mL of this

solution with Mobile phase to 100 mL.

Reference solution B—Dilute 1.0 mL of the Test solution

with Mobile phase to 20.0 mL. Dilute 1.0 mL of this solution

with Mobile phase to 10.0 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with a detection wavelength of 272 nm and a 4.6-mm 6

15-cm column that contains 5-mm packing L1. The flow rate

is about 1.3 mL per minute. The run time is about 5 times the

retention time of methylparaben. Chromatograph Reference

solution A, and record the chromatograms as directed for

Procedure: the retention time of methylparaben is about 2.3

minutes; the relative retention times with reference to

methylparaben as 1.0 for p-hydroxybenzoic acid, ethylpara-

ben, propylparaben, and butylparaben are about 0.6, 1.3, 2.0,

and 3.2, respectively; and the resolution, R, between p-

hydroxybenzoic acid and methylparaben is not less than 2.0.

Procedure—Separarely inject equal volumes (about 10 mL)

of Reference solution B and the Test solution into the

chromatograph, and record the chromatograms. [NOTE—To

find the correction factor for the calculation of content,

multiply the peak area of p-hydroxybenzoic acid by 1.4.] The

p-hydroxybenzoic acid peak area is not more than the area of

the principal peak in the chromatogram obtained with

Reference solution B (0.5%); for unspecified impurities, the

peak area of each impurity is not more than the area of the

principal peak in the chromatogram obtained with Reference

solution B (0.5%); and the total peak areas for all impurities is

not more than twice the area of the principal peak in the

chromatogram obtained with Reference solution B (1.0%).

Disregard any limit that is 0.2 times the area of the principal

peak in the chromatogram obtained with Reference solution B

(0.1%).

Assay—

Mobile phase, Reference solution A, Reference solution B,

and Chromatographic system—Proceed as directed in the test

for Related substances.

Standard preparation—Dissolve 50.0 mg of USP Methyl-

paraben RS in 2.5 mL of methanol, and dilute with Mobile

phase to 50.0 mL. Dilute 10.0 mL of this solution with

Mobile phase to 100.0 mL.

Assay preparation—Prepare as directed for the Test

solution in the test forf Related substances.

Procedure—Separarely inject equal volumes (about 10 mL)

of the Assay preparation and the Standard preparation into

the chromatograph, and record the chromatograms. Calculate

the percentage content of methylparaben in the Assay

preparation from the peak areas in the chromatogramsH
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obtained from the Assay preparation and the Standard

preparation and the declared content of USP Methylparaben

RS using the following formula:

P 6 (rU 6 CS) / (rS 6 CU)

in which P is equal to the labeled purity of USP

Methylparaben RS expressed as a percentage; rU is equal to

the peak area of methylparaben from the Assay preparation;

rS is equal to the peak area of methylparaben from the

Standard preparation; CU is equal to the concentration of

Methylparaben in the Assay preparation; and CS is equal to

the concentration of methylparaben in the Standard prepara-

tion.

BRIEFING

Propylparaben NF 26 page 1216. The European Pharmacopoeia
is the coordinating pharmacopeia for the international harmonization
of the compendial standards for the Propylparaben monograph, as
part of the process of international harmonization of monographs
and general analytical methods of the European, Japanese, and
United States pharmacopeias. The following monograph, which
represents the OFFICIAL INQUIRY STAGE 4 document, is based
in part on comments from the Japanese Pharmacopoeia and the
United States Pharmacopeia in response to the Provisional
Harmonized Text Stage 4 draft prepared by the European
Pharmacopoeia. Differences between the OFFICIAL INQUIRY
STAGE 4 document and the current NF monograph include
replacing the TLC method in the test for Related substances and
the titration method in the Assay with one HPLC method for both
tests.

(EM1: K. Moore) RTS—C65530

Propylparaben

C10H12O3 180.20

Benzoic acid, 4-hydroxy-, propyl ester.

Propyl p-hydroxybenzoate [94-13-3].

» Propylparaben contains not less than 98.0 percent

and not more than 102.0 percent of C10H12O3.

Packaging and storage—Preserve in well-closed containers.

USP Reference standards h11i—USP Ethylparaben RS.

USP Propylparaben RS.

Identification—

A: Infrared Absorption h197Mi.

B: Melting range h741i: between 968 and 998.

Color of solution—Dissolve 1 g in alcohol, dilute with

alcohol to 10 mL, and mix (Propylparaben solution). This

solution is clear and not more intensely colored than alcohol

or a solution prepared immediately before use by mixing 2.4

mL of ferric chloride CS, 1.0 mL of cobaltous chloride CS,

and 0.4 mL of cupric sulfate CS with 0.3N hydrochloric acid

to make 10 mL, and diluting 5 mL of this solution with 0.3N

hydrochloric acid to make 100 mL. Make the comparison by

viewing the solutions downward in matched color-compari-

son tubes against a white surface (see Color and Achromicity

h631i).

Acidity—To 2 mL of Propylparaben solution prepared in the

Color of solution test add 3 mL of alcohol, 5 mL of carbon

dioxide-free water, and 0.1 mL of bromocresol green TS, and

titrate with 0.10N sodium hydroxide: not more than 0.1 mL is

required to produce a blue color.

Residue on ignition h281i: not more than 0.1%, deter-

mined on 1.0 g.

Related substances—

Mobile phase: a mixture of methanol and a 6.8 g/L

solution of potassium dihydrogen phosphate (65 : 35 v/v)

Test solution—Dissolve 50.0 mg of Propylparaben in 2.5

ml of methanol, and dilute with Mobile phase to 50.0 mL.

Dilute 10.0 mL of this solution with Mobile phase to 100.0

mL.
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Reference solution A—Dissolve 50 mg each of p-hydro-

xybenzoic acid, USP Ethylparaben RS, and USP Propylpar-

aben RS in Mobile phase, and dilute with Mobile phase to

100 mL. Dilute 1 mL of this solution with Mobile phase to

100 mL.

Reference solution B—Dilute 1.0 mL of the Test solution

with Mobile phase to 20.0 mL. Dilute 1.0 mL of this solution

with Mobile phase to 10.0 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

with a detection wavelength of 272 nm and a 4.6-mm 6

15-cm column that contains 5-mm packing L1. The flow rate

is about 1.3 mL per minute. The run time is about 2.5 times

the retention time of propylparaben. Chromatograph Refer-

ence solution A, and record the chromatograms as directed for

Procedure: the retention time of propylparaben is about 4.5

minutes; the relative retention times with reference to

propylparaben as 1.0 for p-hydroxybenzoic acid, methylpar-

aben, ethylparaben, and butylparaben are about 0.3, 0.5, 0.7,

and 1.6, respectively; and the resolution, R, between

ethylparaben and propylparaben is not less than 2.0.

Procedure—Separarely inject equal volumes (about 10 mL)

of Reference solution B and the Test solution into the

chromatograph, and record the chromatograms. [NOTE—To

find the correction factor for the calculation of content,

multiply the peak area of p-hydroxybenzoic acid by 1.4.] The

p-hydroxybenzoic acid peak area is not more than the area of

the principal peak in the chromatogram obtained with

Reference solution B (0.5%); for unspecified impurities, the

peak area of each impurity is not more than the area of the

principal peak in the chromatogram obtained with Reference

solution B (0.5%); and the total peak areas for all impurities is

not more than twice the area of the principal peak in the

chromatogram obtained with Reference solution B (1.0%).

Disregard any limit that is 0.2 times the area of the principal

peak in the chromatogram obtained with Reference solution B

(0.1%).

Assay—

Mobile phase, Reference solution A, Reference solution B,

and Chromatographic system—Proceed as directed in the test

for Related substances.

Standard solution—Dissolve 50.0 mg of USP Propylpar-

aben RS in 2.5 mL of methanol, and dilute with Mobile phase

to 50.0 mL. Dilute 10.0 mL of this solution with Mobile

phase to 100.0 mL .

Assay preparation—Prepare as directed for the Test

solution in the test for Related substances.

Procedure—Separarely inject equal volumes (about 10 mL)

of the Assay preparation and the Standard preparation into

the chromatograph, and record the chromatograms. Calculate

the percentage content of propylparaben in the Assay

preparation from the peak areas in the chromatograms

obtained with the Assay preparation and the Standard

preparation and the declared content of USP Propylparaben

RS using the following formula:

P 6 (rU 6 CS) / (rS 6 CU)

in which P is equal to the labeled purity of USP

Propylparaben RS expressed as a percentage; rU is equal to

the peak area of propylparaben in the Assay preparation; rS is

equal to the peak area of propylparaben in the Standard

preparation; CU is equal to the concentration of Propylpar-

aben in the Assay preparation; and CS is equal to the

concentration of propylparaben in the Standard preparation.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an Expert Com-

mittee publishes an article on which they are specifically seeking comment, this will be clearly stated in the article. Readers may

submit comments on issues raised in this section, but comment is not as critical as that for the In-Process Revision section. Read-

ers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other commen-

taries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum

under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that they have not been

published previously in any language or medium and that they are not simultaneously under consideration by any other publica-

tion.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and if ac-

cepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of the USP Con-

vention (USPC) and may not be subsequently published elsewhere without written permission from the USPC. Authors are also

responsible for obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage (numbers, abbreviations,
etc.). For the latter, authors should use the current AMAManual of Style or the current ACS Style Guide. Authors may usefully consult a current
copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of Medicine’s

Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer examples of reference

formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding author.

This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the Scientific Liaison if they

would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the electronic file.

Submit the text in Microsoft1 Word or another current word-processing application. The preferred format for graphics submitted

electronically is tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for publication should be

addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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USP Responses to Comments on Stimuli Article, ‘‘The Application of
Uncertainty to USP’s Compendial Reference Standards Program: Certified

Reference Materials’’

Reference Standards Expert Committee Subcommittee on Certified Reference Materials,a Steven Lane, Shawn Dressman, Walter
W. Hauck, William F. Koch,b Roger L. Williams, USP

ABSTRACT Pharmacopeial Forum 33(6) [November–December 2007] included a Stimuli article titled ‘‘The Application of
Uncertainty to USP’s Compendial Reference Standards Program: Certified Reference Materials.’’ This Stimuli article articulated
efforts to advance official USP Reference Standards as Certified Reference Materials in accordance with guidances promulgated
by national and international metrology organizations such as the International Standards Organization (ISO) and the International
Bureau of Weights and Measures (BIPM). The article elicited comments that are abstracted here with USP responses.

INTRODUCTION

In Pharmacopeial Forum 33(6) USP authors published a
Stimuli article titled ‘‘The Application of Uncertainty to USP’s
Compendial Reference Standards Program: Certified Refer-
ence Materials’’ (1). This Stimuli article reviewed USP’s activ-
ities in creating comprehensive, practical, relevant, and timely
documentary standards and reference materials that help en-
sure the strength, quality, and purity of medicines (drugs, bio-
logics, and excipients) and foods (dietary supplements and
food ingredients). The paper discussed the rationale and opera-
tional details of USP’s emerging certified reference material
(CRM) program, as well as the compendial and regulatory ap-
plications of uncertainty of measurement and other relevant
information associated with CRMs. This Stimuli article eli-
cited two letters in response to the Stimuli article. We have ex-
tracted five key issues as expressed in these letters, namely, a
policy statement on CRMs, the benefits of CRMs, the misuse
and misunderstanding of CRMs, cost, and the formation of a
project team. These general issues will be addressed first, fol-
lowed by USP responses to specific concerns.

General Comments and USP Responses

1. Policy Statement on CRMs. USP believes that provision of
the national primary standard(s) for an article is a mandate gi-
ven to it in law in the US: cf. the adulteration provision of the
Federal Food, Drug, and Cosmetic Act: ‘‘A drug or device
shall de deemed to be adulterated . . . if it purports to be or
is represented as a drug the name of which is recognized in
an official compendium [including USP and NF], and its
strength differs from, or its quality or purity falls below, the
standards set forth in such compendium’’ [emphasis added]
(2). USP wishes to execute this mandate to the fullest possible
extent. It is the intent of the measurement science program at
USP to support the scientific deliberations of the Council of
Experts; to ensure that the USP Official Reference Standard

collection is maintained and grows in concert with USP mono-
graphs and the needs of our stakeholders globally; and to ad-
vance the metrological science of our reference standards,
including the issuance of CRMs as the application and in-
tended use demands. CRMs provide a means to establish true-
ness and traceability to the measurement system, thereby
allowing and enabling consistency and comparability of mea-
surements and results across time and space, and supporting
sound administrative and legal decisions. USP CRMs will
be first and foremost USP Reference Standards and in every
way responsive to the requirements set forth in USP–NF.

2. The Benefits of CRMs. A CRM is a material that is suffi-
ciently homogeneous and stable with reference to specified
properties and is established to be fit for its intended use in
measurement. Further, it is accompanied by documentation,
issued by an authoritative body, providing one or more speci-
fied property values, with associated uncertainties and trace-
abilities, using valid procedures (3).

Three additional definitions are critical to this discussion:
metrology, metrological traceability and uncertainty:

Metrology is the science of measurement, embracing both
experimental and theoretical determinations in any field of
science and technology. Metrology has three distinct branches,
all of which have relevance to the development, application,
and use of CRMs. Fundamental metrology includes the estab-
lishment of measurement units, new measurement methods,
realization of measurement standards and the transfer of trace-
ability. Applied metrology concerns the application of meas-
urement science to manufacturing, ensuring the suitability of
measurement instruments, their calibration, and quality con-
trol of measurements. Finally, legal metrology concerns regu-
latory requirements of measurements and measuring
instruments.

Metrological traceability is the property of a measurement
result whereby the result can be related to a stated reference
through a documented unbroken chain of calibrations, each
of which contributes to the measurement uncertainty.

Measurement uncertainty is a non-negative parameter char-
acterizing the dispersion of the quantity values being attribu-
ted to a measurand, based on the information used.

a For membership see Appendix.
b Correspondence should be addressed to: William F. Koch, PhD, US Pharma-
copeia, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel.
301.816.8562; e-mail wfk@usp.org.
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These points applied to pharmaceuticals are illustrated in
Figure 1, and the synergy of Reference Materials with com-
pendial methods should be noted. Proper and appropriate ap-
plication of this metrological traceability ladder ensures
comparability and consistency of measurement results across
time and space. Dr. Steven Westwood from the Bureau Inter-
national des Poids et Mesures (BIPM) has stated the metrolo-
gical grand challenge for USP is to provide USP Reference
Standards as CRMs (4).

Requirements for testing laboratories, as embodied in ISO
17025, are very clear about the need for documented reference
materials, emphasizing the importance of traceability and un-
certainty in measurement. USP CRMs will satisfy this require-
ment for laboratories that wish to comply with ISO 17025 (5).

It should also be noted that total measurement uncertainty
will indeed be compounded as one moves down the traceabil-
ity ladder, emphasizing the need for strict control of all sources
of variability in the measurement scheme. USP intends that the
uncertainty of assigned values for pharmacopeial standards
should be negligible in relation to the defined limits of the
method-specific assays of the pharmacopeia for which they
are used, but this is not always true. Awareness of the uncer-
tainty should be useful information to a user of an Official
USP Reference Standard.

The ultimate purpose of a USP CRM is to ‘‘center’’ and to
provide confidence in the analytical measurements that lead to
decisions regarding product specifications and acceptance lim-
its. The CRM does not contribute in any way to how either the
product specification or the acceptance is set—these are totally
different concepts derived from different principles (Figure 2)
However, the proper implementation and integration of a
CRM into the measurement process lends assurance the spe-
cifications and acceptance criteria are met.

3. Misuse andMisunderstanding of CRMs. Some of the com-
ments made apparent a general misunderstanding of CRMs as
applied to drugs, particularly a concern about misinterpreta-
tion and misuse. USP will work with its stakeholders to pre-
sent comprehensive information about CRMs. As noted
below, a Project Team is being established to facilitate better
communication, education, and training, needed to ensure op-
timal understanding of the use and value of CRMs. A few of
the concerns are noted and clarified below.

The distinction between acceptance limits and certificate
value and uncertainty must be clear. CRMs provide traceabil-
ity and uncertainty information. This information allows the
CRM user to make meaningful comparisons of measurement
results over time and between labs and to explain shifts in as-
say results when a new lot is received.

Similarly, by rigorously assessing all sources of variability
in a given material, as expressed in the uncertainty statement,
USP is better able to monitor CRMs and respond to reports of
changes in the CRM (6). USP’s continued suitability for use
program monitors the changes (if any) of the Reference Stan-
dards (RS) throughout the RS’s life cycle, as well as lot-to-lot
transitions.

USP acknowledges that the introduction to ISO Guide 31,
Reference Materials, Contents of Certificates and Labels (7)
states that CRM reports can be expensive and that an excep-
tion has been made for RS issued by pharmacopoeias. How-
ever, the Guide does not preclude a pharmacopoeia from
issuing CRMs that meet all the criteria set forth in the Guide

30 series, notably including Guide 34, General Requirements
for the Competence of Reference Material Producers (8). The
certificate that accompanies a reference material should con-
tain all the information essential for its use. The essential con-
tents of a CRM certificate are clearly stated. USP has reviewed
and revised the prototype Certificate as included in the original
Stimuli article (1) so that it is in full compliance with ISO
Guidelines and has recently been successfully audited by an
ISO accreditation agency to be in conformance.

Some comments suggested that pharmacopeial RS should
be distinguished from reference materials and CRMs that
may be used in several contexts using a variety of analytical
techniques for quantitative purposes (Ph. Eur. 5.12) (9). USP
CRMs will be pharmacopeial RS that meet all compendial re-
quirements, but they will include a pedigree that provides en-
hanced information about the material and value assignment.
The assignment of value will still be based on the compendial
method and/or procedure. USP is advancing the concept and
use of performance-based criteria for measurements to give in-
dustry great flexibility in choosing procedures/methods. In this
context, USP expects that a CRMwill be useful, in accordance
with principles of modern metrology

4. Cost Concerns. USP’s intent is to provide RS at a reason-
able price commensurate with the value added to the measure-
ment system. As USP introduces CRMs into the USP catalog,
there will not be a price differential between RSs and CRMs.
As the benefits of CRMs become recognized and accrue to
users, USP will price CRMs to reflect the added value.

5. Project Team Formation. USP agrees to form a Project
Team in accordance with the Rules and Procedures of the
Council of Experts. This Project Team will work with USP
to address industry needs, concerns, and questions. Other tasks
of the Project Team may be to prepare communication, educa-
tion, training, and similar materials to ensure optimal under-
standing of the use and value of CRMs.

Specific Comments and USP Responses

Comment: The ‘‘Uncertainty Considerations’’ section (pp.
1302–1304) cites Figure 2 several times. Because the figures
are divided into 2A, 2B, and 2C, we request clarification. In
addition, the last sentence ‘‘Other curves, not shown, could de-
monstrate the probability of failing . . .’’ is unclear because the
curves shown demonstrate the probability of failing. Also, we
would like to see copies of the information referenced from U.
Rose at the Ph. Eur. so that we have all of the references to
support the article.

USP Response:When ‘‘Figure 2’’ is cited in generic terms on
p. 1203 the comments apply to all figures and, as the context
makes clear, have to do with different assumptions about test
accuracy ratios (no USP error, 8:1, or 4:1 as shown in the le-
gends of Figures 2A, 2B, and 2C). The authors contacted U.
Rose at Ph. Eur. only to verify that the ratio of 4:1 is in fact
that used by Ph. Eur. On p. 1304 the authors state that the
curves in Figures ‘‘show only the effect of falsely failing items
that should pass. Other curves, not shown, could demonstrate
the probability of failing, thus increasing the probability of not
failing items that should fail’’ (emphasis added). An example
of the latter is presented in Figure 3. Figure 3 corresponds to
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Figure 2A from (1), except that it is changed so that the max-
imum error in the CRM is now shown decreasing the probabil-
ity of failing. Thus items that should fail (outside the red band)
have a lower probability of failing.

Comment: Ph. Eur. uses uncertainty as a tool to assess RS val-
ues, and in their general chapter on RS (5.12) (9) they adopt
the ISO position that pharmaceutical companies do not need to
formally state uncertainty values associated with their RS or
provide certificates and expiration dates. We urge USP to con-
sider the balanced approach taken by Ph. Eur.

USP Response: USP is aware of the ISO position and in fact
helped to create it several years ago. This position grants an
exception to pharmaceutical RS from the internationally re-
cognized requirements for RS for all other industrial sectors.
However, as measurement science and technology advance, so
too do the demands on reference materials. USP feels that the
pharmaceutical sector is ready for and now in certain circum-
stances needs the trueness and uncertainty assigned to CRMs
and does not need to invoke the exception in every case.

If uncertainty really is negligible, then inclusion of a value
for uncertainty on a Certificate of Analysis will not signifi-
cantly alter its use. Furthermore, awareness of the uncertainty
in a given material and measurement application should be
useful to a user of an Official USP RS. USP believes that better
application of measurement science will, as is noted widely,
support better measurements for administrative purposes by
first (seller), second (buyer), and third (regulatory—neither
seller nor buyer) parties.

Comment:We share the view set forth in Ph. Eur. 5.12 (4) that
pharmacopeial RS should be distinguished from CRMs. The
latter can be used in several contexts with a variety of analy-
tical techniques. The ISO process for CRMs seems more rele-
vant for use by a national metrology institute such as the
National Institute of Standards and Technology, which pro-
vides RS for a diverse customer base and ensures that users
are fully informed about the intended uses and limitations of
a CRM.

USP Response: To an extent, USP agrees. It will take time for
users to understand the value and application of CRMs. How-
ever, compendial measurements also may be used with a vari-
ety of analytical techniques. USP is advancing use of
performance criteria for procedures to give industry great flex-
ibility in choosing procedures/methods. In this context, USP
expects that a CRM will be useful in accordance with princi-
ples of modern metrology.

CONCLUDING OBSERVATIONS

It was noted in the responses to the original Stimuli article
that Ph. Eur. (4) uses only uncertainty to assess RS values
rather than providing certificates with uncertainty values and
expiration dates. What a manufacturer chooses to do or not do
is an internal matter. USP believes that better application of
measurement science will, as is noted widely, support better
measurements for administrative purposes by first, second,
and third parties, thus promoting value in commerce involving
pharmaceuticals.
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Pã s compendial Reference Standards Program: certified refer-

ence materials. Pharm Forum. 2007;33(6):1300–1310.

2. 21 USC 501(b).

3. BIPM et al. International Vocabulary of Basic and General

Terms in Metrology (VIM). 3rd ed. Geneva, Switzerland:

ISO;2007

4. Westwood S. BIPM and the establishment of international com-

parability of chemical measurements. Presented at: USPAnnual

Scientific Meeting; September 2007; Tampa, FL.

5. ISO/IEC. 17025:2005, General Requirements for the Compe-

tence of Testing and Calibration Laboratories. 2nd ed. Geneva,

Switzerland: ISO;2005.

6. Byrialsen, K, Soerensen, EM, Riber, UM, Redder, T, Jespersen,

AM, and Zeuthen, N. Uncertainty statements regarding USP ref-

erence standards. Pharm Forum. 2008;34(2):477–481.

7. ISO. Guide 31, Reference Materials: Contents of Certificates

and Labels. 2nd ed. Geneva, Switzerland: ISO;2000.

8. ISO. Guide 34, General Requirements for the Competence of

Reference Material Producers. 2nd ed. Geneva, Switzerland:

ISO;2000.

9. European Directorate for the Quality of Medicines. European

Pharmacopoeia. 5th ed. Strasbourg, France: EDQM;2006(Suppl.

5.12):4455–4458.

APPENDIX: RSEC SUBCOMMITTEE ON CRMS

Philip J. Palermo, PhD–Chair
Private Consultant

Matthew W. Borer, PhD
Eli Lilly and Company

David Fay, PhD
Tyco Healthcare/Mallinckrodt

Antony Raj Gomas, MS
Dr. Reddys Laboratories, Ltd.
Hyderabad, Andhra India

Shaohong Jin, BA
National Institute for the Control of
Pharmaceutical and Biological Products
China

Judy Lee, PhD
Purdue Pharma, LP

Maria Ines Santoro, PhD
University of Sao Paulo
Sao Paulo, Brazil 05508-900

STIMULI TO THE REVISION PROCESS
Pharmacopeial ForumStimuli articles do not necessarily reflect the policies

Vol. 34(6) [Nov.–Dec. 2008]of the USPC or the USP Council of Experts1610

#2008 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

S
ti

m
ul

i
to

th
e

R
ev

is
io

n
P

ro
ce

ss



Figure 1. Metrology applied to pharmaceuticals.
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Figure 2. Distinction between uncertainties and acceptance criteria.

Figure 3. Impact of Reference Standard Error.
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The Use of Inductively Coupled Plasma–Optical Emission Spectroscopy in the
Determination of Heavy Metals in Crospovidone and Povidone as a

Replacement for the Concomitant Visual Comparison Test

Sergio Lira,a Peter Brush,b Laurence Senak,a Chi-san Wu,a and Edward Malawerc,d

ABSTRACT The determination and quantification of heavy metals by the concomitant visual comparison test in the US Phar-
macopeia (USP) is more than 100 years old. Critical experimental examination of this method reveals two flaws: the loss of
analytes at elevated temperatures upon ashing the sample and the varied responses of several metals (including silver, arsenic,
cadmium, mercury, tin, bismuth, and antimony) to the sulfide reagent. As a result of these two flaws, the presence of heavy metals
in pharmaceutical excipients such as crospovidone can be significantly underreported. The purpose of this Stimuli article is to
demonstrate these deficiencies in the current method and to propose an alternative method, inductively coupled plasma–optical
emission spectroscopy (ICP–OES) for crospovidone and related materials. The satisfactory recovery of all 10 heavy metals
specified in the USP general test is demonstrated by the ICP method.

INTRODUCTION

The determination of heavy metals by concomitant visual
comparison is a general test in US Pharmacopeia (USP) Gen-
eral Chapter Heavy Metals h231i and in the European Phar-
macopoeia (EP) and is required for compliance to
monographs such as that for crospovidone, the pharmaceutical
grade of cross-linked poly(vinyl pyrrolidone). The pharmaco-
peias have long recognized the need for heavy metals testing
as a component of ingredient safety testing, and thus the con-
comitant visual comparison test dates back more than 100
years (1). Weaknesses in this method and potential solutions
have appeared in the literature recently. For example during
an attempt to harmonize, USP, EP, and Japanese Pharmaco-
poeia (JP) monographs for heavy metals, Blake noted that loss
of metals was a significant problem associated with the current
procedure (2). The Blake study facilitated a critical review of
the heavy metals test as practiced in USP. A subsequent report
examined the importance of testing for metals and setting of
limits in pharmaceutical excipients (3). As a solution to the
deficiencies of current heavy metals test methods, Lewen et
al. have proposed the use of inductively coupled plasma–mass
spectrometry (ICP–MS) for the screening of metals in active
pharmaceutical compounds (4).

The USP and EP methods are similar but not exactly the
same (5, 6). Both methods require a sample preparation step
that involves sample ignition followed by sample ashing at
600 8C (USP) or 800 8C (EP). After it is ashed, the residue
is then pH adjusted and a thioacetamide reagent, either freshly
generated hydrogen sulfide solution or thioacetamide–glycerin
base TS, is added to the sample tube. A 10 ppm lead standard
is prepared in the same way for use in the visual color com-
parison. Lead is one of the few heavy metals with minimal loss
during high-temperature ashing and responds well to the thioa-
cetamide reagent. The color of the sample solution should not

be darker than that of the standard solution. The directions in
both USP and EP state that 10 metals colored by the sulfide
ion under these test conditions are: lead, mercury, bismuth, ar-
senic, antimony, tin, cadmium, silver, copper, and molybde-
num. To compound the issue of metals lost in ashing the
sample, recent reports and the present work show that this
method is adequately sensitive for only a few of the ten metals
just listed. The loss of heavy metals during ashing has helped
promote the development of a new method for the analysis of
heavy metals by inductively coupled plasma–optical emission
spectroscopy (ICP–OES).

The proposed method employs acid digestion of the sample
followed by analysis using ICP–OES. One gram of sample is
added to a digestion vessel and is placed in a microwave di-
gester. The sample vessel is charged with nitric acid and sul-
furic acid and then is ramped up to a temperature of
approximately 280 8C. When the digestion of the sample is
complete, the remaining sulfuric acid is evaporated (at 350
8C) so that less than 1 gram of acid remains. The final solution
is then diluted to about 20 g with distilled water. The sample is
analyzed for lead, mercury, bismuth, arsenic, antimony, tin,
cadmium, silver, copper, and molybdenum using ICP. This re-
port shows that recovery using the ICP method is acceptable
for all 10 heavy metals listed in USP and EP tests.

PART I: AN EXAMINATION OF DEFICIENCIES IN
THE CURRENT USP MONOGRAPH FOR HEAVY

METAL ANALYSIS IN POVIDONE AND
CROSPOVIDONE

As noted, two deficiencies limit the use of the current USP
monograph for the determination and quantification of heavy
metals in povidone and crospovidone. In the first part of the
investigation, the authors studied the effect of heating and
temperature on volatilization of the metals in question. Ten test
sample solutions were made, each of which contained 10 ppm
of one of the 10 heavy metals under evaluation: lead, mercury,
bismuth, arsenic, antimony, tin, cadmium, silver, copper, and
molybdenum. These solutions contained no sample and only a
spike of the heavy metal in question. Each of the ten test solu-
tions was then subdivided into three equal portions. One of the

a Analytical Department, International Specialty Products
b Product Development, AstraZenecaPharmaceuticals
c Malawer & Associates Consulting
d Correspondence should be addressed to Kahkashan Zaidi, PhD, Senior
Scientist, US Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD
20852-1790; tel. 301.816.8269; e-mail kxz@usp.org
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subdivided portions was then simply evaporated on a hot
plate. Another of the portions was ashed at 600 8C (the lower
of the two ashing temperatures). The last portion was then acid
digested using the prescribed sample preparation steps for the
ICP–OES method as described in Part II of this report. The
metals concentration of each of these test samples was then
determined by ICP–OES. The results for each of these test
samples, each containing an individual heavy metal, are listed

in Table 1. Table 1 shows that a greater loss of heavy metals
occurs after the 600 8C ashing step than after hot plate evap-
oration or acid digestion when all samples are evaluated by
ICP–OES. After ashing, the only metals that did not suffer a
notable loss due to volatilization at 600 8C were cadmium and
lead (used as the standard for visual comparison). The test so-
lutions analyzed by the acid digestion procedure did not show
extensive loss in heavy metals content due to volatilization.

Table 1. Effects on Test Samples of Heating/Temperature on Volatilization of Heavy Metals Using ICP Detection

Heavy Metal
Spiked

Test Solution with 10 ppm Heavy Metal

Pharmacopeial Methodology ICP Sample Preparation

After Hot Plate
Evaporation After 600 8C Ashing After Acid Digestion

PPM % Recovery PPM % Recovery PPM % Recovery

Silver (Ag) 5.2 52 1.8 18 9.4 94
Arsenic (As) 3.4 34 5.2 52 9.0 90
Bismuth (Bi) 10.5 105 5.4 54 9.9 99
Cadmium (Cd) 11.0 110 9.4 94 10.6 106
Copper (Cu) 10.4 104 4.8 48 10.5 105
Mercury (Hg) 5.6 56 0.6 6 10.7 107
Molybdenum (Mo) 9.5 95 4.7 47 9.8 98
Lead (Pb) 12.5 125 9.6 96 10.5 105
Antimony (Sb) 4.6 46 0.5 5 10.4 104
Tin (Sn) 7.0 70 0.3 3 10.9 109

After the test solutions were found to exhibit a high loss of
heavy metals due to volatilization, actual samples were inves-
tigated to see if they exhibited the same effect. Crospovidone
(Polyplasdone XL, ISP, Wayne, NJ) was used to test this hy-
pothesis. All samples were prepared either according to the
monograph method (using a 600 8C ashing temperature) or
by the ICP sample preparation method described later. Each
sample was independently spiked with the equivalent of 10
ppm of a different heavy metal, totaling 20 samples. The sam-
ples were then analyzed by ICP (Table 2). Table 2 illustrates

that the spiked samples of crospovidone show noticeable
losses after the 600 8C ashing step for silver, arsenic, mercury,
antimony, and tin. Compared to the data shown in Table 1, one
notices a slight improvement in the results for spiked samples
(compared to sample blanks), which indicates that the pres-
ence of sample helped to limit somewhat the volatility of cer-
tain heavy metals (e.g., bismuth, copper, and molybdenum).
The blanks analyzed by the acid digestion procedure displayed
minimal loss in heavy metals content due to processing.

Table 2. Effect on Sample of Heating/Temperature on Volatilization of Heavy Metals Using ICP Detection

Heavy Metal
Spiked

Crospovidone Spiked with 10 ppm Heavy Metal

Pharmacopeial Methodology ICP Sample Preparation

After 600 8C Ashing After Acid Digestion

PPM %Recovery PPM %Recovery

Silver (Ag) 5.7 57 8.2 82
Arsenic (As) 4.3 43 9.6 96
Bismuth (Bi) 7.7 77 9.1 91
Cadmium (Cd) 9.7 97 9.0 90
Copper (Cu) 9.9 99 9.5 95
Mercury (Hg) 0.6 6 9.8 98
Molybdenum (Mo) 9.1 91 9.1 91
Lead (Pb) 10.1 101 8.6 86
Antimony (Sb) 6.2 62 10.5 105
Tin (Sn) 4.3 43 9.5 95
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PART II: A PROPOSED ICP–OES METHOD

The second part of this investigation concerned the reaction
of heavy metals with the sulfide ion reagent produced from
either a freshly prepared saturated solution of hydrogen sulfide
(using H2S gas) or from thioacetamide reagent. The USP and
EP Heavy Metals tests state that the 10 heavy metals under
study (in cationic form) each will form a colored complex with
the sulfide ion. These colored complex solutions must be vi-
sually compared to a standard 10 ppm lead solution. This
methodology was followed using 10 solutions, each spiked
with 10 ppm of a different heavy metal. Each heavy metal
was tested according to these conditions in order to ascertain
if it did indeed formed a visually detectable colored complex
with the sulfide ion in the timeframe allotted. The results of
this testing are shown in Table 3. Table 3 shows that silver,
arsenic, cadmium, mercury, and tin appear to display no reac-
tivity, or at least not to form visible colored complexes, in their
reactions with sulfide ions. From the data presented (Tables 2
and 3), it is evident that the following heavy metals cannot be
detected using the hydrogen sulfide methodology alone: silver,
arsenic, bismuth, cadmium, mercury, antimony, and tin. Thus,
the heavy metals test as listed produces a total response only
for the metals copper, molybdenum, and lead. Analysts should
note that arsenic and mercury, two very toxic metals, are not
detected at all by the methodology in the monographs.

Table 3. Results of Test to Determine Reactivity with
Sulfide Ions

Heavy Metal
Reactivity with

Sulfide Ion Description

Silver (Ag) Negative clear
Arsenic (As) Negative clear
Bismuth (Bi) Positive pale yellow
Cadmium (Cd) Negative clear
Copper (Cu) Positive pale yellow
Mercury (Hg) Negative clear
Lead (Pb) Positive pale orange
Molybdenum (Mo) Positive bright yellow
Antimony (Sb) Positive pale yellow
Tin (Sn) Negative clear

Because of the deficiencies in the current USP Heavy Me-
tals methodology, another means is needed to quantify metals
in povidone and crospovidone. Following is an outline of a
method based on ICP–OES for the determination of heavy
metals in povidone and crospovidone.

Reagents

Concentrated nitric acid (trace metal grade) and concen-
trated sulfuric acid (trace metal grade) were purchased from
GFS Chemicals (Columbus, OH). Type I water (18 m�) was
prepared by passing deionized water through a Milli-Q water
system (Millipore, Billerica, MA). ICP stock standard solu-
tions at concentrations of 1000 mg/mL were purchased from
High-Purity Standards (Charleston, SC); solutions included
silver, arsenic, bismuth, cadmium, copper, mercury, molybde-
num, lead, antimony, tin, and gold. Povidone (Plasdone K-90)
and Crospovidone (Polyplasdone XL, XL-10, and INF-10)
were provided by ISP.

Standard Preparation

Working standard solutions were prepared containing 0.1,
0.5, and 1.0 mg/mL each of the element of interest by diluting
the individual stock solutions, excluding mercury, in 5% sul-
furic acid solution (w/w). A separate set of working standard
solutions was prepared containing mercury and gold (also at
concentrations of 0.1 mg/mL, 0.5 mg/mL, and 1.0 mg/mL) in
a proportion of 1:3 to prevent mercury accumulation on the
tubing and spray chamber of the ICP.

Sample Preparation

The samples were digested using a CEM Star 6 automated
digester (CEM, Inc., Matthews, NC). About 1 g of sample was
added to a digestion vessel and placed in the digester. The di-
gestion processes began according to the manufacturer’s di-
gestion program. The vessel was first charged with 10 mL
of concentrated sulfuric acid and 1 mL of concentrated nitric
acid, and then the temperature was increased as shown in (Ta-
ble 4). After the digestion and evaporation were complete, the
sample vessel was cooled to room temperature. Distilled water
was added to the vessel to obtain a total weight of sample solu-
tion of approximately 20 grams. The solution was mixed and
transferred to a 25-mL sample vial for analysis by ICP–OES.

Table 4. Automated Digestion Program: Temperature Algorithm

Stage

Ramp
Time
(min)

Temperature
(8C)

Time at
Parameter
(minutes) Reagent

Total
Volume
(mL)

Aliquots
(mL)

1 10:00 150 5:00 HNO3 4.0 0.4
2 1:00 180 5:00 HNO3 4.0 0.8
3 3:00 250 5:00 HNO3 4.0 0.8
4 1:00 280 0:10 None — —
5 0:00 250 11:00 HNO3 22.0 1.0
6 0:00 200 5:00 H20 5.0 1.0
7 Evaporation stage conditions:

� �T = 28 8C
� Delay Time = 0 s
� Overtime = 10:00 min
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Instrumentation

An axial ICP–OES was used in this procedure (Vista-Pro,
Varian, Palo Alto, CA). Table 5 lists the specific operating
parameters used in the instrument, and Table 6 shows the
wavelength selected for each element in this study.

Table 5. Instrumental Parameters Used

Power 1.05 kW
Plasma Gas Flow 15.0 L/min
Auxiliary Gas Flow 1.5 L/min
Nebulizer Pressure 0.85 kPa
Nebulizer Type C (high dissolved solids

solution)
Spray Chamber Cyclonic
Sample Tubing White–white
Drain Tubing Blue–blue
Torch Type Axial 90-degree torch
Pump Speed 10 rpm
Sample Delay 35 s
Stabilization Time 20 s
Rinse Time 60 s
Replicate Time 5 s
Replicates 3

After the ICP–OES was tuned and calibrated, the working
and spiked samples were analyzed for the metals of interest.

Table 6. Wavelengths Monitored

Heavy Metal Wavelength (nm)

Silver 328.068
Arsenic 188.980
Bismuth 223.061
Cadmium 228.802
Copper 324.754
Mercury 253.652
Lead 220.353
Molybdenum 204.598
Antimony 217.582
Tin 283.998

RESULTS AND DISCUSSION

Linearity

A least-squares fit was constructed for each of the 10 metals
with respect to its peak intensity vs the known concentrations
of standards (0.1 ppm, 0.3 ppm, 0.5 ppm, 0.8 ppm, and 1.0
ppm). These standards were employed to ascertain the linear-
ity of this method from 0 ppm to 20 ppm of heavy metals in the
sample. The concentrations of standards used above are in-
tended to accommodate the 20:1 aqueous dilution of the sam-
ples studied (see sample preparation section). The equations
obtained are in the format of

y = mx + b

where m is the slope of the line and b is the y-intercept. Table 7
show the equations obtained for each metal.

Table 7. Equation Used for Each of the Heavy Metals

Metal Wavelength (nm) Equation
Correlation
coefficient

Silver 328.068 y = 962.24x – 26.38 0.9999
Arsenic 188.980 y = 14.834x + 5.86 0.9997
Bismuth 223.061 y = 53.147x – 2.40 0.9998
Cadmium 228.802 y = 523.23x – 28.69 0.9999
Copper 324.754 y = 1024.8x + 35.38 0.9999
Mercury 253.652 y = 39.651x – 0.34 0.9996
Molybdenum 204.598 y = 105.32x – 6.67 0.9999
Lead 220.353 y = 29.321x + 1.13 0.9999
Antimony 217.582 y = 12.093x –1.88 0.9991
Tin 283.998 y = 27.565x + 2.03 0.9998

Detection and Quantitation Limits

The detection and quantitation limits were calculated based
upon the standard deviation of the response and the slope. The
detection limit (DL) is expressed as

DL = 3.3/S

and the quantitation limit (QL) is expressed as

QL = 10/S

where the standard deviation of the response, S, is equivalent
to the slope of the calibration curve. The results are listed in
Table 8. Different grades of crospovidone and povidone were
spiked with 5.0 ppm, 10 ppm, and 15 ppm of the heavy metals
and were analyzed three times. All spiking was done prior to
digestion. The results of the analysis are shown in Table 9.
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Table 8. Detection and Quantitation Limits for Each Metal
in the Sample

Metal
Detection Limit

(ppm)
Quantitation
Limit (ppm)

Silver 0.003 0.010
Arsenic 0.222 0.673
Bismuth 0.062 0.188
Cadmium 0.006 0.019
Copper 0.003 0.010
Mercury 0.108 0.328
Molybdenum 0.031 0.095
Lead 0.113 0.341
Antimony 0.273 0.826
Tin 0.120 0.363

Various grades of cospovidone and povidone (Polyplas-
done XL, Polyplasdone XL-10, Polyplasdone INF-10, and
Plasdone K-90) were analyzed according to the ICP–OES
procedure outlined, and in no case were the 10 heavy metals
under investigation detectable.

Table 9. Percent Recovery of Each of the Heavy Metals in Different Grades of Crospovidone and Povidone

Product Crospovidone Povidone

Grade XL XL-10 INF-10 K-90

Metal
Spike
(ppm) %Recovery %Recovery %Recovery %Recovery

Silver 5 89.3 92.0 91.5 94.9
10 95.2 94.0 92.4 92.2
15 97.2 98.9 88.0 96.2

Arsenic 5 85.1 86.5 94.7 98.8
10 87.7 88.0 83.2 92.4
15 86.2 87.9 96.0 82.4

Bismuth 5 96.9 93.7 95.3 98.3
10 94.4 92.4 94.2 93.4
15 97.0 96.3 90.7 96.2

Cadmium 5 95.9 97.8 95.7 98.3
10 98.8 99.2 95.1 93.2
15 99.5 101.2 87.8 98.0

Copper 5 100.9 98.3 99.1 102.1
10 99.3 99.5 96.7 96.0
15 99.5 100.7 91.8 99.8

Mercury 5 98.7 92.9 108.5 115.3
10 109.3 91.7 111.6 106.6
15 96.0 97.4 91.0 110.0

Molybdnium 5 94.5 95.9 96.9 98.3
10 97.0 96.5 94.7 92.0
15 98.4 99.7 90.9 96.9

Lead 5 93.9 99.6 92.3 99.3
10 97.3 95.7 92.5 92.3
15 98.2 97.9 84.6 96.2

Antimony 5 85.7 94.3 89.2 97.0
10 93.8 87.0 90.5 98.2
15 93.5 90.4 95.3 98.2

Tin 5 92.6 96.6 92.1 99.4
10 93.3 90.2 92.3 94.7
15 94.7 88.8 89.9 96.9
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CONCLUSION

This report suggests the ICP–OES method may be suitable
for detection of the 10 heavy metals listed in USP and EP. The
inadequacies of the current USP hydrogen sulfide methodol-
ogy for metals in crospovidone and povidone have been de-
monstrated, both in terms of the loss of metals during ashing
at the high temperatures needed and the absence of color re-
sponse for silver, arsenic, cadmium, and tin. This Stimuli arti-
cle proposes an alternative methodology employing ICP–
OES. None of the 10 heavy metals have been detected in
any of the crospovidone and povidone materials studied to
date. This Stimuli article further suggests that the sensitivity
of ICP–OES is adequate at the current aggregate maximum ac-
ceptable value of heavy metals of 10 ppm set byUSP. Thus the
additional sensitivity provided by the more complex and
costly ICP–MS tandem technique utilized by Lewen et al.
may not be necessary.

The USP heavy metals test is incapable of detecting a num-
ber of heavy metals in excipients (and drug products), and the
measurements of some of the other metals that are observed
suffer from recovery issues when the USP ashing procedure
is employed. The authors recommend that the concomitant vi-

sual comparison test based upon reaction with hydrogen sul-
fide be replaced with the ICP–OES method at the earliest
possible time.
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Compendial Calculations: Recommendations for Improving
USP–NF Calculationsa

Compendial Calculations Project Team: Philip Travis (Chair), Midwest Compendial Discussion Group; Jason Lu, Calibration &
Validation Group; Don Magin and Bukhosi Ndlovu, New Jersey Pharmaceutical Quality Control Association; Andy Sopirak,

Pharmaceutical Research & Manufacturers of America; Marina Aerova, Western Compendial Discussion Group

ABSTRACT This Stimuli article summarizes the recommendations of the Prescription/Nonprescription Stakeholder Forum’s
Compendial Calculations Project Team for improving mathematical information (and related topics) within USP–NF. The
recommendations are intended to improve the mathematical functionality of USP–NF for common applications within the
pharmaceutical industry and to standardize the formulas and variables within USP–NF. The recommendations are made to the
Chair, Council of Experts, for further consideration, subject to the Council’s Rules and Procedures.

BACKGROUND

In 2003 a proposal was submitted by Merck & Co. Inc., to
clarify and standardize the calculations within the United
States Pharmacopeia (USP). This proposal was developed
further by the Pharmaceutical Research & Manufacturers of
America (PhRMA), and a Stimuli article titled ‘‘Compendial
Calculations: Improving Calculations in USP–NF’’ was sub-
mitted to Pharmacopeial Forum (PF) in 2004 (1). In early
2005 USP published two Stimuli articles, ‘‘Common Pharma-
copeial Calculations in USP Monographs’’ and ‘‘The Use of
Relative Response Factors to Determine Impurities’’ (2, 3).
Although some of the suggestions differed, representatives
from the pharmaceutical industry and USP agreed that im-
provements were desirable.

In association with the USP Prescription/Nonprescription
Stakeholder Forum, the Compendial Calculations Project
Team (Project Team) was formed in 2006. The charge of the
Project Team was to open a dialog between industry stake-
holders and USP to review the three Stimuli articles as the
foundation for a discussion about next steps and the path for-
ward for compendial calculations. Once the charge was estab-
lished, two primary goals were set: 1) to standardize common
calculations, clarify ambiguous factors, and add missing cal-
culations; and 2) to improve allied USP systems and eliminate
redundancy.

INTRODUCTION

This article summarizes the recommendations of the Project
Team as a path forward in developing the calculations and im-
proving the overall usability of USP–NF.

I. Universal Improvements

Variables
The variables used within monograph calculations should

be standardized. Where possible, the variables should align
with the recommendations provided in the USP–NF Calcula-
tion Templates for General Chapters (Attachment 1).

Example: Current Procedure for Microcrystalline
Cellulose, Identification B
Calculate the degree of polymerization, P, by the
formula:

(95)[Z]c/WS[(l00 – %LOD)/100]

in which [Z]c is the intrinsic viscosity; WS is the
weight, in g, of the Microcrystalline Cellulose ta-
ken; and %LOD is the value obtained from the test
for Loss on drying.
Standardized Variables:

in whichW is the weight, in g, of the Microcrystal-
line Cellulose taken; and A is the percent Loss on
drying value, as a decimal.

General Chapter References
Where appropriate, methods that apply technology covered

by the General Chapters should reference those chapters. For
example, General Chapter Spectrophotometry and Light-scat-
tering h851i is not always included with UV/VIS methods of
analysis.

Appearance
Maintain a clear separation of mathematical functions to

avoid confusion with the order of operations.a Correspondence should be addressed to: Karen A. Russo, PhD, Director,
Small Molecules and Monograph Acquisition, US Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8379; e-mail
kar@usp.org.
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Example (Attachment 1, Section 1.B)

Order
Present the variables with the experimental results in the be-

ginning of the calculation, followed by the experimental data,
conversion factors, and constants.

Example (Attachment 1, Section 2.A)

#1 — Experimental results
#2 — Experimental data
#3 — Conversion factors
#4 — Constants.

Specifications
Limits for compendial methods should be standardized be-

tween the individual monographs when possible [e.g., related
compounds (%), heavy metals (ppm), etc.]

Units
Variables, constants, conversion factors, etc. should be pro-

vided with the appropriate units.

Constants
Combined constants that are used in USP to correct for mo-

lecular weight, unit conversions, etc. need to be separated and
defined within the formulas.

Results
Calculations should be complete and should generate re-

sults in units that are identical to those in the specifications.

Significant Figures/Decimal Places
Values reported in a test or required for labeling and applied

in calculations for compendial methods must have an appro-
priate number of significant figures/decimal places to generate
the appropriate result. For example, the specification for Povi-
done K is 85.0%–115.0% or 90.0%–108.0% of the stated val-
ue. Defining the stated amount on the label as a whole number
does not provide the significant figures needed to calculate a
result to the first decimal place. See Section VI for additional
recommendations regarding significant figures.

II. General Notices

The following recommendations are based on the existing
version of the General Notices. The recommendations are pro-
vided for consideration by USP and the General Notices Pro-
ject Team.

Numerical Limits
Where a monograph provides the limit in two forms (com-

parison to a standard and numerical limit), in case of doubt or
dispute compliance to the monograph should be determined
by the numerical limit when possible. For example, the limit
of nitrilotriacetic acid for Edetate Disodium is a comparison to
a spiked sample solution, but the concentration of the nitrilo-
triacetic acid can be accurately determined from initial weight
in the Standard stock solution. See Section III Monographs
and Section V Monograph Submission Guideline for further
discussion.

Proposed Text: Tests and Assays
Qualitative and Quantitative Limits—Where a
monograph provides the limit in two forms (Qua-
litative comparison and Quantitative limit), either
may be used to determine compliance with the
monograph requirement. However, in case of
doubt or dispute, compliance should be deter-
mined by the numerical limit whenever possible.

Example:
Edetate Disodium (Limit of nitrilotriacetic acid):
Standard stock solution—Transfer about 100 mg
of nitrilotriacetic acid, accurately weighed, to a
10-mL volumetric flask, add 0.5 mL of ammonium
hydroxide, and mix. Dilute with water to volume,
and mix.
Standard solution—Transfer 1.0 g of Edetate Di-
sodium to a 100-mL volumetric flask, add 100
mL of Standard stock solution, dilute with Cupric
nitrate solution to volume, and mix. Sonicate, if
necessary, to dissolve.
Test solution—Transfer 1.0 g of Edetate Disodium
to a 100-mL volumetric flask, dilute with Cupric
nitrate solution to volume, and mix. Sonicate, if
necessary, to dissolve.
Procedure— . . . The response of the nitrilotriacetic
acid peak obtained from the Test solution does not
exceed the difference between the nitrilotriacetic
acid peak responses obtained from the Standard
solution and the Test solution: not more than
0.1% of nitrilotriacetic acid is found.

Percent
Results for a limit in percent use a factor of 100 to convert

the final value from a decimal to percent. To avoid defining
100 as a percent conversion in each monograph and chapter,
we recommend using ‘‘100%’’ in the calculations and defining
the expression in the General Notices.
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Proposed Text: Tests and Assays
100%—The term 100% is used to define the con-
version factor of 100 in calculations to change re-
sults from a decimal to a percent.

Rounding
USP defines the process for rounding the reportable results

generated from compendial methods, but some users might
not consider system suitability requirements as reportable val-
ues. To ensure clarity regarding rounding results for system
suitability, we recommend a second note under the Significant
Figures and Tolerances section. Additionally, ‘‘fixed number’’
limits should be clarified for proper application.

Proposed Text: Significant Figures and Tolerances
Interpretation of Requirements—. . .

NOTE—Limits, which are based on fixed values
(limiting or comparison standards), are not
rounded off. Calculating system suitability results
follows the same rounding procedures as final cal-
culations for reportable values

Calculations
To support the current calculations and revisions proposed

by the Project Team, we recommend adding to the General
Notices a statement that allows alternative calculations. This
will ensure that USP customers are aware when compendial
calculations in the Monographs and General Chapters are flex-
ible and permit alternative calculations.

Proposed Text: Tests and Assays
Compendial Calculations—Calculations provided
within the Monographs and General Chapters
sometimes present one of several alternative ap-
proaches. Experimental results at times can be de-
termined by different means, and the formulas
provided in USP present one possibility. Other for-
mulas or methods of calculation that provide suit-
able results can be substituted with appropriate
validation.

III. MONOGRAPHS

Detector Response Factors
USP has acknowledged an inconsistency in the terminology

and application of detector response factors in monograph cal-
culations (3). To resolve this issue the Project Team recom-
mends harmonization with the European Pharmacopoeia
and the British Pharmacopoeia. Application of a detector re-
sponse factor (referred to as a Correction Factor, FC) in the nu-
merator should be implemented and defined as the ratio of the
peak response of the reference analyte to an equal mass of the
unknown analyte. Application of a detector response factor in
the denominator should be referred to as a Response Factor
and can be defined as the ratio of the peak response of the un-
known analyte to an equal mass of the reference analyte (FR).

Correction Factor (FC) = 1/Response Factor (FR)

Numerical Limits
Where a monograph provides the limit in two forms (com-

parison to a standard and numeric limit) and a calculation is
possible, the Project Team does not recommend converting
the method to allow only a calculated result. This change
could have a significant impact on industry, and any change
should be handled on a case-by-case basis and processed
through the PF review cycle (see Numerical Limits under Sec-
tion II).

Calculations
Monograph-specific calculations should remain in the

monographs as they are currently applied. Dissolution calcula-
tions may be added to the monographs but are not recom-
mended for multiple-time-point methods where the analysis
may be performed independently for each aliquot. Additional
calculations to support other techniques (e.g., titrations) can be
added into the General Chapters.

IV. General Chapters

General calculations should be presented in the appropriate
General Chapters (Attachment 1). This will provide back-
ground for monograph-specific calculations and will support
the General Chapter application for materials and products
in development.

In addition to providing general calculations, the Project
Team recommends clarifying the sample weight calculation
in General Chapter Water Determination h921i (Attachment
2). The combined calculation for sample weight and buret vol-
ume does not provide the appropriate guidance about estab-
lishing the variables or the interrelationship between the two
requirements.

V. Monograph Submission Guideline

Detector Response Factors
In an effort to standardize equations, the Project Team sup-

ports a core expectation of using Response Factors (FR) in new
monographs. When a company needs to apply Correction Fac-
tors (FC), they can provide the appropriate justification to USP
(also see Detector Response Factors in Section III).

Numerical Limits
Where results can be calculated as a specific value, calcula-

tions should be provided in the monographs instead of com-
parisons (e.g., the peak area from the test solution is less than
the peak area of the standard solution) unless otherwise justi-
fied (see Numerical Limits in Sections II and III).

VI. Other Topics

During the discussions industry groups submitted several
topics to the Project Team. Some of these topics were not di-
rectly related to the scope of the Project Team’s activities but
had value for the development of USP–NF.

Multiple Injections
The Project Team has asked the General Notices Project

Team to consider if the allowance to apply multiple injections
and ongoing system suitability injections (bracketing stan-
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dards) could be clarified. To initiate the discussions the Project
Team drafted the following proposal with the General Notices
Project Team Chair:

Proposed Text: Tests and Assays
Tests and assays in this pharmacopeia prescribe operation

on a single specimen, that is, the singlet determination, which
is the minimum sample on which the attributes of a compen-
dial article should be measured. Users may apply replicate in-
jections or preparations of a sample and/or standard based on
their individual quality control policies and practices.

Informational Chapter(s)
For the practical application of Monographs and General

Chapters, the Project Team feels the recommendations listed
in this Stimuli article provide a suitable level of information
about compendial calculations and provide the information
in a convenient location. Additional topics may be of value
as General Information Chapters and should be considered
by the USP General Chapter Expert Committee. These topics
include:
� Significant figures—A General Information Chapter with some

basic concepts may aid industry (e.g, Pharmaceutical Calcula-

tions in Prescription Compounding h1160i). The chapter should
consider the effect of new technology whereby the increasing

number of significant figures generated by instruments becomes

meaningless to the reportable result.
� Titration Reactions—General Chapter Titrimetry h541i provides

a basic overview of titration reactions. A General Information

Chapter that provides more detail about the chemistry and

mathematics of these reactions might be a valuable reference (2).

VII. Recommendations for Implementation

Detector Response Factors
The Monograph Submission Guideline should be updated

to allow application of response factors unless there is justifi-
cation to include correction factors. Current monographs
should be updated to reference correction factors or response
factors based on relevant mathematical applications. The dis-
cussion of the terminology and application of detector re-
sponse factors should be added to the Interpretation of
Chromatograms section of General Chapter Chromatography
h621i.

General
The Project Team recommends a two-step plan for imple-

mentation. First, the General Chapters, General Notices, and
Monograph Submission Guideline need to be updated with
the necessary information and formulas. Then, the current
monographs should be updated in sections to allow industry
sufficient time to confirm the calculation revisions.
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Attachment 1

USP–NF Calculation Templates: Proposed General Cal-
culations for Addition to the Specified Chapters

[NOTE: Variables in the calculation templates not required
by a specific Monograph or General Chapter method would
default to a value of 1.]

1. Titrimetry h541i
A. Calculation by direct titration

VU = Sample titration volume (mL)
VB = Blank titration volume (mL)
NA = Actual normality of the titrant (N)
F = Conversion factor (mg sample/mL of titrant at the theoretical normality)
NT = Theoretical normality of the titrant (N)
W = Sample weight in the aliquot used for the titration (mg)
A = Assay correction (decimal) [loss on drying, water, or loss on ignition]
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B. Calculation by residual titration

VB = Blank titration volume (mL)
VU = Sample titration volume (mL)
NA = Actual normality of the titrant (N)
F = Conversion factor (mg sample/mL of primary VS at the theoretical normality)
NT = Theoretical normality of the titrant (N)
W = Sample weight in the aliquot used for the titration (mg)
A = Assay correction (decimal) [loss on drying, water, or loss on ignition]

2. Chromatography h621i
A. Calculating a Test Solution Concentration (CU) for Pooled Samples

[Example: Grind 10 tablets, and weigh a portion equivalent to the number of mg of the active.]

W = Sample weight (mg) [corrected for loss on drying, water, loss on ignition, residual solvents, etc. (as needed)]
Wbar = Average unit weight (mg/unit)
D = Sample dilution volume (mL)

B. Calculation from a standard area (drug substance)
Weight Result (mg) = (rU / rS) � CS � D � (FC /FR) � FM � (MW1 /MW2)
%Result = (rU / rS) � (CS /CU) � (FC /FR) � FM � (MW1 /MW2) � 100%

rU = Peak response(s) (area, height, etc) obtained from the test solution
rS = Peak response(s) (area, height, etc) obtained from the standard solution
CS = Concentration of standard solution (mg/mL) [corrected for purity
CU = Concentration of test solution (mg/mL) [corrected for loss on drying, water, loss
on ignition, residual solvents, etc. (as needed)]
D = Dilution for the test solution (mL)
FC = Correction factor for the detector response
FR = Response factor for the detector response
FM = Any other monograph factors (e.g., unit conversion)
MW1/MW2 = Molecular weight ratio

C. Calculation from a standard ratio (drug substance)
Weight Result (mg) = (RU /RS) � CS � D � (FC /FR) � FM � (MW1/MW2)
%Result = (RU /RS) � (CS/CU) � (FC /FR) � FM � (MW1 /MW2) � 100%

RU = Internal standard ratio (peak response of the analyte/peak response from the internal
standard) obtained from the test solution
RS = Internal standard ratio (peak response of the analyte/peak response from the internal standard) obtained from
the standard solution
CS = Concentration of standard solution (mg/mL) [corrected for purity]
CU = Concentration of test solution (mg/mL) [corrected for loss on drying, water, loss on ignition, residual sol-
vents, etc (as needed)]
D = Dilution for the test solution (mL)
FC = Correction factor for the detector response
FR = Response factor for the detector response
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FM = Any other monograph factors (e.g., unit conversion)
MW1 /MW2 = Molecular weight ratio

D. Calculation from a standard area (dosage form)
Weight Result (mg/unit) = (rU / rS) � (CS /CU) � (FC /FR) � FM � (MW1 /MW2)
%Label Claim = (rU / rS) � (CS /CU) � (FC /FR) � FM � (MW1 /MW2) � (100%/L)

rU = Peak response(s) (area, height, etc) obtained from the test solution
rS = Peak response(s) (area, height, etc) obtained from the standard solution
CS = Concentration of standard solution (mg/mL) [corrected for purity]
CU = Concentration for the test solution (unit/mL) [where unit = tablet, volume, vial, etc.]
FC = Correction factor for the detector response
FR = Response factor for the detector response
FM = Any other monograph factors (e.g., unit conversion)
MW1 /MW2 = Molecular weight ratio
L = Label claim (mg/unit)

E. Calculation from a standard ratio (dosage form)
Weight Result (mg/unit) = (RU /RS) � (CS /CU) � (FC /FR) � FM � (MW1 /MW2)
%Label Claim = (RU /RS) � (CS /CU) � (FC /FR) � FM � (MW1 /MW2) � (100%/L)

RU = Internal standard ratio (peak response of the analyte/peak response from the internal standard) obtained
from the test solution
RS = Internal standard ratio (peak response of the analyte/peak response from the internal standard) obtained from
the standard solution
CS = Concentration of standard solution (mg/mL) [corrected for purity]
CU = Concentration for the test solution (unit/mL) [where unit = tablet, volume, vial, etc.]
FC = Correction factor for the detector response
FR = Response factor for the detector response
FM = Any other monograph factors (e.g., unit conversion)
MW1 /MW2 = Molecular weight ratio
L = Label claim (mg/unit)

F. Calculation from an area normalization
%Impurities or %Assay = (ri / rt) � (FC /FR) � 100%

ri = Individual peak response (area, height, etc.) obtained from the test solution
rt = Sum of relevant peak responses (area, height, etc.) obtained from the test solution
FC = Correction factor for the detector response
FR = Response factor for the detector response

G. Calculation of total impurities
%Impurities = (�ri / rt) � 100%

�ri= Sum of individual impurity peak responses (area, height, etc.) obtained from the test solution
[NOTE: Individual peak responses (ri) may require adjustment for correction/response factors prior to summation:
ri � (FC /FR)].
rt= Sum of relevant peak responses (area, height, etc.) obtained from the test solution

3. Dissolution h711i
A. Calculation at a single time point

%Label Claim = (Au /As) � Cs � (D / L) � a � FM � (MW1 /MW2) � 100% %
Label Claim = (rU / rS) � Cs � (D / L) � (FC /FR) � FM� (MW1 /MW2) � 100%

Au = Absorbance of the test solution (AU)
As = Absorbance of the standard solution (AU)
rU = Peak response(s) (area, height, etc.) obtained from the test solution
rS = Peak response(s) (area, height, etc.) obtained from the standard solution
Cs = Concentration of standard solution (mg/mL) [corrected for purity]
D = Dilution for the test solution (mL)
L = Label claim (mg/unit)
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a (or 1/a) = Absorptivity correction factor
FC = Correction factor for the detector response
FR = Response factor for the detector response
FM = Any other monograph factors (e.g., unit conversion)
MW1 /MW2 = Molecular weight ratio

B. Calculation with a two-stage medium
Stage 1 Use the calculation at a single time point

Stage 2 %Label Claim =
Stage 1 %Label Claim + (Au /As) � Cs � (D / L) � a � FM � (MW1 /MW2) � 100%

Stage 2 %Label Claim =
Stage 1 %Label Claim + (rU / rS) � Cs � (D / L) � (FC /FR) � FM � (MW1 /MW2) � 100%

Au = Absorbance of the test solution (AU)
As = Absorbance of the standard solution (AU)
rU = Peak response(s) (area, height, etc) obtained from the test solution
rS = Peak response(s) (area, height, etc) obtained from the standard solution
Cs = Concentration of standard solution (mg/mL) [corrected for purity]
D = Dilution for the test solution (mL)
L = Label claim (mg/unit)
a (or 1/a) = Absorptivity correction factor
FC = Correction factor for the detector response
FR = Response factor for the detector response
FM = Any other monograph factors (e.g., unit conversion)
MW1 /MW2 = Molecular weight ratio

C. Calculation at multiple time points
[NOTE: It may be necessary to combine dissolution calculations in sections 3.B and 3.C where there are multiple
time points in different stages.]

Time point 1: Use the calculation at a single time point

Time point 2:
Amount removed, W1 (mg) = Vu1 � (Au1 /As1) � Cs � a � FM � (MW1 /MW2)

Amount recovered, W2 (mg) = (Au2 /As2) � Cs � D � a � FM � (MW1 /MW2)

Time 2 %Label Claim = (W1 + W2) � 100%/L

Time point (n): Amount removed, �W(1, 2,. . ., n–1) (mg) = sum of individual amounts removed at previous time
points

Amount recovered, Wn (mg) = use the calculation for time point 2 substituting variables determined at time n

Time n %Label Claim = (�W(1, 2,. . ., n–1) + Wn) � 100%/L

[NOTE: Au1,As1,Au2,As2, and a can be replaced by ru1,rs1,ru2,rs2, and FC or FR where peak response(s) (area, height,
etc.) and detection response factors are obtained by chromatography.]

W1 = Sample amount removed for testing at time point 1 (mg).
W2 = Sample amount recovered during testing at time point 2 (mg).
Vu1 = Aliquot sampled at time point 1
Au1 = Absorbance of the test solution at time point 1 (AU)
As1 = Absorbance of the standard solution at time point 1 (AU)
Au2 = Absorbance of the test solution at time point 2 (AU)
As2 = Absorbance of the standard solution at time point 2 (AU)
Cs = Concentration of standard solution (mg/mL) [corrected for purity]
a (or 1/a) = Absorptivity correction factor
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FM = Any other monograph factors (e.g., unit conversion)
MW1 /MW2 = Molecular weight ratio
L = Label claim (mg/unit)

4. Spectrophotometry and Light-Scattering h851i
A. Calculation of absorptivity (a)

Absorptivity Value (a) = A/(b � c)

% of Reference Standard = (au / as) � 100%

% Difference = |1 – (au / as)| � 100%

A = Absorbance (AU)
b = Absorption path length (cm)
c = Concentration of the solution being measured (g/L) [corrected for purity, loss on drying, water, residual sol-
vents, etc. (as needed)]
au = Absorptivity of the test solution [AU/(cm � g/L)]
as = Absorptivity of the standard solution [AU/(cm � g/L)]

B. Calculation of assays and impurities
Weight Result (mg) = (Au /As) � Cs � D � a � FM � (MW1 /MW2)

%Result = (Au /As) � (Cs /Cu) � a � FM � (MW1 /MW2) � 100%

%Label Claim = (Au /As) � (Cs /Cu) � a � FM � (MW1 /MW2) � (100%/L)

Au = Absorbance of the test solution (AU)
As = Absorbance of the standard solution (AU)
Cs = Concentration of standard solution (mg/mL) [corrected for purity]
Cu = Concentration of test solution (mg/mL) [corrected for loss on drying, water, loss on ignition, residual sol-
vents, etc. (as needed)]
D = Dilution for the test solution (mL)
a (or 1/ a) = Absorptivity correction factor
FM = Any other monograph factors (e.g., unit conversion)
MW1 /MW2 = Molecular weight ratio
L = Label claim (mg/unit)

Attachment 2

Water Determination h921i: Proposed Revisions to Clarify
the General Chapter Calculations

Test Preparation—Unless otherwise specified in the indivi-
dual monograph, use an accurately weighed or measured
amount of the specimen under test estimated to contain 2
mg to 250 mg of water. The amount of water depends on
the water equivalency factor of the Reagent and on the method
of endpoint determination. In most cases, the minimum
amount of specimen, in mg, can be estimated using the for-
mula:

FCV / KF

in which F is the water equivalency factor of the Reagent, in
mg per mL; C is the used volume, in percent, of the capacity of
the buret; V is the buret volume, in mL; and KF is the limit or
reasonable expected water content in the sample, in percent. C

is between 30% and 100% for manual titration, and between
10% and 100% for the instrumental method endpoint determi-
nation.

Unless otherwise specified, the amount of specimen, in mg,
can be estimated using the formula:

WH � 100 /KF

in which WH is the target water weight, in mg, to be titrated (2
mg is the minimum and 250 mg is the maximum water
weight); 100 is a conversion factor from percent to decimal;
and KF is the limit of water content for the sample, in percent.

The percent of the buret capacity used in the titration should
be estimated to be between 30% and 100% for manual titration
and not less than 10% for the instrumental method endpoint
determination. [NOTE—This is an estimation and not a re-
quirement. Articles with low water content may generate re-
sults below 30% for manual titrations and below 10% for
instrumental methods.]

Control of the percent buret volume can be adjusted by
varying the sample weight (WS), the titrant equivalency factor
(F), or buret volume (VB) by using the formula:

(WS � KF)/(VB � F)
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in which WS is the amount of specimen, in mg, to be tested KF

is the limit of water content for the sample, in percent VB is
total volume of the buret, in mL and F is the water equivalency
factor of the titrant, in mg/mL.

[NOTE—Unless justified, the amount of specimen should not
go below the minimum target water weight (2 mg water) to
meet the buret capacity.]
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General Chapter Containers—Packaging Auxiliary Components h670i
Michael N. Eakins, Vice-Chair, Packaging and Storage Expert Committeea

ABSTRACT The Packaging and Storage Expert Committee proposes a new General Chapter, Containers—Packaging Auxiliary
Components h670i, to support or enhance container–closure systems. The initial content will consist of cotton, rayon, and
polyester pharmaceutical coil used to prevent breakage of tablets or capsules during shipment. Further additions to the chapter
are envisaged (e.g., desiccants) at a future date. This Stimuli article reviews the historical development of h670i and reviews some
of the General Chapter’s content.

HISTORYAND OVERVIEW OF GENERAL CHAPTER
h670i

Although cotton is a natural fiber, both rayon and polyester
are synthetic fibers manufactured from cellulose and petro-
leum, respectively. The products display different moisture-
absorptive properties. Cotton and rayon are moisture absorp-
tive and are most commonly used in bottles of tablets and cap-
sules, but polyester is nonabsorbent and is most commonly
used with soft-gel capsules.

The addition of pharmaceutical coil toUSPwas proposed in
Pharmacopeial Forum in 1997 (1), but the monographs titled
Purified Cotton Filler (2) and Purified Rayon Filler (3) did not
advance toUSP. Instead, industry has relied on theUSPmono-
graphs for Purified Cotton (4) and Purified Rayon (5) as the
basis for ad hoc standards for the use of these materials as
pharmaceutical coil by selecting those tests that are relevant
to the product. FDA has endorsed this general approach in
the guidance document on Container–Closure Systems for
Packaging Human Drugs and Biologics (6) with the caveats
that cotton coil need not meet the monograph requirements for
sterility, fiber length, or absorbency; rayon coil need not meet
the monograph requirements for fiber length or absorbance;
and appropriate tests and acceptance criteria for identification
and for moisture content should be established for both cotton
and rayon. Monographs for both cotton and rayon in other
pharmacopeias do contain tests for identification and moisture.
For example, the European Pharmacopoeia includes a test for
Absorbent Cotton (7), and the Indian Pharmacopeia includes
tests for both Absorbent Cotton and Purified Rayon (8, 9).

The sections on cotton and rayon pharmaceutical coil in-
clude chemical methods for identification and a color stain test
that can distinguish between cotton, rayon, and polyester fi-
bers. The section on cotton pharmaceutical coil has retained
the test methods and specifications for acidity or alkalinity,
residue on ignition, water-soluble substances, fatty matter,
dyes, and other foreign matter from the USP monograph on
Purified Cotton (4). Similarly, the section on rayon pharma-
ceutical coil has retained the test methods and specifications
for acidity or alkalinity, residue on ignition, acid-insoluble
ash, water-soluble substances, dyes, and other foreign matter
from the USP monograph on Purified Rayon (5). A test and
specification for volatile content also have been included for

both cotton and rayon pharmaceutical coil. The specification
for cotton pharmaceutical coil of not more than 8.0% is the
same as for the specification for Absorbent Cotton in the Eur-
opean Pharmacopoeia monograph (7), and the specification
for rayon pharmaceutical coil has been set at not more than
11.0% (1).

Cotton is bleached during the purification process, typically
with hydrogen peroxide that is subsequently removed by
washing. Accordingly, a limit test for residual hydrogen per-
oxide has been included in the chapter because excess residual
peroxide has been observed to produce stability problems in
tablets. Chemicals such as furfural and other aldehydes can
cause gelatin crosslinking, which produces a rubbery, water-
insoluble film or pellicle that acts as a barrier and delays drug
release (10, 11). Rayon pharmaceutical coil has been found to
be a potential source of such chemicals, and a warning has
been added to the chapter regarding its use with gelatin cap-
sules.

Polyester is a family of polymers that contains the ester
functional group in the main chain and is one of the most
widely used synthetic fibers in the world. It is produced by re-
acting terephthalic acid or dimethyl terephthalate with mono-
ethylene glycol in the presence of a catalyst, e.g., antimony
trioxide. One of the most common forms of polyester is poly-
ethylene terephthalate or PET, and a section of General Chap-
ter Containers—Plastics h661i (12) is devoted to PET. This
chapter includes infrared (IR) and differential scanning calori-
metry tests on PET containers for identity and on extracts of
the plastic obtained by various solvents. For polyester pharma-
ceutical coil, an IR method suitable for fibers has been in-
cluded as an identity test as well as a method and limit for
moisture content. Test methods and specifications for acidity
or alkalinity, residue on ignition, and other foreign matter have
been provided. To assist in handling, the polyester threads are
usually coated with a solution containing lubricants, emulsi-
fiers, and antistatic agents. Polyester should comply with ap-
plicable sections of 21 Code of Federal Regulations (CFR)
Part 177 for Indirect Food Additives, Sections 1630 and
2800 (13, 14).

CONCLUSION

A draft of General Chapter Containers—Packaging Auxili-
ary Components h670i is published in this number of Pharma-
copeial Forum, and USP invites comments. Please contact
Desmond Hunt, PhD, Scientist, US Pharmacopeia, 12601

a Correspondence should be addressed to: Desmond Hunt, PhD, Scientist, US
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel.
301.816.8341; fax 301.816.8373; e-mail: dgh@usp.org.
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Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301-
816-8341; fax 301-816-8373; e-mail: dgh@usp.org no later
than February 15, 2009.
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Description of the Upcoming Change in Data Analysis for USP Dissolution
Performance Verification Tests

Walter W. Hauck,a Anthony J. DeStefano, William E. Brown, Erika S. Stippler, Darrell R. Abernethy, Roger L. Williams, USP, and the
Biopharmaceutics Expert Committeeb

ABSTRACT As part of its evaluation of the performance verification tests used periodically to affirm the integrity of the USP
Performance test when General Chapter Dissolution h711i is relied upon, the Biopharmaceutics Expert Committee of the Council
of Experts, working with staff, decided to change the form of the accept/reject decision from one based on the result for each tablet
to one based on the mean and coefficient of variation of results from a set of tablets. This paper describes the new approach. The
paper also describes an implementation period for the approach, coupled with a period during which USP will discontinue use of
the Salicylic Acid tablet in a performance verification test.

INTRODUCTION

USP has embarked on a vigorous program to evaluate its
performance verification tests (PVTs) in order to maximize
their value in ensuring the integrity of the dissolution and other
procedures (e.g., 1, 2). For the dissolution procedure described
in General Chapter Dissolution h711i and applied to nonsolu-
tion orally administered dosage forms, this has led to two ma-
jor changes.

First, Salicylic Acid tablets will be discontinued as an avail-
able official USP Reference Standard (RS) for use in a PVT.
The transition is expected at the end of CY 2009. Adequate
information will be made available to users to allow a smooth
transition, and USP’s remaining PVT tablets (Prednisone and
Clorpheniramine Maleate Extended-Release RS tablets) will
continue to be supplied as before.

Second, the form of the accept/reject decision for the PVT
will change. A 2007 Stimuli article proposed the change from
one based on per-tablet results—which correspond to indivi-
dual positions in an assembly—to one based on the mean and
coefficient of variation (CV) of a set of RS tablet results (3).
Note that an assembly is the complete dissolution test equip-
ment including 6 to 12 apparatus positions, depending on the
manufacturer. Responses to the authors of the five comments
received regarding the Stimuli article were published in a sub-
sequent Stimuli article (4). One comment suggested that the
test be done in a two-stage fashion. This is similar to the cur-
rent procedure for General Chapter Dissolution h711i (5) and
for General Chapter Uniformity of Dosage Units h905i (6). A
two-stage test is an optional part of the proposal described
here.

USP’s Biopharmaceutics Expert Committee (BPC) re-
viewed the current proposal and concluded that USP should
proceed with implementation of the revised form of the PVT
acceptance criteria, as described in the 2007 Stimuli article (3),
and include the option of a two-stage test. The purpose of this
Stimuli article is to describe the revised approach that will ap-
ply to PVTs used to assess the integrity of the dissolution

procedure as described in General Chapter h711i. The back-
ground information provided to the BPC, including operating
characteristic curves, will be submitted for publication else-
where (article in preparation).

Single-Stage Test

The current acceptance criteria for the dissolution PVT are
per RS tablet. That is, the result for each tablet/position must
fall within the acceptance range, which arises from collabora-
tive studies of RS tablets and is based on both inter- and intra-
laboratory variability. The proposal is to replace the current
approach with one based on the mean and CVof results from
a set of tablets judged relative to acceptance ranges obtained
from the collaborative study. The new approach will follow
ISO International Standard 5725-6 (7). In Technical Specifica-
tion 21748 ISO recommended a minimum of 15 degrees of
freedom for the variability (8). USP elected to increase the
number of tablets in the PVT from that currently required
but to a lesser extent than that called for by the 15-degree-
of-freedom recommendation.

The following are step-by-step instructions for the single-
stage test. Sufficient detail is provided so readers can both un-
derstand the procedure and, if desired, perform the calcula-
tions. USP will make available on its Web site a spreadsheet
that will accept data from the 12 to 16 individual results from
steps 1 and 2 and perform all the calculations.

1. For each position in the assembly, test one USP PVT RS
(Prednisone RS tablets for Apparatus 1 and 2, and Chlor-
pheniramine Maleate Extended-Release RS tablets for
Apparatus 3 at each dip rate), and record the percent dis-
solved at each sampling time point(s) specified for that
apparatus (i.e., 30 min for Apparatus 1 and 2 and each
of the times specified for Apparatus 3). After transforming
the percent dissolved results to the log scale, determine
the mean and variance. For assemblies with 12 positions
(12 dissolution vessels), no further testing is required.

2. For assemblies with fewer than 12 positions, repeat Step 1
with an additional set of tablets. Again after transforming
the percent dissolved results to the log scale, determine
the mean and variance.

a Correspondence should be addressed to: Walter W. Hauck, PhD, Senior
Scientific Fellow, US Pharmacopeia, 12601 Twinbrook Parkway, Rockville,
MD 20852-1790; tel. 301.816.8390; e-mail wh@usp.org.
b For a list of the members of the Biopharmaceutics Expert Committee, please
see Appendix A.
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3. Calculate the average of the two means and of the two
variances obtained in Steps 1 and 2. (Use the results from
Step 1 alone for assemblies that have 12 positions.)

4. Convert the results of Step 3 to a geometric mean (GM)
and percent coefficient of variation (%CV), and round
both to one decimal place following USP rounding rules
(9).

5. Compare the results of Step 4 to the acceptance ranges on
the data sheet that is shipped with the product. The GM
must not fall outside the limits, and the %CV must not be
greater than the limit. If both meet the criteria, the assem-
bly has passed the PVT.

Table 1 shows what the acceptance ranges would be for the
current lots of Prednisone and Chlorpheniramine Maleate Ref-
erence Standard tablets.

NOTE: The criteria for Prednisone Lot P RS tablets reflect
changed ranges as of 16 July 2007. The decision approach
for Apparatus 3 uses 97.5% limits rather than the 95% limits
used for the other apparatus in order to adjust for the two in-
dependent tests at the two dip rates.

NOTE: These acceptance ranges are not official and are
provided for information only.

Table 1. Acceptance Ranges for Basic Test (Single Stage)
Not Official—For Informational Purposes Only
1A. Acceptance Ranges for Apparatus 1 and 2

Apparatus 1 Apparatus 2

Number of
Positions

GM on
or within %CV nmta

GM on
or within %CV nmt

6 53.9–71.8 11.0% 34.5–49.7 11.5%
7 54.0–71.7 10.8% 34.5–49.7 11.2%
8 54.0–71.6 10.6% 34.6–49.6 11.0%
12 53.9–71.8 10.9% 34.5–49.7 11.3%

a nmt = not more than

1B. Acceptance Ranges for Apparatus 3

Number
of

Positions

5 Dips/Min 30 Dips/Min

1 Hour 4 Hours 2 Hours 6 Hours

GM on
or within

%CV
nm

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

GM
nltb

%CV
nmt

6 27.0–31.9 6.3% 59.5–65.1 4.7% 47.6–64.0 10.8% 88.7 4.4%
7 27.0–31.9 6.2% 59.6–65.1 4.6% 47.7–63.9 10.5% 88.8 4.3%

b nlt = not less than

Figure 1 shows a spreadsheet demonstrating the steps out-
lined above. The data are from an experiment using Apparatus
1. These data fail the proposed approach because the geo-
metric mean is too low. Note that each result for the first run

meets the current per-tablet criteria, but one result of the sec-
ond run does not (the value of 41.1 is below the lower limit of
the current range).

Figure 1. Spreadsheet showing implementation of the steps of the basic (single-stage) test.
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For laboratories the new approach will mean less work for
Apparatus 1 and 2. Because Salicylic Acid tablets are being
discontinued, even if the total number of tablets remains un-
changed less work remains because the assay for only one
compound is required. For Apparatus 3 an increase in work
is required because of the doubling in the number of tablets
tested. Laboratories can reduce their work for all apparatus
by choosing the optional two-stage test (see next section)
and controlling their dissolution results so that the data are suf-
ficiently tight to meet the accept/reject decision after testing
only the first set of tablets.

Optional Two-Stage Test

A laboratory may choose to implement the PVT as a two-
stage test. In the clinical trials literature the underlying idea
that supports the two-stage test is termed a group sequential
design. That is, the two-stage test is a statistically valid means
of allowing the possibility of stopping the test at the first stage.
A group sequential design allows for early stopping of the full
12–16 tablet test with a penalty, but the test is still considered a
12–16 tablet test. As will be seen below, the accept/reject de-
cision rules are more stringent at the first stage (the penalty)
than at the second and, at the second, slightly different from
the single-stage criteria shown in Table 1. Assemblies with
12 positions are not included in the two-stage option because
two stages would require users to test 24 tablets, although an
assembly with 6 positions would never be required to test
more than 12 tablets.

Following are step-by-step instructions for the two-stage
procedure. As was the case with the single-stage test, USP will
make available on its Web site a spreadsheet that practitioners
can use to perform the calculations.

1. For each position in the assembly, test one USP PVT RS
(Prednisone RS tablets for Apparatus 1 and 2, and Chlor-
pheniramine Maleate Extended-Release tablets for Appa-
ratus 3 at each dip rate), and record the percent dissolved
at each sampling time point(s) specified for that apparatus
(30 min for Apparatus 1 and 2 and each of the times spe-
cified for Apparatus 3). After transforming the percent
dissolved results to the log scale, determine the mean
and variance.

2. Convert the results of Step 1 to a GM and %CV, round
both to one decimal place following USP rounding rules
(9), and compare to the Stage One acceptance ranges on
the data sheet that is shipped with the product. The GM
must not fall outside the limits, and the %CV must not be
greater than the limit.

3. If results of Step 2 satisfy both acceptance criteria, stop; the as-

sembly has passed the PVT. Otherwise continue to Step 4.

4. Repeat Step 1 with an additional set of tablets and after trans-

forming the percent dissolved results to the log scale determine

the mean and variance for the data obtained at this step.

5. Average the two means and two variances obtained in
Steps 1 and 4.

6. Convert the results of Step 5 to a GM and %CV, and
round both to one decimal place following USP rounding
rules (9).

7. Compare the results of Step 6 to the Stage 2 acceptance
ranges on the data sheet that is shipped with the product.
The GM must not fall outside the limits, and the %CV
must not be greater than the limit. If both meet the accep-
tance criteria, the assembly has passed the PVT.

Table 2 shows what the acceptance ranges would be for the
two-stage test for the current lots of Prednisone and Chlorphe-
niramine Maleate Reference Standard tablets. [NOTE: These
acceptance ranges are not official and are provided for infor-
mation only].
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Table 2. Acceptance Ranges for Optional Two-Stage Test
Not Official—For Informational Purposes Only
2A. Acceptance Ranges for Apparatus 1 and 2

Number
of

Positions

Apparatus 1 Apparatus 2

After 1st Stage After 2nd Stage After 1st Stage After 2nd Stage

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

6 58.4–66.3 8.2% 53.9–71.8 9.6% 38.2–44.9 8.6% 34.5–49.7 11.2%
7 58.4–66.2 8.2% 54.0–71.7 9.5% 38.3–44.8 8.6% 34.5–49.7 11.0%
8 58.5–66.2 8.3% 54.0–71.6 9.4% 38.3–44.8 8.6% 34.6–49.6 10.9%

2B. Acceptance Ranges for Apparatus 3, 5 Dips/Min

Number
of

Positions

1 Hour 4 Hours

After 1st Stage After 2nd Stage After 1st Stage After 2nd Stage

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

6 28.2–30.2 4.5% 27.0–31.9 6.2% 60.9–63.3 3.3% 59.5–65.1 4.6%
7 28.2–30.2 4.5% 27.0–31.9 6.1% 60.9–63.3 3.3% 59.6–65.1 4.5%

2C. Acceptance Ranges for Apparatus 3, 30 Dips/Min

Number
of

Positions

2 Hours 4 Hours

After 1st Stage After 2nd Stage After 1st Stage After 2nd Stage

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

GM on
or within

%CV
nmt

GM
nlt

%CV
nmt

6 51.5–58.2 7.6% 47.6–64.0 10.6% 92.4–98.3 3.1% 88.7 4.3%
7 51.5–58.2 7.7% 47.7–63.9 10.3% 92.4–98.2 3.1% 88.8 4.2%

Figure 2 shows a spreadsheet implementing the procedure
outlined above. The data are from Apparatus 1 and are the
same as in Figure 1. These data do not meet the acceptance
criteria after the first stage because of a geometric mean that
falls below the Stage 1 lower limit in the new acceptance

range, which requires the second stage of testing. They then
fail the new acceptance criteria after the second stage because
the geometric mean is below the stage 2 lower limit in the new
acceptance range.

Figure 2. Spreadsheet showing implementation of the steps of the optional two-stage test.
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Laboratory personnel should be aware of some special con-
siderations when they choose the two-stage test:
1. First, if a second stage is required, the assembly has not

failed the test after the first stage. It is still a test of 12 to 16
tablets, depending on the number of positions in the as-
sembly. The assembly can be considered to have failed
only after the second stage, i.e., only after the full comple-
ment of 12 to 16 tablets is tested.

2. The laboratory has the option of stopping the test after the
first stage if it sees a problem in the assembly’s operation.
It is not a requirement of the PVT to complete the second
stage in such a circumstance. However, after taking ac-
tion(s) to fix the problem, the laboratory must start the
PVT again at Step 1.

3. The choice of using the basic single-stage test or the two-
stage test must be made as a matter of company policy
and documented in standard procedures for the PVT.
The choice of single- or two-stage test can differ with re-
spect to different apparatus.

Implementation

USP is implementing two changes in its dissolution PVT.
First, Salicylic Acid tablets will be discontinued as an official
USP RS for use in a PVT. The discontinuation is proposed as a
revision to h711i in PF 34(5) with a targeted official date at the
end of 2009. USP has sufficient inventory of the Salicylic Acid
tablets to meet industry needs during this period. Adequate in-
formation will be made available to users to allow a smooth
transition, and USP’s remaining PVT tablets (Predisone and
Clorpheniramine Maleate Extended-Release RS tablets) will
continue to be supplied as before. The second is the change
in the design of the PVT study, increasing from 6–12 tablets
to 12–16, and the form of the accept/reject decision rule de-
scribed herein. Although these are two separate decisions,
USP has chosen to link their implementation in order to sim-
plify the process of changing USP documents and laboratory
SOPs. To implement both changes, USP will be publishing
changes to General Chapter h711i to remove the test using
Salicylic Acid and to remove the per-tablet approach. These
changes are to USP text only and do not influence the harmo-
nized portions of this chapter.

A new lot, Q, of the Prednisone RS tablets is in production.
As was the case for prior lots, a collaborative study will be
conducted to determine the PVT acceptance ranges. Both the
new and current (per-tablet) acceptance ranges will be deter-
mined for Lot Q and will be proposed to USP’s Biopharma-
ceutics and Reference Standards Expert Committees for
endorsement and approval. The current plan is that the per-tab-
let accept/reject approach will continue as official at the time
of release of the Lot Q series of Prednisone RS tablets in early
2009. The new accept/reject approach, as described here, will
then become official for Apparatus 1 and 2 in late 2009 after a
period of time during which users will have an opportunity to
become more familiar with the changes. The official date for
the change for Apparatus 3 has not been decided. Once the
new approach becomes official for an apparatus, the per-tablet
approach will no longer be valid for that apparatus. Actual im-
plementation will be executed when USP states the new ap-
proach and acceptance ranges on the data sheets shipped
with the reference standards. Removal of Salicylic Acid as a
PVT test for Apparatus 1 and 2 will occur on 1 December
2009, the date when changes published in USP 32, Supple-

ment 2, become official. USP will make available spreadsheets
(compendial tools) similar to those illustrated by Figures 1 and
2. Laboratory staff will be able to enter their data in the spread-
sheet, which will automatically display whether the data
‘‘meet the criteria’’ or ‘‘do not meet the criteria.’’ The available
USP toolkit (10) also will be modified accordingly. USP may
prepare additional training materials to assist users in the tran-
sition.

SUMMARY

In 2009 the accept/reject approach for the dissolution PVT
will change from the basis of per-tablet results to the basis of
the mean and variability of results from a set of RS tablets. The
change brings the USP standard into alignment with ISO Inter-
national Standard 5725 (7) and advances improvement in mea-
surement science. With the current criteria it is possible for
some of the tablets to just pass at the low end of the criteria
and the remainder to just pass at the high end (e.g., for Appa-
ratus 2, three results at 30% and three at 57%). Although they
technically meet the current PVT acceptance criteria, such re-
sults clearly indicate a problem with the assembly’s operation/
performance. With the new approach, the requirement regard-
ing the %CV ensures sufficient consistency of results across
positions in the assembly. Reliance on the mean ensures that
those consistent results are within an acceptable interval of
percent dissolved as determined from the RS collaborative
study. The new approach will replace the current one, so indi-
vidual tablet results no longer will be considered in evaluation
of whether an assembly satisfies stipulations of a PVT.
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Leon Shargel, PhD
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USP Responses to Comments on Stimuli Article, ‘‘Uncertainty Statements
Regarding USP Reference Standards’’

William F. Koch, PhD,a Walter W. Hauck, PhD, Shawn F. Dressman, PhD, Darrell R. Abernethy, MD, PhD,
Roger L. Williams, MD, USP

ABSTRACT Pharmacopeial Forum 34(2) [March–April 2008] included a Stimuli article titled ‘‘Uncertainty Statements Regard-
ing USP Reference Standards.’’ This Stimuli article commented favorably on USP’s pilot project for the production of Certified
Reference Materials. The article elicited a response that posed four questions, which are abstracted here with USP responses.

INTRODUCTION

Pharmacopeial Forum 34(2) included a Stimuli article titled
‘‘Uncertainty Statements Regarding USP Reference Stan-
dards’’ (1). The article suggested that ‘‘this development will
increase the transparency and quality of USP Reference Stan-
dards.’’ The Stimuli article elicited four questions from FDA
(letter dated 5 June 2008) that are abstracted here with USP
responses.

Question 1

In the section titled ‘‘Measurement Results Obtained over
Time’’ on page 479 of the Stimuli article, the basis of the com-
parison of three different reference standards (RS) is not quite
clear to the reader. If the in-house primary RS is a solution that
has been stored for the entire six-year period, the storage con-
ditions to maintain stability is not described in this section. If
the in-house secondary RS is a solution, it is not explained
either if this is stored in the same manner as the in-house pri-
mary RS. This section does not describe whether a fresh solu-
tion of the USP Human Insulin RS was prepared from powder
when comparison studies were made. If these assumptions are
true, the in-house secondary RS may give good results com-
pared to the in-house primary RS because the samples were
treated identically between measurements. Furthermore, if
the USP Human Insulin RS was made fresh for each analysis,
variations in preparations likely could cause the observed fluc-
tuations in the data.

USP Response

FDA raises excellent points for which the answers involve
details not available to USP. The important message to be de-
rived from this line of inquiry is that there are several sources
of uncertainty and variability that enter into stability studies
and reference material comparisons. All sources of these vari-
abilities must be understood and controlled to draw definite
conclusions. USP emphasizes that most measurements are in
fact comparisons or ratios involving at least two materials: the
‘‘known’’ (also known as the standard or calibrant) and the
‘‘unknown’’ (also known as the sample of interest or measur-

and). Hence, the importance of enhanced knowledge of the
property value of the standard, including its expanded uncer-
tainty, is undeniable. Without this information, the analyst
cannot determine whether the primary or secondary standard
is shifting—or both—and this lack of information in conse-
quence breaks the traceability chain, as described in a previous
Stimuli article response (2).

Question 2

The sentence ‘‘Consequently, the estimate of uncertainty is
not related to the individual measurement result’’ under ‘‘Es-
timation of Content’’ on page 479, is not very informative. If
the authors describe factors to which the estimate of uncer-
tainty is related, the point will be clearer. The sentence could
be revised to: ‘‘Consequently the estimate of uncertainty in-
cludes measurement repeatability determined from replicate
measurements on single samples, measurement reproducibil-
ity between labs and operators, and vial-to-vial heterogeneity
of the RS.’’

USP Response

The treatment of data and associated uncertainties required
to draw conclusions about comparisons of materials is well
documented in a variety of scholarly texts and internationally
recognized standards including ISO 5725 (3), which USP re-
lies on as guidance for our statistical analyses. The assessment
of both Type A and Type B sources of variability, is an essen-
tial requirement of Certified Reference Materials.

Question 3

Vial-to-vial homogeneity is a critical quality attribute of any
RS, and it is appropriate to provide such information to the end
user. If the collaborative study is properly designed, then an
uncertainty due to heterogeneity can be provided to the user
in the form of a relative standard deviation associated with het-
erogeneity. However, if the specified RS uncertainty is com-
puted from data that include multiple vials, then the grand
means and standard deviations already include this informa-
tion in the estimate of uncertainty. Thus, if the end user per-
forms a proper error analysis, the influence of heterogeneity
should be included. On the other hand, if the end user uses

a Correspondence should be addressed to: William F. Koch, PhD, Chief Me-
trology Officer, US Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD
20852-1790; tel. 301.816.8562; e-mail wfk@usp.org
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only his/her measured estimates of precision, then the effect of
heterogeneity is lost, and the assay and its uncertainty may be
biased.

USP Response

As derived from the International Vocabulary of Metrology,
a Certified Reference Material is a material sufficiently homo-
geneous and stable with reference to specified properties, es-
tablished to be fit for its intended use in measurement,
accompanied by documentation, issued by an authoritative
body, and providing one or more specified property values
with associated uncertainties and traceabilities, using valid
procedures (4). As correctly stated in the question, homogene-
ity must be included as a component of the expanded uncer-
tainty as stated in the certificate of analysis of the CRM. This
further emphasizes the added value of a CRM in the measure-
ment chain.

Question 4

We agree that the RS certificate of analysis should include
measures of uncertainty due to assay, vial-to-vial heterogene-
ity, and stability. Without uncertainty values, the mean value is
not very useful. We do not agree with the use of a confidence
interval alone as the sole indicator of RS sample uncertainty
because it prevents the user from applying other statistical
tests or criteria. The best way to present uncertainty in results
from a collaborative study is to specify the mean, the standard
deviation, and N, the total number of measurements made.
From these, a confidence interval can be computed and stated
on the RS certificate of analysis, and it gives the user enough
information to apply other tests and criteria. If more detailed
information is provided, then the end user also can determine
repeatability, reproducibility, and vial-to-vial heterogeneity.

USP Response

There are many ways to present uncertainties. USP gener-
ally agrees with the comment that solely presenting a confi-
dence interval is not sufficient. USP intends to follow ISO
guidelines and international standards, including 5725 and
the 30s series (5) in presenting these on the certificates of ana-
lysis of its Certified Reference Materials.

CONCLUSION

As the authors of the original Stimuli article observed, ‘‘The
primary benefit of stating the uncertainty associated with the
RS is to inform the RS user about how far from the assigned
value the actual value of content may be. Furthermore a state-
ment of the specific uncertainty contributions will allow the
RS user to make meaningful comparisons of measurement re-
sults obtained over long periods or between laboratories be-
cause the results will be traceable.’’ USP agrees with this
statement and adds that the uncertainty of the regulatory mea-
surement, e.g., the content of the active moiety in a drug sub-
stance or in a dosage form, includes the uncertainty in the USP
RS (primary). Use of secondary standards adds to this uncer-
tainty. For these and other reasons USP is collaborating with
stakeholders in the development of Certified Reference Mate-
rials. Metrologically sound reference materials will contribute
to the development of better and safer medicines in public
commerce.
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Redesign of the United States Pharmacopeia and National Formulary

Todd L. Cecil, PhD, USPa

ABSTRACT A revision of the style and format of USP–NF was proposed in 2006 to increase the readability and usability of the
compendia. This Stimuli article presents feedback received from reviewers and describes the final redesign. This article informs
users about forthcoming changes that will be incorporated in USP–NF and provides the rationale for these changes.

INTRODUCTION

In Pharmacopeial Forum (PF) 32(6) [Nov.–Dec. 2006] a
Stimuli article proposed a new style and format for USP and
NF monographs (1). The PF article proposed a new mono-
graph design for public review and comment. USP received
comments from 11 individuals, organizations, and agencies.
USP also charged 2 project teams of the Prescription/Nonpre-
scription Stakeholder Forum with the task of providing indus-
try commentary on the proposal. This Stimuli article
summarizes all of the comments received, and the recommen-
dations of the Compendial Calculations Project team are in-
cluded elsewhere in this issue of PF.

All comments can be distilled into 7 major topic areas.
These areas include: ICH terminology; Description section;
Assay section; Impurities section; Specific tests section; Gen-
eral Recommendations; and Consistency.

ICH Terminology

The redesign has attempted to incorporate terms defined by
the International Conference on Harmonization (ICH) in the
Q3 (2–4) and Q6 (5, 6) series of guidelines. ICH nomenclature
is incorporated into USP monographs by several design ele-
ments.

The Q6A guideline defines a Specification as containing
‘‘Universal Tests’’ (Description, Identification, Assay, and Im-
purities) and ‘‘Specific Tests.’’ Each test contains a ‘‘Proce-
dure’’ and ‘‘Acceptance Criteria.’’ The Universal Tests and
Specific Tests are included as the section headers in the newly
redesigned monographs. Within test sections the redesigned
monographs include Procedures and Acceptance Criteria.
Where there is more than one procedure in a ‘‘Test,’’ each
procedure is preceded by a bullet.

Within the Impurities Test, ICH Q3A(r) (2) and Q3B(r) (3)
define impurities as belonging to 1 of 3 types: Organic Impu-
rities, Inorganic Impurities, and Residual Solvents. The rede-
signed USP monographs reflect this by incorporating specific
subsections in the Impurities Test for Organic Impurities, In-
organic Impurities, and, in rare cases, Residual Solvents. In
addition to these sections, USP has specifically identified a
‘‘Performance Tests’’ section and an ‘‘Other Components’’
section. Neither of these sections is defined by ICH, but for
reasons explained below these sections were added to the
redesign.

Comments on ICH Terminology
The incorporation of the ICH nomenclature was generally

approved by the commenters, but 3 comments suggested min-
or changes for application in the Pharmacopeia. These com-
ments will be addressed later in the article.

Two commenters suggested that where multiple procedures
exist for a given test, they should be termed ‘‘Test 1, Test 2’’
instead of ‘‘Procedure 1, Procedure 2.’’ The commenters sug-
gested that this modification would minimize changes to fil-
ings with regulatory agencies and to internal SOPs. USP
chose not to incorporate this suggestion. The term Procedure
is preferred because it is consistent with ICH nomenclature. In
addition, the consistent careful application of the terms ‘‘Spe-
cification, Test, Procedure, and Acceptance Criteria’’ is a cor-
nerstone of the redesign effort and should lead to better
understanding of USP and NF monographs.

Three commenters requested the elimination of the ‘‘Perfor-
mance Tests’’ section and the incorporation of these tests in the
‘‘Specific Tests’’ section of a monograph. The requested
change reflects the ICH Q6A guideline. USP is retaining the
Performance Tests section as a separate section because the
procedures included in this section typically deviate from
the singlet testing paradigm that is the basis of most tests in
USP.

Description Section

The ‘‘Description’’ as defined by ICH Q6A (5) creates pro-
blems for compendial monographs. ICH Q6A defines ‘‘De-
scription’’ as ‘‘a qualitative statement about the state (e.g.,
solid, liquid) and color of the new drug substance . . .’’ How-
ever in USP and NF the Description and Solubility informa-
tion has been extracted from monographs and collated into a
separate section in the publication. This approach was insti-
tuted in 1980 and is considered the appropriate location for
this information. The redesign proposal included a section
called ‘‘Description’’ that reflected current USP–NF style,
which deviated from the ICH definition. Several commenters
requested changing the test section title from ‘‘Description’’ to
‘‘Definition.’’ This change represents a departure from strictly
constructed ICH terminology. The redesign will incorporate
the test section of ‘‘Definition’’ because it follows general
USP usage and intention and avoids confusion with the De-
scription and Solubility section. A single commenter sug-
gested that moving solubility into the monograph was
appropriate, but this proposal had little support from the ma-
jority of correspondents and will not be incorporated in the re-
design.

a Correspondence should be addressed to: Todd L. Cecil, PhD, Vice President,
Compendial Sciences, US Pharmacopeia, 12601 Twinbrook Parkway, Rock-
ville, MD 20852-1790; tel. 301.816.8234; e-mail tlc@usp.org.
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The current style includes a chevron (») to indicate the be-
ginning of the requirements in a monograph. This symbol was
introduced in 1975 (USP XIX) to separate the testing require-
ments from the Dosing and Strength sections that existed be-
fore 1980. After the elimination of the Dosage and Strength
sections, this symbol ceased to have meaning but was retained
as a design element. The redesign has eliminated this symbol.
Commenters requested the retention of the chevron to separate
official text from unofficial text (molecular weight, formula,
CAS number, etc.). The redesign will not incorporate these
suggestions. According to the description provided by the
commenter, the chevron would inaccurately describe the Title
as ‘‘information’’ because it is above the chevron. One of the
principal goals of the redesign is to simplify the standards by
el iminat ing barr iers l ike the chevron that impede
understanding.

Assay Section

The ‘‘Assay’’ section has undergone a significant transfor-
mation during the redesign. The Assay traditionally is the last
test in a monograph and typically does not include acceptance
criteria because the latter are included in the Definition. The
proposed redesign monograph moved the definition statement
to become the acceptance criteria of the Assay. A number of
commenters requested the retention of the current ‘‘Defini-
tion’’ format at the beginning of the monograph. In addition,
these commenters suggested that the Acceptance criteria be in-
cluded in the Assay section as well. The redesign will incor-
porate this suggestion. Inclusion of the same material in 2
sections of a monograph is redundant and may be the source
of revision errors, but the clarity provided to the end user out-
weighs potential risks.

The acceptance criteria in the Assay do not include all of the
information that is available in the Definition. Specifically, the
drying instructions (on the dried, anhydrous, solvent-free ba-
sis) do not appear in both places. The acceptance criteria in the
redesign will not include this redundant information.

Impurities Section

The Impurities Section consolidates into a single section the
impurity methods that previously were spread throughout the
monograph. USP has attempted to move as much of the impu-
rity information as possible into a table that includes retention
times and acceptance criteria. When they are available, impu-
rity structures also will be incorporated. Commenters sug-
gested that the Impurities section should include only
Organic Impurities and that all other types of impurities should
be moved to the Specific Tests section of the monograph.
Although some may consider inorganic impurities to be con-
taminants or process-specific impurities, their presence is a
quality concern. The Impurities section is intended to consoli-
date all possible impurities, contaminants, and other undesir-
able constituents into a single consistent section of a
monograph.

One commenter requested the elimination of the Impurities
section for excipient monographs. This request was made be-
cause not all minor components of an excipient are impurities
or undesirable elements. The Impurities section has not been
eliminated, but an additional section titled ‘‘Other Compo-

nents’’ will be added as needed. This section will include tests
for any components currently titled ‘‘Content of . . .’’ and will
follow immediately after the Assay section in a monograph.

Specific Tests Section and General Comments

This section typically contains all of the tests not previously
described. These are usually specific to the individual article
and often include physiochemical characterization tests. Infor-
mation related to the Specific Tests section and other general
information will be included in the following bulleted format:

Specific Tests

� Chiral Purity tests will be placed in the Specific Tests section.

General Comments

� For a description of a range of numbers, the term between will be

replaced with an en dash (–).
� All trace limits will be described as parts-per-million (ppm) in-

stead of %.
� The redesign will incorporate the current practice of capitalizing

all uses of the official name.
� The instruction to ‘‘Make adjustments as necessary’’ will be

eliminated from chromatographic procedures because General

Chapter Chromatography h621i already describes the need to

make adjustments.
� To facilitate compendial calculations the redesign will, wherever

possible, incorporate the recommendations of the Compendial

Calculations Project Team of the Prescription/Nonprescription

Stakeholder Forum (see the Stimuli article titled ‘‘Compendial

calculations: recommendations for improving USP–NF calcula-

tions’’ and references therein, elsewhere in this issue of PF).
� Mobile-phase gradients and temperature gradients will be pre-

sented in a different manner to eliminate some of the complexity

in production of USP and to reduce confusion when analysts ap-

ply the gradient to laboratory instruments.
� Sample preparation details will be as general as possible to allow

the greatest flexibility in the preparation of solutions for a USP

test.
� ‘‘Monograph Official since: Date and Last Revised’’: Official

and revision dates will be included in the final version of the

monograph when presented in USP 33 (2010) but will not be

included with monographs that were published in preceding vol-

umes.
� The redesign will use NMTand NLT instead of ‘‘not more than’’

and ‘‘not less than,’’ respectively.

Consistency

Commenters also focused on the need for care in conversion
to the new format because of potential errors that could be in-
troduced inadvertently during the redesign. This comment has
been addressed partially by the very thorough review process
that USP has used to ensure that most errors are eliminated.
However, to further decrease the number of errors the rede-
signed monographs will be made available for review by all
users of USP–NF. An electronic copy of all of the redesigned
content of USP 32–NF 27 currently is available on the USP
Web site (www.usp.org). USP encourages stakeholders to par-
ticipate in this opportunity to improve the compendia. Inter-
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ested persons can comment on-line, and each comment will be
thoroughly reviewed and, as appropriate, included in
USP 33–NF 28.

SUMMARY

The USP–NF redesign project required nearly 3 years to
reach completion. The process was begun by, guided by, and
finally reviewed by the users ofUSP–NF. The format and style
initially proposed in 2006 and the changes described in this
article were reviewed and endorsed by the USP Council of Ex-
perts Executive Committee at the Spring Governance Meeting
in February of 2007 in Scottsdale, Arizona. The new USP–NF
will look different but will provide enhanced usability and
readability while upholding the standard of excellence ex-
pected of this publication.
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Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how

nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomenclature issues that

also occasionally report on related matters pertaining to USAN and INN.
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USP Dictionary of USAN and International Drug Names
2008 USP DICTIONARY SUPPLEMENT 4

IMPORTANT—Save this Supplement. This and all supplements appearing in PF are needed to keep the 2008 edition of the USP Dictionary
(USPD) up-to-date. The cumulative contents of the supplements to the current (2008) edition will be included in the next complete edition of the
Dictionary.

Newly Approved United States Adopted Names (USAN), Released for Publication

The following are newly established United States Adopted Names (USAN). These names will not be listed cumulatively; see

preceding and succeeding numbers of PF for other new USAN to supplement the Dictionary main volume.

Aderbasib [2007] (a der’ ba sib). C21H28N4O5. 416.47. (1) 5-Azas-
piro[2.5]octane-5-carboxylic acid, 7-[(hydroxyamino)carbo-
nyl]-6-[(4-phenyl-1-piperazinyl)carbonyl]-, methyl ester,
(6S,7S)-; (2) Methyl (6S,7S)-7-[(hydroxyamino)carbonyl]-6-
[(4-phenylpiperazin-1-yl)carbonyl]-5-azaspiro[2.5]octane-5-
carboxylate.CAS-791828-58-5. INN. Antineoplastic; ErbB
Sheddase (ADAM) Inhibitor. INCB 007839

Albaconazole [2008] (al’’ ba kon’ a zole). C20H16ClF2N5O2. 431.82.
(1) 4(3H)-Quinazolinone, 7-chloro-3-[(1R,2R)-2-(2,4-difluoro-
phenyl)-2-hydroxy-1-methyl-3-(1H-1,2,4-triazol-1-yl)propyl]-;
(2) 7-Chloro-3-[(1R,2R)-2-(2,4-difluorophenyl)-2-hydroxy-1-
methyl-3-(1H-1,2,4-triazol-1-yl)propyl]quinazolin-4(3H)-one.
CAS-187949-02-6. INN. Treatment of fungal infections. UR-
9825

Aleplasinin [2007] (al’’ e plas’ in in). C28H27NO3. 425.50. (1) 1H-
Indol-3-acetic acid, 1-[[4-(1,1-dimethylethyl)phenyl]methyl]-5-
(3-methylphenyl)-a-oxo-; (2) [1-[4-(1,1-Dimethylethyl)benzyl]-
5-(3-methylphenyl)-1H-indol-3-yl]oxoacetic acid. CAS-
481629-87-2. INN. Treatment of Alzheimer’s disease PAZ-417

Apricoxib [2008] (a’’ pri kox’ ib). C19H20N2O3S. 356.40. (1) Ben-
zenesulfonamide, 4-[2-(4-ethoxyphenyl)-4-methyl-1H-pyrrol-1-
yl]-; (2) 4-[2-(4-Ethoxyphenyl)-4-methyl-1H-pyrrol-1-yl]benze-
nesulfonamide. CAS-197904-84-0. INN. Treatment of pain and
inflammation, oncology. TG01; R-109339; CS-706

Azilsartan Medoxomil [2007] (ay’’ zil sar’ tan me dox’ oh mil).
C30H24N4O8. 568.50. (1) 1H-Benzimidazole-7-carboxylic acid,
1-[[2’-(2,5-dihydro-5-oxo-1,2,4-oxadiazol-3-yl)[1,1’-biphenyl]-
4-yl]methyl]-2-ethoxy-, (5-methyl-2-oxo-1,3-dioxol-4-yl)-
methyl ester; (2) (5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 2-eth-
oxy-1-((2’-(5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl)biphenyl-4-
yl)methyl)-1H-benzo[d]imidazole-7-carboxylate. CAS-863031-
21-4. INN. Treatment of hypertension. TAK-491

Bederocin [2007] (be der’ oh sin). C20H21BrFN3OS. 450.40. (1)
4(1H)-Quinolinone, 2-[[3-[[[4-bromo-5-(1-fluoroethenyl)-3-
methyl-2-thienyl]methyl]amino]propyl]amino]-; (2) 2-[[3-[[[4-
Bromo-5-(1-fluoroethenyl)-3-methylthiophen-2-yl]methyl]ami-
no]propyl]amino]quinolin-4(1H)-one. CAS-757942-43-1. INN.
Antibacterial agent. REP 8839

Carlecortemcel-L [2007] (kar’’ le kor tem’ sel - el). StemEx1 is a
suspension of human umbilical cord blood-derived, ex vivo ex-
panded CD133þ cells in an infusion solution, composed of PBS
buffer containing 1 mM EDTA and 0.5% HSA, to a fixed con-
centration of 2.3-3.36 106 cells/ml and packed in a culture bag.
Treatment of high risk hematologic malignancies. StemEx (Ga-
mida Cell); StemEx (Teva, Israel)

# 2008 The United States Pharmacopeial Convention All Rights Reserved.
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Coleneuramide [2008] (kol’’ e nure’ a mide). C39H68N2O8. 692.97. (1)
a-Neuraminamide, N5-acetyl-N1-[(3a,5a)-cholestan-3-yl]-2-O-
methyl-; (2) 5-Acetamido-N-(5a-cholestan-3a-yl)-3,5-dideoxy-
2-O-methyl-D-glycero-a-D-galacto-non-2-ulopyranosonamide.
CAS-204200-47-5. Treatment of diabetic neuropathy. MCC-
257

Conatumumab [2007] (kon’’ a toom’ ue mab).
C6466H10006N1730O2024S40. (1) Immunoglobulin G1, anti-(human
cytokine receptor DR5 (death receptor 5)) (human monoclonal
XG1-048 v w heavy chain), disulfide with human monoclonal
XG1-048 v w light chain, dimer; (2) Immunoglobulin G1, anti-
(human tumor necrosis factor receptor superfamily member 10B
(death receptor 5, TRAIL-R2, CD262 antigen)); human monoclo-
nal XG1-048 [Arg219,Glu361,Met363]g1 heavy chain (225-215’)-di-
sulfide with � light chain (231-231’’:234-234’’)-bisdisulfide
dimer. Molecular weight is approximately 145,650 daltons.
CAS-896731-82-1. INN. Treatment of cancer. AMG 655;
TRAIL-R2 mAb

Custirsen Sodium [2007] (kus’ tir sen soe’ dee um).
C231H292N78Na20O119P20S20. 7786.00. [Custirsen is INN.] (1)
DNA, d(P-thio)([2’-O-(2-methoxyethyl)]m5rC-[2’-O-(2-methox-
yethyl)]rA-[2 ’-O-(2-methoxyethyl)]rG-[2’-O-(2-methox-
yethyl)]m5rC-A-G-C-A-G-A-G-T-C-T-T-C-A-[2’-O-(2-methox-
yethyl)]m5rU-[2’-O-(2-methoxyethyl)]m5rC-[2’-O-(2-methox-
yethyl)]rA-[2’-O-(2-methoxyethyl)]m5rU), eicosasodium salt; (2)
2’-O-(2-Methoxyethyl)-5-methyl-P-thiocytidylyl-(3’?5’)-2’-O-
(2-methoxyethyl)-P-thioadenylyl-(3’?5’)-2’-O-(2-methox-
yethyl)-P-thioguanylyl-(3’?5’)-2’-O-(2-methoxyethyl)-5-meth-
yl-P-thiocytidylyl-(3’?5’)-2’-deoxy-P-thioadenylyl-(3’?5’)-2’-
deoxy-P-thioguanylyl-(3’?5’)-2’-deoxy-P-thiocytidylyl-
(3’?5’)-2’-deoxy-P-thioadenylyl-(3’?5’)-2’-deoxy-P-thioguany-
lyl-(3’?5’)-2’-deoxy-P-thioadenylyl-(3’?5’)-2’-deoxy-P-thio-
guanylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-2’-deoxy-P-thiocyti-
dylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-P-thiothymidylyl-
(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-deoxy-P-thioade-
nylyl-(3’?5’)-2’-O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-
(3’?5’)-2’-O-(2-methoxyethyl)-5-methyl-P-thiocytidylyl-
(3’?5’)-2’-O-(2-methoxyethyl)-P-thioadenylyl-(3’?5’)-2’-O-(2-
methoxyethyl)-5-methyl-P-thiouridine eicosasodium salt. CAS-
685922-56-9; CAS-903916-27-8 [custirsen]. Treatment of cancer.
OGX-011; ISIS 112989

Derquantel [2007] (der kwon’ tel). C28H37N3O4. 479.61. (1) Spir-
o[4H,8H-[1,4]dioxepino[2,3-g]indole-8,7’(8’H)-[5H,6H-5a,9a](i-
m inome thano ) [ 1H ] cy c l open t [ f ] i ndo l i z i n ] - 10 ’ - one ,
2’,3’,8’a,9,9’,10-hexahydro-1’-hydroxy-1’,4,4,8’,8’,11’-hexam-
ethyl-, (1’R,5’aS,7’R,8’aS,9’aR)-; (2) (1’R,5’aS,7’R,8’aS,9’aR)-1’-
Hydroxy-1’,4,4,8’,8’,11’-hexamethyl-2’,3’,8’a,9,9’,10-hexahy-
drospiro[4H,8H-[1,4]dioxepino[2,3-g]indole-8,7’(8’H)-[5H,6H-
5a,9a](iminomethano)[1H]cyclopenta[f]indolizin]-10’-one; (3)
(1S,6R,7R,9S,11R)-6-Hydroxy-4’,4’,6,10,10,13-hexamethyl-
9’,10’-dihydro-4’H-spiro[3,13-diazatetracyclo[5.5.2.01,9.03,7]tetra-
decane-11,8’-[1,4]dioxepino[2,3-g]indol]-14-one. CAS-187865-
22-1. INN. Anthelmintic. PF-00520904

Dulanermin [2007] (doo’’ la ner’ min). C871H1329N243O260S4. (1) 114-
281-Protein TRAIL (tumor necrosis factor-related apoptosis-in-
ducing ligand) (synthetic human); (2) Human tumor necrosis fac-
tor ligand superfamily member 10 (TNF-related apoptosis-
inducing ligand or Apo-2 ligand or CD253 antigen)-(114-281)-
peptide (C-terminal part of the extracellular domain), noncovalent
homotrimer. Molecular weight is approximately 19,500 daltons.
CAS-867153-61-5. INN. Treatment of metastatic non-small cell
lung cancer. Apo2L/TRAIL

Entinostat [2008] (en tin’ oh stat). C21H20N4O3. 376.40. (1) Carbamic
acid, N-[[4-[[(2-aminophenyl)amino]carbonyl]phenyl]methyl]-,
3-pyridinylmethyl ester; (2) Pyridin-3-ylmethyl ({4-[(2-amino-
phenyl)carbamoyl]phenyl}methyl)carbamate. CAS-209783-80-
2. INN. Antineoplastic. SNDX-275

Esomeprazole Potassium [2007] (es’’ oh mep’ ra zole poe tas’ ee um).
C17H18KN3O3S. 383.50. (1) 1H-Benzimidazole, 6-methoxy-2-
[(S)-[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-, po-
tassium salt (1:1); (2) (–)-5-Methoxy-2-{(S)-[(4-methoxy-3,5-di-
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methylpyridin-2-yl)methyl]sulfinyl}-1H-benzimidazole potas-
sium salt. CAS-161796-84-5. Treatment of GERD patients with
a history of erosive esophagitis.

Esreboxetine Succinate [2007] (es’’ re box’ e tine sux’ i nate).
C19H23NO3.C4H6O4. 431.48. (1) Butanedioic acid, compd. with
(2S)-2-[(S)-(2-ethoxyphenoxy)phenylmethyl]morpholine (1:1);
(2) (þ)-(2S)-2-[(S)-(2-Ethoxyphenoxy)phenylmethyl]morpho-
line hydrogen butanedioate. CAS-635724-55-9. Treatment of
chronic neuropathic pain. PNU-165442G

Fostamatinib Disodium [2008] (fos’’ ta ma’ ti nib dye soe’ dee um).
C23H24FN6Na2O9P.6H2O. 732.50. (1) 2H-Pyrido[3,2-b]-1,4-ox-
azin-3(4H)-one, 6-[[5-fluoro-2-[(3,4,5-trimethoxyphenyl)ami-
no]-4-pyrimidinyl]amino]-2,2-dimethyl-4-[(phosphonooxy)-
methyl]-, disodium salt, hexahydrate; (2) [6-({5-Fluoro-2-
[(3,4,5-trimethoxyphenyl)amino]pyrimidin-4-yl}amino)-2,2-di-
methyl-3-oxo-2,3-dihydro-4H-pyrido[3,2-b]-1,4-oxazin-4-yl]-
methyl disodium phosphate hexahydrate. CAS-914295-16-2.
Treatment of rheumatoid arthritis, immune thrombocytopenic
purpura, and B-cell lymphoma. R935788 sodium; R788 so-
dium

Hydroxyethyl Starch 130/0.4 [2008] (hye drox’’ ee eth’ il starch). (1)
Starch 2-hydroxyethyl ether; (2) A starch composed of more
than 90% amylopectin that has been etherified to the extend that
an average of 3.8 to 4.5 of the OH groups present in every 10 D-
glucopyranose units of the starch polymer have been converted
into OCH2CH2OH groups. Molecular weight is approximately
130,000 daltons. CAS-9005-27-0. Prophylaxis of hypervolemia.
Voluven (Fresenius Kabi Deutschland GmbH) HES 130/0.4

Ibipinabant [2007] (eye’’ bi pin’ a bant). C23H20Cl2N4O2S. 487.40.
(1) 1H-Pyrazole-1-carboximidamide, 3-(4-chlorophenyl)-N-[(4-
chlorophenyl)sulfonyl]-4,5-dihydro-N’-methyl-4-phenyl-,
(4S,E)-; (2) (E)-(4S)-3-(4-Chlorophenyl)-N’-[(4-chlorophenyl)-

sulfonyl]-N-methyl-4-phenyl-4,5-dihydro-1H-pyrazole-1-car-
boximidamide. CAS-464213-10-3. INN. Treatment of obesity.
SLV-319; BMS-646256

Larazotide Acetate [2007] (la raz’ oh tide as’ e tate).
C32H55N9O10.C2H4O2. 785.89. [Larazotide is INN.] (1) Glycine,
glycylglycyl-L-valyl-L-leucyl-L-valyl-L-glutaminyl-L-prolyl-,
monoacetate; (2) Glycylglycyl-L-valyl-L-leucyl-L-valyl-L-gluta-
minyl-L-prolylglycine acetate. CAS-881851-50-9; CAS-258818-
34-7 [larazotide]. Treatment of Celiac disease and treatment of
Inflammatory Bowel Disease. AT-1001

Laromustine [2007] (lar’’ oh mus’ teen). C6H14ClN3O5S2. 307.80. (1)
Methanesulfonic acid, 1-(2-chloroethyl)-2-[(methylamino)car-
bonyl]-2-(methylsulfonyl)hydrazide; (2) 2’-(2-Chloroethyl)-N-
methyl-1’,2’-bis(methylsulfonyl)carbamohydrazide; (3) 1,2-
Bis(methylsulfonyl)-1-(2-chloroethyl)-2-[(methylamino)carbo-
nyl]hydrazine. CAS-173424-77-6. INN. Antineoplastic; treat-
ment of acute myeloid leukemia. Cloretazine (Vion)
VNP40101M; 101M

Linaclotide [2007] (lin ak’ loe tide). C59H79N15O21S6. 1526.80. (1) L-
Tyrosine, L-cysteinyl-L-cysteinyl-L-a-glutamyl-L-tyrosyl-L-cy-
steinyl-L-cysteinyl-L-asparaginyl-L-prolyl-L-alanyl-L-cysteinyl-
L-threonylglycyl-L-cysteinyl-, cyclic (1?6),(2?10),(5?13)-
tris(disulfide); (2) [9-L-Tyrosine]heat-stable enterotoxin (Es-
cherichia coli)-(6-19)-peptide. CAS-851199-59-2. Treatment of
irritable bowel syndrome with constipation (IBS-C), chronic
constipation and other gastrointestinal disorders.

Otenabant [2007] (oh ten’ a bant). C25H25Cl2N7O. 510.42. (1) 4-
Piperidinecarboxamide, 1-[8-(2-chlorophenyl)-9-(4-chlorophe-
nyl)-9H-purin-6-yl]-4-(ethylamino)-; (2) 1-[8-(2-Chlorophe-
nyl)-9-(4-chlorophenyl)-9H-purin-6-yl]-4-(ethylamino)piperi-
dine-4-carboxamide. CAS-686344-29-6. INN. Treatment of
obesity. CP-945,598
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Otenabant Hydrochloride [2007] (oh ten’ a bant hye’’ droe klor’ ide).
C25H25Cl2N7O.HCl. 546.88. (1) 4-Piperidinecarboxamide, 1-[8-
(2-chlorophenyl)-9-(4-chlorophenyl)-9H-purin-6-yl]-4-(ethyla-
mino)-, monohydrochloride; (2) 1-[8-(2-Chlorophenyl)-9-(4-
chlorophenyl)-9H-purin-6-yl]-4-(ethylamino)piperidine-4-car-
boxamide monohydrochloride. CAS-686347-12-6. Treatment of
obesity. CP-945,598

Palifosfamide [2008] (pal’’ i fos’ fa mide). C4H11Cl2N2O2P. 221.00. (1)
Phosphorodiamidic acid, N,N’-bis(2-chloroethyl)-; (2) N,N’-
Bis(2-chloroethyl)phosphorodiamidic acid. CAS-31645-39-3.
INN. Antineoplastic. IPM; ZIO-201

Ranagengliotucel-T [2007] (ran’’ a jen glye’’ oh too’ sel - el). Auto-
logous vaccine cocktail of TGF-b blocked, whole brain cancer
tumor cells. Cell therapy treatment for brain cancer. Glionix (No-
vaRx)

Retaspimycin [2008] (ret’’ asp i mye’ sin). C31H45N3O8. 587.70. (1)
Geldanamycin, 18,21-didehydro-17-demethoxy-18,21-dideoxo-
1 8 , 2 1 - d i h y d r o x y - 1 7 - ( 2 - p r o p e n y l a m i n o ) - ; ( 2 )
(4E,6Z,8S,9S,10E,12S,13R,14S,16R)-13,20,22-Trihydroxy-8,14-
dimethoxy-4,10,12,16-tetramethyl-3-oxo-19-(prop-2-enylami-
no)-2-azabicyclo[16.3.1]docosa-1(21),4,6,10,18(22),19-hexaen-
9-yl carbamate. CAS-857402-23-4. INN. Treatment of patients
with metastatic and/or unresectable gastrointestinal stromal tu-
mors (GIST); treatment of patients with relapsed and/or refrac-
tory stage IIIb (with pleural or pericardial effusions) or IV
NSCLC. IPI-504

Retaspimycin Hydrochloride [2008] (ret’’ asp i mye’ sin).
C31H45N3O8.HCl. 624.20. (1) Geldanamycin, 18,21-didehydro-
17-demethoxy-18,21-dideoxo-18,21-dihydroxy-17-(2-propeny-
l a m i n o ) - , m o n o h y d r o c h l o r i d e ; ( 2 )
(4E,6Z,8S,9S,10E,12S,13R,14S,16R)-13,20,22-Trihydroxy-8,14-
dimethoxy-4,10,12,16-tetramethyl-3-oxo-19-(prop-2-enylami-
no)-2-azabicyclo[16.3.1]docosa-1(21),4,6,10,18(22),19-hexaen-
9-yl carbamate hydrochloride. CAS-857402-63-2. Antineoplastic,
Hsp 90 inhibitor. IPI-504

Semagacestat [2007] (sem’’ a gas’ e stat). C19H27N3O4. 361.44. (1)
Butanamide, 2-hydroxy-3-methyl-N-[(1S)-1-methyl-2-oxo-2-
[[(1S)-2,3,4,5-tetrahydro-3-methyl-2-oxo-1H-3-benzazepin-1-
yl]amino]ethyl]-, (2S)-; (2) (2S)-2-Hydroxy-3-methyl-N-[(2S)-1-
{[(1S)-3-methyl-2-oxo-2,3,4,5-tetrahydro-1H-3-benzazepin-1-
yl]amino}-1-oxopropan-2-yl]butanamide; (3) N2-[(2S)-2-Hy-
droxy-3-methylbutanoyl]-N1-[(1S)-3-methyl-2-oxo-2,3,4,5-tetra-
hydro-1H-3-benzazepin-1-yl]-L-alaninamide; (4)A. CAS-
425386-60-3 . INN. Treatment of Alzheimer ’s disease.
LY450139

Sivifene [2007] (siv’ i feen). C19H14N4O6. 394.34. (1) Methanone,
bis(4-hydroxyphenyl)-, (2,4-dinitrophenyl)hydrazone; (2) 4,4’-
[[2-(2,4-Dinitrophenyl)hydrazinylidene]methylene]diphenol.
CAS-2675-35-6. INN. Treatment of high-grade squamous intrae-
pithelial lesions of the cervix and other neoplasms. A-007

Talarozole [2007] (ta lar’ oh zole). C21H23N5S. 377.51. (1) 2-Ben-
zothiazolamine, N-[4-[2-ethyl-1-(1H-1,2,4-triazol-1-yl)butyl]-
phenyl]-; (2) N-[4-[(1RS)-2-Ethyl-1-(1H-1,2,4-triazol-1-
yl)butyl]phenyl]benzothiazol-2-amine. CAS-201410-53-9. INN.
Treatment of keratinization disorders; acne and psoriasis. Ram-
bazole (Barrier) R115866
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Tasimelteon [2007] (tas’’ i mel’ tee on). C15H19NO2. 245.32. (1)
Propanamide, N-[[(1R,2R)-2-(2,3-dihydro-4-benzofuranyl)cy-
clopropyl]methyl]-; (2)N-[[(1R,2R)-2-(2,3-Dihydro-1-benzofur-
an-4-yl)cyclopropyl]methyl]propanamide.CAS-609799-22-6.
INN. Sleep disorders. VEC-162; BMS-214778

Tasisulam Sodium [2007] (tas’’ i soo’ lam). C11H5BrCl2NO3S2Na.
437.09. [Tasisulam is INN.] (1) Benzamide, N-[(5-bromo-2-
thienyl)sulfonyl]-2,4-dichloro-, sodium salt; (2) Sodium N-[(5-
bromothiophen-2-yl)sulfonyl]-2,4-dichlorobenzamide. CAS-
519055-63-1; CAS-519055-62-0 [tasisulam]. Antineoplastic.
LY-573636.Na

Tozasertib [2008] (toe’’ za ser’ tib). C23H28N8OS. 464.59. (1) Cy-
clopropanecarboxamide, N-[4-[[4-(4-methyl-1-piperazinyl)-6-
[(5-methyl-1H-pyrazol-3-yl)amino]-2-pyrimidinyl]thio]phe-
nyl]-; (2) N-[4-({4-(4-methylpiperazin-1-yl)-6-[(5-methyl-1H-
pyrazol-3-yl)amino]pyrimidin-2-yl}sulfanyl)phenyl]cyclopro-
panecarboxamide.CAS-639089-54-6. Antineoplastic.

Tozasertib Lactate [2008] (toe’’ za ser’ tib lak’ tate).
C23H28N8OS.xC3H6O3. 464.59 (base). (1) Propanoic acid, 2-hy-
droxy-, (2S)-, compd. with N-[4-[[4-(4-methyl-1-piperazinyl)-6-
[(5-methyl-1H-pyrazol-3-yl)amino]-2-pyrimidinyl]thio]phe-
nyl]cyclopropanecarboxamide; (2) N-[4-[[4-(4-Methylpipera-
zin-1-yl)-6-[(5-methyl-1H-pyrazol-3-yl)amino]pyrimidin-2-yl]-

su l fany l ]phenyl ]cyc lopropanecarboxamide (2S ) -2 -
hydroxypropanoate. CAS-899827-04-4. Antineoplastic. MK-
0457; VX-680

Varespladib [2008] (var esp’ la dib). C21H20N2O5. 380.40. (1) Acetic
acid, 2-[[3-(2-amino-2-oxoacetyl)-2-ethyl-1-(phenylmethyl)-
1H-indol-4-yl]oxy]-; (2) {[3-(Aminooxoacetyl)-1-benzyl-2-
ethyl-1H-indol-4-yl]oxy}acetic acid. CAS-172732-68-2. INN.
Treatment of dyslipidemia.

Varespladib Methyl [2008] (var esp’ la dib meth’ il). C22H22N2O5.
394.40. (1) Acetic acid, [[3-(aminooxoacetyl)-2-ethyl-1-(phe-
nylmethyl)-1H-indol-4-yl]oxy]-, methyl; ester; (2) Methyl {[3-
(aminooxoacetyl)-1-benzyl-2-ethyl-1H-indol-4-yl]oxy}acetate.
CAS-172733-08-3. Treatment of dyslipidemia. A-002;
LY333013; S-3013

Veltuzumab [2007] (vel tooz’ ue mab). C6458H9918N1706O2026S46. (1)
Immunoglobulin G1, anti-(human CD20 (antigen)) (human-
mouse monoclonal hA20 heavy chain), disulfide with human-
mouse monoclonal hA20 �-chain, dimer; (2) Immunoglobulin
G1, anti-(human B-lymphocyte antigen CD20 (Membrane-
spanning 4-domains subfamily A member 1, Leu-16, Bp35));
[218-arginine,360-glutamic acid,362-methionine]humanized
mouse monoclonal hA20 g1 heavy chain (224-213’)-disulfide
with humanized mouse monoclonal hA20 � light chain (230-
230’’:233-233’’)-bisdisulfide dimer. Molecular weight is ap-
proximately 145,300 daltons. CAS-728917-18-8. INN. Treat-
ment of non-Hodgkin’s lymphoma. IMMU-106
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Revisions of United States Adopted Names (USAN)

The following are revisions of existing United States Adopted Names (USAN) and other names.

Atocalcitol
Change chemical name to read:
(1S,3R,5Z,7E,20R)-20-[3-(2-Hydroxypropan-2-yl)benzyloxymethyl]-
9,10-secopregna-5,7,10(19)-triene-1a,3b-diol

Aconitine
Add structure, chemical name, chemical formula, and molecular
weight:

C34H47NO11 645.74
(1a,3a,6a,14a,15a,16b)-20-Ethyl-1,6,16-trimethoxy-4-(methoxy-
methyl)aconitane-3,8,13,14,15-pentol 8-acetate 14-benzoate

Alginic acid
Add structure, chemical name, and chemical formula:

(C6H8O6)n
Alginic acid, Poly

Nystatin
Add structure, chemical names, chemical formula, and molecular
weight:

C47H75NO17 926.09
Nystatin A
14,39-Dioxabicyclo[33.3.1]nonatriaconta-19,21,25,27,29,31-hex-
aene-36-carboxylic acid, 33-[(3-amino-3,6-dideoxy-b-D-mannopyra-
nosyl)oxy]-1,3,4,7,9,11,17,37-octahydroxy-15,16,18-trimethyl-13-
o x o , ( 1 S , 3 R , 4 R , 7 R , 9 R , 1 1 R , 1 5 S , 1 6 R , 1 7 R ,
18S,19E,21E,25E,27E,29E,31E,33R,35S,36R,37S)-
(1S,3R,4R,7R,9R,11R,15S,16R,17R,18S,19E,21E,25E,27E,29E,31-
,7R,9R,11R,15S,16R,17R,18S,19E,21E,25E,27E,29E,31E,33R,35-
,11R,15S,16R,17R,18S,19E,21E,25E,27E,29E,31E,33R,35S,36R,37-
,16R,17R,18S,19E,21E,25E,27E,29E,31E,33R,35S,36R,37S)-33-[(3-
amino-3,6-dideoxy-b-D-mannopyranosyl)oxy]-1,3,4,7,9,11,17,37-oc-
tahydroxy-15,16,18-trimethyl-13-oxo-14,39-dioxabicyclo[33.3.1]no-
natriaconta-19,21,25,27,29,31-hexaene-36-carboxylic acid

Proposed and Recommended International Nonproprietary Names

International Nonproprietary Names (INN) are devised by theWorld
Health Organization (WHO).
Under its charter, the WHO is empowered simply to recommend

specific actions or procedures to its Member States. This limitation
is incorporated into the WHO program concerned with the selection
of international nonproprietary names for pharmaceutical substances,
in that the WHO first publishes the selected names as proposals (‘‘Pro-
posed International Nonproprietary Names’’). A period of four months
from the date of publication in WHO Drug Information is allowed for
entering comments on, or objections to, any proposal on the part of

Member States or other interested parties. In general, an objection re-
flects a belief that the proposal concerned is confusingly close to (i.e.,
conflicts with) a name already in use, perhaps in only a restricted area
in which the party has a proprietary interest in the form of trademark
rights. In the event that no objection is received, the WHO proceeds
with listing and publishing the names so devised as recommendations
(‘‘Recommended International Nonproprietary Names’’), which many
Member States then recognize as the sole or preferred nonproprietary
name for use within their respective territories.
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Proposed International Nonproprietary Names–List 99

The following 68 names have been selected by the World Health
Organization (WHO) as Proposed International Nonproprietary
Names.

This list, with chemical names or descriptions and the molecular for-
mulae, appears in WHO Drug Information, Vol. 22, No. 2, 2008.

Suggested INN Category

Aderbasib Antineoplastic
Adoprazine Antidepressant
Afutuzumab Immunomodulator
Alipogene Tiparvovec Gene Therapy Product (In Lipo-

protein Disorders)
Apricoxib Selective Cyclo-Oxygenase In-

hibitor
Bafetinib Antineoplastic
Bederocin Antibacterial
Befiradol Analgesic
Bevasiranib Antineoplastic
Catridecacog Blood Coagulation Factor
Citatuzumab Bogatox Antineoplastic
Conatumumab Antineoplastic
Custirsen Antineoplastic
Danusertib Antineoplastic
Darotropium Bromide Anticholinergic
Demiditraz Acaricide (Veterinary Use)
Denenicokin Immunomodulator
Derquantel Anthelmintic
Disitertide Transforming Growth Factor

Beta-1 Inhibitor
Drinabant Cannabinoid Receptor Antago-

nist
Dulanermin Antineoplastic
Edoxaban Antithrombotic
Elagolix Gnrh Antagonist
Elesclomol Antineoplast ic (Adjunctive

Agent)
Entinostat Antineoplastic
Eprotirome Antihyperlipidaemic
Esreboxetine Antidepressant
Etaracizumab Antineoplastic
Foravirumab Antiviral (Rabies Prophylaxy)
Ibipinabant Cannabinoid Receptor Antago-

nist
Inolitazone Antineoplastic
Lancovutide Expectorant (In Cystic Fibrosis)
Larazotide Zonulin Antagonist (In Celiac

Disease)

Suggested INN Category

Lensiprazine Antidepressant
Levomefolic Acid Folic Acid Analogue
Levomilnacipran Antidepressant
Linagliptin Antidiabetic
Lixisenatide Antidiabetic
Macitentan Endothelin Receptor Antagonist
Melogliptin Antidiabetic
Mimopezil Acetyl Cholinesterase Inhibitor
Mipomersen Antihypercholesterol Agent
Olesoxime Neurodegenerative Disorders
Ombrabulin Antineoplastic
Otenabant Cannabinoid Receptor Antago-

nist
Palifosfamide Antineoplastic
Palovarotene Retinoid Acid Receptor Agonist
Radezolid Antibacterial
Rafivirumab Antiviral (Rabies Prophylaxy)
Retaspimycin Antineoplastic
Saracatinib Antineoplastic
Semagacestat Gamma Secretase Inhibitor
Semuloparin Sodium Anticoagulant
Sivifene Antiestrogen
Talarozole Cytochrome P450 Cyp26 Inhibi-

tor
Talmapimod Immunomodulator
Tanezumab Analgesic
Tasimelteon Melatonin Receptor Antagonist
Tasisulam Antineoplastic
Taspoglutide Antidiabetic
Tecovirimat Antiviral
Teneligliptin Antidiabetic
Tildipirosin Antibiotic
Tosedostat Antineoplastic
Troplasminogen Alfa Fibrinolytic And Thrombolytic
Ustekinumab Immunomodulator
Vadimezan Antineoplast ic (Adjunct ive

Agent)
Velneperit Neuropeptide Y Receptor Antag-

onist
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Recommended International Nonproprietary Names–List 60

The following 77 names have been selected by the World Health
Organization (WHO) as Recommended International Nonproprietary

Names. This list, with chemical names or descriptions and the molec-
ular formulae, appears in WHO Drug Information, Vol. 22, No. 3,
2008.

Adipiplon
Agatolimod
Alacizumab Pegol
Aleplasinin
Almorexant
Amolimogene Bepiplasmid
Amsilarotene
Anacetrapib
Anrukinzumab
Baminercept
Bentamapimod
Berubicin
Besifloxacin
Betrixaban
Briobacept
Cabazitaxel
Cariprazine
Carmegliptin
Cobiprostone
Conestat Alfa
Dacetuzumab
Daporinad
Darinaparsin
Dexnebivolol
Emricasan
Eribaxaban
Ezatiostat
Fasobegron
Favipiravir
Fermagate

Flopristin
Folitixorin
Ibodutant
Imeglimin
Laromustine
Levonebivolol
Linopristin
Lucatumumab
Milatuzumab
Mirabegron
Monepantel
Nelivaptan
Nesbuvir
Odanacatib
Omacetaxine Mepesuccinate
Otelixizumab
Pegloticase
Preladenant
Radiprodil
Remogliflozin Etabonate
Retosiban
Riociguat
Rolofylline
Tenatumomab
Tertomotide
Tigatuzumab
Velaglucerase Alfa
Veltuzumab
Viquidacin
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Erythromycin Pledgets (USP) . . . . . . . . . . . . . . . . . . . . 1157
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Indium In 111 Chloride Solution (USP) . . . . . . . . . . . . . . . 547
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Lipid Injectable Emulsion (USP) . . . . . . . . . . . . . . . . . . 621
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Norethindrone Acetate (USP) . . . . . . . . . . . . . . . . . . . . 969
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PHARMACOPEIAL FORUM

This is an update based on the proposals published in this issue of PF.
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Chromatographic Reagents Used in USP-NF and
Pharmacopeial Forum

Nov.–Dec. 2008

h223i DIMETHYLANILINE (DSD Mgh #98982)
PF LGS# Reagent Brand Type of Test Comments

34(6) L## Rtx-35 Amine Assay 0.53 mm 6 30 m, 1.0 mm. Manufacturer: Restek Corp

CEFAZOLIN SODIUM (DSD Mgh #13972)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 YMC-Pack Pro C18 Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: YMC Co., Inc.

CLINDAMYCIN PALMITATE HYDROCHLORIDE (DSD Mgh #18220)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 MicroBondapak
C18

Assay 3.9 mm 6 30 cm, 10 mm. Manufacturer: Waters Corp.

CLOTRIMAZOLE (DSD Mgh #18880)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Purospher Start RP
18e

Assay and Limit of . . . . Limit of clotrimazole related compound A. 4.6 mm6 25 cm,
5 mm. Manufacturer: Merck KGa

DILUTED ISOSORBIDE MONONITRATE (DSD Mgh #43610)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 LiChrosphere 100
RP-18

Assay 4 mm 6 12.5 cm Manufacturer: Merck KGaA

DIVALPROEX SODIUM EXTENDED-RELEASE TABLETS (DSD Mgh #826)
PF LGS# Reagent Brand Type of Test Comments

34(6) L11 Nova-Pak Phenyl Assay and Identitification 3.9 mm 6 15 cm, 4 mm Manufacturer: Waters Corp
34(6) L11 Nova-Pak Phenyl Assay and Identification 3.9 mm 6 15 cm, 4 mm. Manufacturer: Waters Corp

ENOXAPARIN SODIUM (DSD Mgh #29290)
PF LGS# Reagent Brand Type of Test Comments

0(0) L64 AG 1-X8 Molar ratio of sulfate to
carboxylate

Column in serie with an L65. 1.5 cm 6 2.5 cm. Manufac-
turer: BioRad Labs

0(0) L65 AG 50W-X2 Molar ratio of sulfate to
carboxylate

Column in serie with an L64. 1.5 cm 6 7.5 cm. Manufac-
turer: BioRad Labs

0(0) L59 TSKgel G3000SW Identification Molecular weight distribuition and weight-average molecular
weight. Analytical column. 7.8 mm 6 30 cm. Manufacturer:

Tosoh Bioscience
0(0) L59 TSKgel Guard Col-

umn for 7.5 mm SW
Identification Molecular weight distribution and weight-average molecular

weight. Guard column, 6 mm 6 4 cm. Manufacturer: Tosoh
Bioscience

0(0) L7 Nucleosil C8 Content of . . . . Content of Benzyl alcohol. 4.6 mm 6 15 cm. Alternative
column Symmetry C8, manufacturer Waters. Manufacturer:

Macherey-Nagel

ENZYMATICALLY-HYDROLYZED CARBOXYMETHYLCELLULOSE SODIUM (DSD Mgh #1458)
PF LGS# Reagent Brand Type of Test Comments

34(6) L22 Rezex ROA Limit of . . . . Limit of sodium chloride and sodium glycolate. 7.8 mm6 30
cm. Manufacturer: Phenomenex

ESCITALOPRAM TABLETS (DSD Mgh #2652)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 NUCLEODUR C18
Gravity

Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: Macherey-Nagel

0(0) L7 Inertsil C8-3 Assay 4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences
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FORMOTEROL FUMARATE (DSD Mgh #34302)
PF LGS# Reagent Brand Type of Test Comments

33(3) L67 Asahipak ODP-50 Related compounds Test 2. 4.6 mm 6 15 cm. Manufacturer: Shodex

GRANISETRON HYDROCHLORIDE ORAL SUSPENSION (DSD Mgh #3227)
PF LGS# Reagent Brand Type of Test Comments

0(0) L10 Nucleosil CN Assay 4.6 mm 6 15 cm. Manufacturer: Macherey-Nagel

HALOBETASOL PROPIONATE (DSD Mgh #36390)
PF LGS# Reagent Brand Type of Test Comments

35(1) L1 Symmetry Shield
RP-18

Assay and Chromato-
graphic purity

4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.

LAMIVUDINE AND STAVUDINE TABLETS (DSD Mgh #2746)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Inertsil ODS-2 Assay and Dissolution 4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences
34(6) L1 Inertsil ODS-3 Related compounds 4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences

NARATRIPTAN HYDROCHLORIDE ORAL SUSPENSION (DSD Mgh #1787)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 Sphereclone Assay 4.6 mm 6 25 cm, 5 mm Manufacturer: Phenomenex

NATEGLINIDE (DSD Mgh #2883)
PF LGS# Reagent Brand Type of Test Comments

34(6) L7 Symmetry C8 Limit of . . . . Limit of nateglinide related compound A and other impuri-
ties. 3.9 mm 6 5 cm, 5 mm. Manufacturer: Waters Corp.

34(6) L## Sumichiral OA-
3300

Limit of . . . . Limit of nateglinilide related compund B. 4 mm6 25 cm, 5
mm. Manufacturer: Sumika

34(6) L## RSpak DE-613 Assay and Limit of . . . . Limit of nateglinide related compound C and phenylalanine.
6 mm 6 15 cm, 6 mm. Manufacturer: Shodex

OLOPATADINE HYDROCHLORIDE (DSD Mgh #3311)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Ultracarb C18 Assay and Related com-
pounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex

OLOPATADINE HYDROCHLORIDE OPHTHALMIC SOLUTION (DSD Mgh #3312)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Ultracarb C18 Assay and Related com-
pounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex

OMEPRAZOLE DELAYED-RELEASE CAPSULES (DSD Mgh #58645)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Luna C18 Assay and Chromato-
graphic purity

Alternative column Symmetry C8 Manufacturer: Phenom-
enex

OXALIPLATIN (DSD Mgh #2703)
PF LGS# Reagent Brand Type of Test Comments

34(4) L1 Hypersil BDS C-18 Limit of . . . . Limit of oxalic acid. 4.6 mm6 25 cm, 5 mm. Manufacturer:
Thermo Scientific

34(4) L1 Discovery C18 Assay and Limit of . . . . Limit of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-dia-
mine-N,N’]platinum, oxaplatin related compound C, and
unspecified impurities. 4.6 mm 6 25 cm, 5 mm. Manufac-

turer: Supelco Inc.
34(4) L## Chiralcel OC-H Limit of . . . . Limit of oxaliplatin related compound D. 4.6 mm6 25 cm,

5 mm. Manufacturer: Daicel
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OXCARBAZEPINE TABLETS (DSD Mgh #59244)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Hypersil BDS C-18 Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Thermo Scientific

PANTOPRAZOLE ORAL SUSPENSION (DSD Mgh #3228)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Inertsil ODS-3 Assay 4.6 mm 6 150 mm, 5 mm Manufacturer: GL Sciences

POLYVINYL ACETATE (DSD Mgh #979)
PF LGS# Reagent Brand Type of Test Comments

34(6) G1 DB-1 Limit of . . . . Limit of vinyl acetate. 0.32 mm 6 30 m, 5 mm. Manufac-
turer: J & W Scientific

34(6) L21 Jordi Gel DVB Molecular weight distribu-
tion and average molecular

weight

10 mm 6 50 cm, 5 mm. Manufacturer: Jordi FLP

PRIMIDONE (DSD Mgh #69110)
PF LGS# Reagent Brand Type of Test Comments

35(1) L1 Chromolith RP-18e Identification and Related
compounds

4.6 mm 6 10 cm. Manufacturer: Merck KGaA

PROPANEDIOL (DSD Mgh #3751)
PF LGS# Reagent Brand Type of Test Comments

34(1) G14 Zebron ZB Wax Assay 0.25 mm 6 30 m, 0.25 mm. Manufacturer: Phenomenex

SALMETEROL XINAFOATE (DSD Mgh #74389)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Spherisorb ODS-2 Assay, Identification, and
Related compounds

4.6 mm 6 15 cm, 5 mm. Manufacturer: Waters Corp.

SODIUM NITROPRUSSIDE FOR INJECTION (DSD Mgh #76940)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 MicroBondapak
Phenyl

Assay 3.9 mm 6 30 cm, 10 mm. Manufacturer: Waters Corp

SUCROSE PALMITATE (DSD Mgh #1577)
PF LGS# Reagent Brand Type of Test Comments

34(6) L8 High Performance
Carbohydrate Ana-

lysis

Free . . . . Free Sucrose: 4.6 mm6 0.25 m Manufacturer: Waters Corp.

34(6) L21 PLgel Assay 7 6 60 Manufacturer: Phenomenex

TELMISARTAN (DSD Mgh #80812)
PF LGS# Reagent Brand Type of Test Comments

35(1) L1 Kromasil C18 Related compounds 4.0 mm 6 12.5 cm, 5 mm. Manufacturer: EKA Nobel

TERBINAFINE ORAL SUSPENSION (DSD Mgh #3232)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Zorbax RX-C18 Assay 4.6 mm 6 25 cm, 5 mm Manufacturer: Phenomenex

TERBUTALINE ORAL SUSPENSION (DSD Mgh #3229)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 MicroBondapak
Phenyl

Assay 3.9 mm 6 30 cm, 10 mm Manufacturer: Waters Corp
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TIAGABINE HYDROCHLORIDE ORAL SUSPENSION (DSD Mgh #3231)
PF LGS# Reagent Brand Type of Test Comments

0(0) L10 Zorbax CN Reli-
ance

Assay 3 mm 6 150 mm, 5 mm Manufacturer: Agilent Technolo-
gies

TOPIRAMATE (DSD Mgh #84310)
PF LGS# Reagent Brand Type of Test Comments

34(6) L47 PRP X100 Limit of . . . . Limit of sulfate and sulfamate. 4.6 mm 6 15 cm, 5 mm.
Manufacturer: Hamilton

TRETINOIN GEL (DSD Mgh #84540)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Hypersil BDS C-18 Assay 4.6 mm 6 15 cm, 5 mm. Manufacturer: Thermo Scientific

TRICLOSAN (DSD Mgh #85150)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Spherisorb ODS1 Limit of . . . . Limit of 1,3,7-trichlorodibenzo-p-dioxin, 2,8-dichlorodi-
benzo-p-dioxin, 2,8-dichorodibenzofuran, and 2,4,8-tri-

chlorodibenzofuran. 4.6 mm6 25 cm, 5 mm. Manufacturer:
Waters Corp.

ZIDOVUDINE AND LAMIVUDINE TABLETS (DSD Mgh #2767)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Inertsil ODS-3 Assay, Dissolution, Re-
lated compounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences

ZONISAMIDE CAPSULES (DSD Mgh #89996)
PF LGS# Reagent Brand Type of Test Comments

35(1) L1 Symmetry C-18 Assay and Related com-
pounds

4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.
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